
International Journal of Electrical and Computer Engineering (IJECE) 

Vol. 13, No. 3, June 2023, pp. 2498~2507 

ISSN: 2088-8708, DOI: 10.11591/ijece.v13i3.pp2498-2507      2498  

 

Journal homepage: http://ijece.iaescore.com 

Fuzzy-proportional-integral-derivative-based controller for 

object tracking in mobile robots 
 

 

Duc-Phuc Vuong1, Trong-Thang Nguyen2 
1Faculty of Electrical and Electronic Engineering, Vietnam Maritime University, Haiphong, Vietnam 

2Faculty of Electrical and Electronic Engineering, Thuyloi University, Hanoi, Vietnam 

 

 

Article Info  ABSTRACT  

Article history: 

Received Aug 2, 2022 

Revised Oct 13, 2022 

Accepted Oct 20, 2022 

 

 This paper aims at designing and implementing an intelligent controller for 

the orientation control of a two-wheeled mobile robot. The controller is 

designed in LabVIEW and based on analyzed image parameters from 

cameras. The image program calculates the distance and angle from the 

camera to the object. The fuzzy controller will get these parameters as crisp 

input data and send the calculated velocity as crisp output data to the right 

and left wheel motor for the robot tracking the target object. The results 
show that the controller gives a fast response and high reliability and quickly 

carries out data recovery from system faults. The system also works well in 

the uncertainties of process variables and without mathematical modeling. 
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1. INTRODUCTION 

The robots have been designed to help people in life and improve the efficiency and the quality of 

production [1], [2]. Several typical works that the robot does very well, such as painting, material handling, 

manufacturing, and transportation. Today, robots have a more critical role in human life and production. Due 

to engineering development, mobile robots are more widely applied in human life. One of the most important 

missions of the mobile robot is following the object. 

The position control and orientation control of robots have been proposed by many researchers. 

However, the algorithms and equations are complicated [3]–[5]. In this research, the authors will use 

LabVIEW with the IMAQ vision toolbox and fuzzy toolbox [6] to create an orientation control based on the 

fuzzy logic theory that will facilitate these processes.  

The proportional integral derivative (PID) is the most common controller for the robot because of 

the simple algorithm and high robustness, but low adaptability [7]–[9]. Each controller is only fit for some 

status and specific subject. Other controllers have been designed for achieving the parameters that are 

optimal global such as particle swarm optimization and genetic algorithm. However, the defect is decreasing 

the dynamic qualities and decreasing noise compensation efficiency. The sliding mode controller is a method 

with a fast response [10]–[12], but there are high-order harmonics. Recently, research [13] defines the 

optimal values based on the direction of the current track in the established reference frame which is the 

method based on the improved model predictive current control. The result is that the harmonics are reduced 

effectively. The grey wolf optimization algorithm-based feedback controller is proposed in the research [14]. 

The computational efficiency is improved and overshoot is suppressed. The research [15] combines the 
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model predictive control (MPC) with a sliding-mode disturbance observer. It has improved the accuracy of 

the current reference and reduced the complexity of the calculation of the observed value for the nonlinear 

model. Moreover, there are some intelligent controllers such as neural-network-based control [16], [17], 

fuzzy logic control [18], [19]. These methods can control fast the difficult object. 

To take advantage of the different controllers such as the PID controller having high robustness and 

the fuzzy logic controller having high adaptability, we proposed a combination of the PID controller and 

fuzzy. The combination of the PID conventional control with fuzzy control [20]–[22] to become a PID-fuzzy 

controller. Using this controller, the robot will track and follow the object in the various complex 

environments that previous controllers are very difficult to settle. The proposed block diagram of a controller 

is shown in Figure 1. By using image processing, the distance (d) and angle from the robot to the camera are 

calculated, which are the input signals of the controller. The output signals control the velocity of the wheel 

motors (both left and right wheel motors) to keep the robot going straight to the object. How to create a PID 

controller is presented in many research so this research only focuses on creating a fuzzy logic controller 

(FLC) and the experimental study that controls the robot automatically tracking a tennis ball. 

 

 

 
 

Figure 1. The diagram of the PID-fuzzy controller 

 

 

2. CALCULATING THE ANGLE AND DISTANCE FROM THE ROBOT TO THE OBJECT 

There were many documents showing how to create VIs in LabVIEW to calculate distance as well 

as the orientation of the camera to the objects. The most common approaches are stereo vision, laser 

triangulation, optical coherence tomography, and time of flight sensor. To calculate the depth by stereo 

vision, we use two exact cameras A and B mounted with different perspectives of the subject which is in the 

P position, and we use the calibration techniques to align pixel information between the extracted depth 

information and cameras. Ideally, the two cameras are mounted almost parallel to one another and separated 

by a short distance. Figure 2 shows the diagram of a simplified stereo vision setup, both cameras have the 

same focal length and are mounted perfectly parallel to each other (variables are described in Table 1). C is 

the midpoint of AB (CA=CB). When images are acquired from cameras A and B, dR and dL can be 

calculated exactly, d0 and f are given earlier. 

 

2.1.  Calculating angle () 

From Figure 2, we have (1). 

 

{
tan(𝜑𝐴) =

𝑑𝐿

𝑓

tan(𝜑𝐵) =
𝑑𝑅

𝑓

  (1) 

 

Mean that:  

 

{
𝐶𝑀 =

𝐴𝐶

tan(𝜑𝐴)

𝐶𝑁 =
𝐵𝐶

tan(𝜑𝐵)

 (2) 
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Calculating MN. 

 

𝑀𝑁 = 𝐶𝑁 − 𝐶𝑀 =
𝐵𝐶

tan(𝜑𝐵)
−

𝐴𝐶

tan(𝜑𝐴)
= 𝐴𝐶(

1

tan(𝜑𝐵)
−

1

tan(𝜑𝐴)
) (3) 

 

From Figure 2, we also have (4) and (5). 

 

tan(𝜑) =
𝑀𝐿

𝐶𝑀
=

1

2
.
𝑀𝐾

𝐶𝑀
=

1

2
.
𝑀𝑁.tan(𝜑𝐵)

𝐴𝐶

tan(𝜑𝐴)

=
1

2
.
𝐴𝐶.(

1

tan(𝜑𝐵)
−

1

tan(𝜑𝐴)
) .tan(𝜑𝐵)

𝐴𝐶

tan(𝜑𝐴)

 (4) 

 

tan(𝜑) =
1

2
. (tan(𝜑𝐴) − tan(𝜑𝐵) =

1

2
. (
𝑑𝐿

𝑓
−

𝑑𝑅

𝑓
) (5) 

 

Finally, we have (6).  

 

𝜑 = arctan(
1

2
. (
𝑑𝐿

𝑓
−

𝑑𝑅

𝑓
)) (6) 

 

 

 
 

Figure 2. The simplified vision system 

 

 

2.2.  Calculating the distance (d) 

From Figure 2, we have (7). 

 

{
𝑑𝐿 = 𝑓. tan(𝜑𝐴) = 𝑓.

𝑋𝐴

𝑑

𝑑𝑅 = 𝑓. tan(𝜑𝐵) = 𝑓.
𝑋𝐵

𝑑
= 𝑓.

|𝑑0−𝑋𝐴|

𝑑

 (7) 

 

So, we have (8) and (9). 

 

|𝑑𝐿 − 𝑑𝑅| = 𝑓.
𝑑0

𝑑
 (8) 
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𝑑 = 𝑓.
𝑑0

|𝑑𝐿−𝑑𝑅|
 (9) 

 

However, defining the objects such as balls, distance, and angle from camera to object, can be calculated 

more easily by using only one camera. The following steps are carried out to determine: i) acquiring an 

image and finding the ball on it; ii) calculating the area in pixels of the ball in that image; iii) calculating the 

distance to the ball as the following equations. From Figure 3, we have (10). 

 
𝑑′

𝑑𝑏𝑎𝑙𝑙
=

𝑓

𝑑
 (10) 

 

So, we have (11): 

 

𝑑 = 𝑓
𝑑𝑏𝑎𝑙𝑙

𝑑′
= 𝑓.

√
𝑆𝑏𝑎𝑙𝑙
𝜋

√
4𝑆𝑖𝑚𝑎𝑔𝑒

𝜋

= 𝑓.
√𝑆𝑏𝑎𝑙𝑙

√𝑆𝑖𝑚𝑎𝑔𝑒
=

𝑘

√𝑆𝑖𝑚𝑎𝑔𝑒
 (11) 

 

where 𝑘 = 𝑓√𝑆𝑏𝑎𝑙𝑙 is constant; iv) find out the coordinates of the centroid of the ball acquired on an image 

having a fixed resolution; and v) determining the angle  from f and O’B’(O’B’) that is the difference in 

pixels between the centroid coordinates and vertical centerline of an image with fixed resolution. 

 

tan(𝜑) =
𝑂𝐵

𝑑
=

𝑂′𝐵′

𝑓
 (12) 

 

𝜑 = arctan(
𝑂′𝐵′

𝑓
) (13) 

 

Where all variables are described in Table 1. 

 

 

 
 

Figure 3. Distance and angle from a camera to a ball 

 

 

Table 1. List of variables 
Symbol Description Unit 

d The distance to the object (depth) cm 

di=AB’ The diameter of the projection of the real ball in an image acquired by a camera cm 

dball The diameter of a real ball cm 

dref The reference distance from the camera to the ball cm 

f The focal length of a camera mm 

Rd The transfer function of distance control  

Sball The area of the real ball Pixels 

Simage The area of the ball in an image acquired by the camera Pixels 

d The distance to the object (depth) cm 

 

Camera  

f
Image

d’


A

dball

O

B
B’

C’

C

d
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3. DESIGNING THE FUZZY LOGIC CONTROLLER (FLC) 

3.1.  Designing the linguistic variables 

The input and output linguistic variables are shown in Figure 4. The inputs are the orientation of the 

robot () and the derivative of orientation (The ROD: d/dt) reading from the image processing part with 

the linguistic terms negative big (NB), negative medium (NM), negative small (NS), zero (Z), positive small 

(PS), positive medium (PM), positive big (PB). Depending on the membership functions for the linguistic 

terms, their values might correspond to one or more of the linguistic terms. 

Figure 5 shows the input linguistic variables of  (created in LabVIEW). The range from -70 to 70 

specifies that the camera integrated into the robot can detect pattern objects with a range from -70° to +70°. 

The input linguistic variables of ROD are created as same as the input linguistic variables of . 

There are two linguistic output variables named Adjustment for the right wheel (Var) and adjustment 

for the left wheel (Val) with the same terms: negative fast (NF), negative medium (NM), negative small (NS), 

No change (No), positive small (PS), positive medium (PM), positive fast (PF). Figure 6 shows the output 

linguistic variables of Adjustment for the left wheel created in LabVIEW. The range from -0.35 to 0.35 

specifies the adjusted values to output from the PID controller. For output linguistic variables of adjustment 

for the right wheel are created similarly with range from -0.35 to 0.35. 

 

 

 
 

Figure 4. Linguistic variables of FLC 

 

 

 
 

Figure 5. Input linguistic variables of  

 

 

 
 

Figure 6. Input linguistic variables of adjustment for the left wheel 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

Fuzzy-proportional-integral-derivative-based controller for object tracking in mobile … (Duc-Phuc Vuong) 

2503 

3.2.  Designing the rules 

The rules describe the relationships between two input linguistic variables and two output linguistic 

variables. The fuzzy rules are a series of IF-THEN statements that are usually derived from an expert to 

achieve optimum results [23]–[25]. By experience and practicing the rules for input linguistic variables are 

described in Tables 2 and 3. The defuzzification method is a center of area.  

 

 

Table 2. The fuzzy rules of VAR Table 3. The fuzzy rules of VAL 
The ROD The orientation of the robot 

NB NM NS ZO PS PM PB 

NB No PS PM PM PF PF PF 

NM NS No PS PS PM PM PF 

NS NS NS No PS PS PM PM 

ZO NM NS NS No PS PS PM 

PS NM NM NS NS No PS PS 

PM NF NM NM NS NS No PS 

PB NF NF NF NM NM NS No 
 

The ROD The orientation of the robot 

NB NM NS ZO PS PM PB 

NB PF NB PF NB PF NB PF 

NM PF PM PM PS PS No NS 

NS PM PM PS PS No NS NS 

ZO PM PS PS No NS NS NM 

PS PS PS No NS NS NM NM 

PM PS No NS NS NM NM NF 

PB No NS NM NM NF NF NF 
 

 

 

3.3.  Creating the fuzzy controller 

We build the control system with a fuzzy controller shown in Figure 7. This is a multiple-input 

multiple-output (MIMO) type system. The fuzzy controller in FL fuzzy controller.vi block is taken from the 

file named orientation control.fs. 

 

 

 
 

Figure 7. The diagram of the fuzzy controller 

 

 

4. RESULTS AND DISCUSSION  

4.1.  Setting the system  

We built the experimental system connection shown in Figure 8. The program was created for the 

Robot Starter Kit 2.0. The robot integrated an IP camera AXIS M1054 for detecting pattern objects, image 

acquisition, and processing. This robot will be communicated with a computer by wireless router  

SWW-5400. The host computer is installed LabVIEW for Robotics Starter Kit software. After developing the 

robotics VIs, we can download and run the VIs on RT and FPGA targets, such as CompactRIO and  

single-board RIO products. The host computer also can run VIs that communicates with the VIs running on 

targets to provide a user interface in which users can control as well as monitor the operation of the robot. In 

the experimental study, the robot will automatically track a tennis ball based on color as well as distance and 

angle from the robot to the ball. 

 

4.2.  Setting the PID controller 

The gains, including P, I, and D are calculated following the Ziegler-Nichols closed-loop tuning 

method. The optimized values are: P=0.25, I=0.09, D=0.0117. The responses of closed-loop systems under 

PID control are shown in Figure 9. The X-axis is time and Y-axis is the velocity of the motor in rounds per 

minute (rpm). Four major characteristics of closed-loop responses are very good. This controller ensures the 
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low value of settling and the rise times and also has reached the lowest values of the maximum overshoot and 

steady-state error is almost zero. The PID controller using advanced design algorithms for the DC motor 

speed control was successfully implemented. It is sufficient to obtain the desired performance in terms of 

rising time, settling time, overshoot, and steady-state error. 

 

 

 
 

Figure 8. The experimental system connection 

 

 

 
 

Figure 9. Testing with both wheel motors 

 

 

4.3.  The accuracy of distance measurement 

Testing can be done by comparing the fixed distance of a tennis ball in front of a camera with the 

indicated values displayed on the screen. The results are shown in Figure 10. It is clear that when the ball 

appears near the camera (smaller than 60 cm) the difference between the real value and indicator value is 

very small and the longer the distance the bigger the difference. 

 

 

 
 

Figure 10. The accuracy of distance measurement 
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When this IP camera is configured to acquire images at 320×240 resolutions, the system can track 

the ball in-depth about 100 cm. Over that distance value, the camera cannot detect the ball or receive the 

results having much difference. To track the ball appearing far from the robot, another specialized camera 

should be changed. 

 

4.4.  The accuracy of angle measurement  

It is similar to test distance measurement when the distance is fixed close to 25 cm and the camera is 

configured to acquire images at 320×240 resolutions. The results are recorded in Figure 11. As seen in  

Figure 11, the difference between the indicator and real position is very small if the ball appears in the range 

of the camera. As small as 25 cm in-depth, the camera only detects the ball appearing in front of it with an 

angle of around -400 ÷ +400. This range depends on the resolution of a camera and the distance from the 

camera to the ball. Over this range, the accuracy will decrease even if the camera cannot detect the ball.  

 

 

 
 

Figure 11. The accuracy of angle measurement 

 

 

4.5.  The controller signals 

When the ball moves to the left or the right, the velocity of the motors held left and right wheels 

changes automatically. These results can be seen in Figure 12. There is an inverse linear relationship between 

the left wheel motor and the right wheel motor when the orientation of the robot (camera) to the ball is none 

zero. If the  is zero velocity of the left wheel motor and the right wheel motor will be the same value  

(7.8 rpm). 

 

 

 
 

Figure 12. The relationship between the velocity of the wheel 
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4.6.  The speed of the robot 

Figure 13 shows this relationship when the maximum speed of the robot is fixed at 0.4 m/s and the 

robot stops when the distance is 10 cm. The speed of a robot depends on the distance. When the PID control 

is combined with fuzzy logic control, the output from the controller fast responds so that robot tracks the ball 

quickly and accurately. The quality of the system also depends on light conditions and types of cameras as 

well as the test environment. 

 

 

 
 

Figure 13. The relationship between the speed of the robot and the distance 

 

 

5. CONCLUSION  

This paper presents the orientation control of a two-wheeled mobile robot using fuzzy logic with 

LabVIEW by using image processing; an intelligent controller was created without complex modeling of the 

robot dynamics. The proposed orientation control is the basis for the development of haptic control schemes. 

The design is also flexible to be straightforward and easily adapted to other types of robots in different 

domains and for different tasks. It is tested and has satisfactory results in indoor and outdoor environments 

with a large number of real tennis balls. These contents play an important role in developing and producing 

service robots that assist mankind in daily life. 
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