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Abstract— Due to advancing technology; nowadays mobile 

robot applications in hospitals have been increased. For that 
reason, it is very important and necessary to analyze the 

trajectory of such helping robotic system. However; there are 

many types of mobile robots have been utilized in hospital 

applications such as helping nurses. In this simulation study; a 
designed and controlled mobile robot was controlled by using 

standard feedback controllers. On the other hand, the robot was 

also tested with disturbances of ground surface roughness. The 

simulation results showed that the standard PID controller has 
superior performance to overcome the surface roughness of the 

robot trajectory compared to the P and PD controller. In 

addition, this robot is in a better position in terms of safety as it 

has the ability to distinguish patients and it costs less than robots 
of similar construction. 

Keywords— Mobile robot, trajectory control, PID controller, 

stability, feeding system 

 
I. INTRODUCTION  

Mobile robots have become an essential component of 
automation systems since they are recently involved in many 

aspects of industrial applications or everyday life. Mobile 

robots can be divided into two groups according to the 

elements that provide movement, mobile robots with wheels 

and legged mobile robots which are inspired by some animal 

gait structures [1]. Studies on mobile robots are similar in the 

two groups. It can be classified as mapping and localization, 

trajectory analysis, determining the most suitable way to target 

with optimization algorithms, torque and speed control, 

avoiding static and/or dynamic obstacles [2]. Most mobile 
robots have differential transmissions. This situation limits the 

mobility of the robot since its orientation must always change 

according to the direction of movement. A mobile robot with 

omnidirectional wheels can perform movements in any 

direction without the need for redirection. In other words, 

because this type of wheels provides more free movement by 

increasing the degree of freedom, omnidirectional wheels are 

used in the designed and produced the system [3,4]. 

 

In the studies conducted in the literature, many control 

methods such as PID control, fuzzy logic, artificial neural 

networks, fuzzy-artificial neural network, genetic algorithm-

based PID, fuzzy PID were used for the problem of tracing the 

trajectory. But the most commonly used controller is PID and 
different controllers based PID controllers. Campos et al. [5] 

have presented an adaptive system using the particle swarm 

optimization (PSO) technique to set parameters of the PID 

controller.  

 

 

 

 

While the errors in linear and angular velocities were the inputs 

of the fuzzy-PID controller, the membership functions were 

determined according to the results of the optimization. 

Conventional PID was compared to fuzzy-PID approaches. 

Mohamed and Abbas [6] have investigated the firefly 
algorithm to determine the parameters when designing a 

nonlinear fuzzy-PID controller for optimum trajectory 

tracking.  

Abdalla et al. [7] have proposed the Takagi Sugeno type fuzzy 

logic controllers optimized by the PSO method. In this study, 

it was aimed to provide trajectory tracking control of the 

mobile robot using two optimized fuzzy controllers for speed 

control and azimuth control, while the results showed very 

good performance for the used controller. Mendili and Bouani 

[8] have tried the predictive control approach with three 

independent driving wheels based on kinematic and dynamic 
models of the mobile robot which has omni wheels. Two 

predictive controllers have been developed. The first was 

applied to the kinematic model and the second was based on 

the dynamic model. Two controllers have been compared, and 

studies have been performed to demonstrate the effectiveness 

of the predictive controller with kinematic and dynamic 

models. Demirbaş and Kalyoncu [9] have designed PID and 

kinematic based backstepping controller by obtaining a 

mathematical model of a non-holonomic mobile robot. They 

used PID controller for speed control of motors, backstepping 

controller for trajectory tracking. The performances of the 

controllers were tested by using Matlab / Simulink. Xu et al. 
[10] have designed a conventional PID and fuzzy-PID 

controller for a trajectory tracking problem of a mobile robot 

with differential driving and observed a %40 reduction in the 

amount of fuzzy-PID controller overflow. Omid et al. [11] 

have designed and implemented a new adaptive trajectory 

tracking controller for a non-holonomic wheeled mobile robot 

that has unknown parameters and indefinite dynamics. They 

have developed a backstepping controller which does not 

require knowledge about robot dynamics using artificial neural 

network. Yıldırım and Savaş [12], carried out trajectory 

analysis on Hemisson mobile robot using conventional PID 
and artificial neural network based adaptive P controller. 
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II. HAYAMOR (ASSISTANT MOBILE ROBOT FOR PATIENTS) 

Mobility of mobile robot designed and implemented for the 

purpose of helping patients was simplified for different 
surfaces such as rough, slippery using omnidirectional wheels. 

On the other hand, the reason for the use of 3 wheels is to 

reduce balance and vibration problems. The proposed, 

designed and produced mobile robot structure is shown in 

Figure 1. The proposed mobile robot system consists of 5 DC 

motor, 3 stepper motor were employed to move the body of the 

robot on the surface. One motor is used to supply water and 

pills to patients with the turning movement. The other one is 

utilized for a sliding top mechanism which is used for the 

emergency of hands. The system is actuated by motors 

energized by two 12 V battery. The Arduino Mega is used as a 

controller which controls the wheel motor speeds and the 
motor speeds used to drive the drug feeding mechanism and 

lid. 

 

Fig. 1. Designed and controlled mobile robot 

 

A. Kinematics of Proposed Mobile Robot 

The kinematics of the designed and applied mobile robot 
consists of three Swedish wheels, which are mounted 
symmetrically with a 120-degree angle to each other. Each 
wheel, which is driven by a DC stepper motor, is at a distance 
L to robot's center of rotation R. (see Fig 2.) 

 
Fig. 2. Schematic model of mobile robot wheel mechanism 

As shown in Figure 2, [Xw, Yw] refers to the global 

coordinate system, while [Xm, Ym] refers to the coordinate 

system of the mobile robot when moving. The transformation 

matrix which provides transformation from robot coordinate 

system to global coordinate system is in equation 1, 

                         𝑅𝑚 = [𝑐𝑜𝑠𝜃 −𝑠𝑖𝑛𝜃
𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

] 
𝑤                            (1) 

 

The inverse kinematic equations of the mobile robot are 
given in equation 2,3,4. Vi, i = 1, 2, 3 denotes the linear velocity 

of each wheel. 

             𝑉1 = sin  (
𝜋

3
− 𝜃). 𝑥̇ + cos(

𝜋

3
− 𝜃). 𝑦̇ + 𝐿𝜃̇            (2)                                     

             𝑉2 = − sin  (
𝜋

3
+ 𝜃). 𝑥̇ + cos(

𝜋

3
+ 𝜃). 𝑦̇ + 𝐿𝜃̇          (3) 

                  𝑉3 = sin( 𝜃). 𝑥̇ − cos( 𝜃). 𝑦̇ + 𝐿𝜃̇                     (4) 

The angle θ indicates the direction of the robot according 

to the global coordinate system. w1, w2, w3 indicate the angular 

velocity of the wheels, vector [𝑥̇ 𝑦̇ 𝜃̇] 𝑇  defines  linear 

velocity of the robot in the X direction, Y direction and angular 

velocity in the global coordinate system, respectively. If the 

equations in Equation 2,3,4 are reorganized in the vector-

matrix form, Equation 5 is obtained. 

                              [
𝑉1

𝑉2

𝑉3

] = [

𝑟𝑤1

𝑟𝑤2

𝑟𝑤3

] = 𝑃(𝜃) [
𝑥̇
𝑦̇

𝜃̇

]                       (5) 

V1, V2, V3 indicate the linear speeds of the wheels. The 

Equation 5 can be displayed in a different version as in 

Equation 6. 

                                   [
𝑥̇
𝑦̇

𝜃̇

] = 𝑃−1(𝜃) [
𝑉1

𝑉2

𝑉3

]                             (6) 
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When the Equation 6 was solved, the reverse of the P 

matrix can be found. 

𝑃−1(𝜃) =

             

[
 
 
 
 
2

3
cos(𝛿 + 𝜃) −

2

3
cos(𝜃 − 𝛿)

2

3
sin 𝜃

2

3
sin(𝛿 + 𝜃) −

2

3
sin(𝜃 − 𝛿) −

2

3
cos 𝜃

1

3𝐿

1

3𝐿

1

3𝐿 ]
 
 
 
 

    (7) 

 

The angle indicates the orientation of the wheels 

according to the robot coordinate system and is equal to 30 

degree [13]. At the same time, the forward kinematic equations 

of the system are reached with equation 7. The wheel radius r 

is 0.102 meters and the distance of the wheel centers to the 

robot center of rotation is 0.315 meters. 

 

 

Fig. 3. Wheel structure of proposed mobile robot system and view of drive 

elements. 

 

III. THE PROPOSED CONTROL SYSTEM 

The use of standard feedback controllers is simpler and 
easier to implement.  

In this study, the system trajectory was controlled with 
standard P, PD and PID control organs. 

A. Standard Feedback Controllers 

This section describes standard feedback controllers such as 
P, PD, PID controllers. Proportional-integral-derivative is the 
control method which can be used in the control of nonlinear 
systems as well as control of linear systems which has a wide 
usage area in modern industry. On the other hand; it is a control 
effect that combines the advantages of three basic control 
effects into one unit. Nevertheless, the steady state error that 
can occur is reset with the integral effect, the stability and 
response rate of the derivative effect system is increased [14]. 
The PID control method is an effective and the most preferred 
control structure that combines the advantages of the control 
effects P, PI and PD which have a zero steady state error in the 
system [15]. The mathematical equation of PID is generally 
given in Equation 8.  

             u(t) = 𝐊𝐩e(t) + 𝐊𝐢 ∫ e(t)dt
t

0
+ 𝐊𝐝

de

dt
                  (8) 

 

Here, the r(t) input (reference) signal, u(t) control signal, e(t) 
error signal and y(t) is the output of the system. Kp, Ki, Kd 
coefficients are proportional, integral and derivative 
coefficients. 

 

Fig. 4. Proposed mobile robot’s closed loop block 

diagram with PID controller 

 

The block diagram given in figure 4, [xd, yd] defines the 
desired trajectory in the X  and Y axis, while [va, wa] signifies 
to the mobile robot’s actual linear and angular velocity. [xa, 
ya] represents the actual position of the mobile robot. 

 
IV. SIMULATION RESULTS 

 

In all simulation studies performed for six reference 
trajectories, these values were taken as control effect.  In this 
control work, the linear velocity of the robot was 0.055 m/s 
and the angular velocity was taken as pi/20 rad/s (9 degrees/s). 
In the Simulink blocks added to the system, power of the noise 
effect (band-limited white noise) was taken as 0.1, the 
sampling time was 1 second and the same values were applied 
for all trajectories. 

Mobile robot trajectories which are gone six different rooms 
to give patients' drugs have been performed with P, PD, PID 
controller in simulation environment. In the simulation study, 
while setting the PID parameters, each parameter is increased 
starting from very small values. At the end of each trial, it was 
optimally adjusted after many trials, taking into account the 
conditions such as the steady state error approaching zero and 
the mobile robot not swinging The optimum PID parameters 
found are presented in Table 1. 

 
TABLE I. GAIN PARAMETERS OF CONTROLLERS 

 

 KP Ki Kd 

P 33 - - 

PD 65 - 5 

PID 12 51 0.04 
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Fig. 5. Trajectory change of robot from the starting point to 
station 1 (Time = 71.2 s) 

As shown in Figure 5, it was seen reference trajectory and 
trajectory changing controlled by various controllers.  While 
the PID controlled robot can be said to have a sufficient 
follow-up performance on the first linear pathway, it is 
observed that it has not deviated from the follow-up too many 
times in the second linear path. In the first turn, starting and 
finishing the turn follow-up performance was sufficient, the 
reference trajectory was followed in the last turn with little 
error. In the trajectory controlled with the PD controller, it did 
not oscillate in the rotation part, but it did not catch the 
reference very well on the linear and rotation road. In general, 
the P controller could not achieve the desired success in all 
trajectory traces, and problems such as high error and inability 
to approach the reference trajectory were observed. 

 

Fig. 6. Trajectory change of robot from the station 1 to 
station 2 (Time = 25.45 s) 

Figures 6 and 8 show the same trajectory and control 
performance. This is because the same trajectories were 
tracked in both graphs and the results were the same because 
the noise value and controller parameters used were the same, 
but their position in the global coordinate system is different. 
Based on the performance of the PID controller, the system's 
follow-up performance fluctuates after the start of the rotation, 
while the second half gives better results. Good results were 
obtained, even though there were small deviations in the linear 
path following the rotation and in the following.  

 

 
Fig. 7. Trajectory change of robot from the station 2 to station 3 (Time = 

132.4 s) 

The trajectory in Figure 7, which has the longest path and 

time, summarizes the follow-up performance of the 

controllers in general. As in previous trajectories, the PID 

controller exhibited a sufficient but not very good control 

performance on linear paths, while the error occurred at some 
moments around 2-3 cm. When the first and last rotation 

ability was examined, the trajectory was tracked well. The PD 

controller did not oscillate much, but it was observed that it 

could not reach the reference and there was a permanent error. 

 

Fig. 8. Trajectory change of robot from the station 3 to station 4 (Time = 

25.45 s) 

 

 
Fig. 9. Trajectory change of robot from the station 4 to station 5 (Time = 

36.15 s) 
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In Figure 9, the rotation performance for the PID controller 
is very good except for the start of the turn. The resulting error 
is in millimeter levels. Linear performance is not sufficient 
levels expected. 

 
Fig. 10. Trajectory change of robot from the station 5 to station 6 (Time = 

13.7 s) 

In Figure 10, where the last trajectory is indicated, a good 
return performance for all controllers can be mentioned, while 
the best response to the sudden change of direction after the 
turn has given PID controller. 

 
V. CONCLUSIONS AND DISCUSSIONS 

This paper has presented a proposed mobile robot 
trajectory control with standard feedback controllers. The 
prescribed trajectories were set to six feeding stations for 
patients. As can be seen from graphs; the trajectories represent 
linear and non-linear behaviour because of waiting stations 
conditions. The moving surface of the robot consists of some 
disturbances such as small surface roughness. In terms of 
these roughnesses; the robot has difficulty to follow the 
desired trajectory without small errors. 

The standard feedback controllers such as P, PD, PID were 
used to control the robot’s prescribed trajectory with 
disturbances. There is also a big effort of the robot by weights 
of batteries. 

The proposed robot’s prescribed trajectory was controlled 
with small errors by the PID controller. Other controllers have 
poor performance rather than PID controller. 

The production cost of this robot, which has been 
produced, is lower compared to its equivalents. However, if 
mass production is started, it will have a lower cost than its 
current cost. The most important feature that distinguishes this 
robot from other hospital robots is that it can separate the 
patients and provide medicine to the patients without causing 
any confusion, thanks to the camera systems on it. 
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