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I. INTRODUCTION 
 

To manage sophisticated systems and increase stability, it 
is desirable to use a real time operating system (RTOS) in 
robots. An RTOS will improve the predictability of appli-
cations, do the right thing at the right time, and increase 
stability of the system. Unfortunately, designing an RTOS 
for robotics is very difficult because the scale and scope of 
robotics continues to grow. Different types of robots can 
have wide varieties of hardware and platforms, making code 
reuse nontrivial. The current trends in robotics software are 
the development of the frameworks that are implemented in 
algorithms running in many operating system platforms. A 
number of robotics frameworks, such as robot operating 

system (ROS), Dave’s ROS (DROS), Orocos, open robotics 
automation virtual environment (OpenRAVE), are widely 
available. These factors force developers to still depend 
heavily on the robot hardware that they program. 

Observing industrial vehicles, with the development of 
automotive functions, the number of engine control units in 
a whole car is increasing correspondingly, the software 
development of automotive electronics is becoming more 
complicated, and automotive electronics now has high real-
time requirements. In 1993, the European automobile industry 
provided the open systems and the corresponding interfaces 
for automotive electronics (OSEK/VDX) [1] standard to re-
solve the above problems. From the analysis of the favorable 
aspects of automotive operating system, it is clear that we 
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Abstract 
In this paper, we propose an implementation of a real-time operating system for the two-wheel mobile robot. With this 
implementation, we have the ability to control the complex embedded systems of the two-wheel mobile robot. The advantage 
of the real-time operating system is increasing the reliability and stability of the two-wheel mobile robot when they work in 
critical environments such as military and industrial applications. The real-time operating system which was ported to this 
implementation is open systems and the corresponding interfaces for automotive electronics (OSEK/VDX). It is known as the 
set of specifications on automotive operating systems, published by a consortium founded by the automotive industry. The 
mechanical design and kinematics of the two-wheel mobile robot are described in this paper. The contributions of this paper 
suggest a method for adapting and porting OSEK/VDX real-time operating system to the two-wheel mobile robot with the 
differential drive method, and we are also able to apply the real-time operating system to any complex embedded system 
easily. 
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ቐ z෤ሶଵ ൌ u෤ଵ                               z෤ሶ ଶ ൌ u෤ଶ                                 z෤ሶ ଷ ൌ zଶୢ u෤ଵ ൅ z෤ଶuଵୢ ൅ z෤ଶu෤ଵ             (7) 
 

Now, we linearize the nonlinear system 
 

൤u෤ଵu෤ଶ൨ ൌ ൦kଵ 0 00 kଶ kଷ uଵୢ൘ ൪ ൥z෤ଵz෤ଶz෤ଷ൩      (8) 
 
in which kଵ, kଶ, kଷ  are constant controller gains. The 
following linear time-variant closed loop system is obtained: 
 

቎z෤ሶଵz෤ሶ ଶz෤ሶ ଷ቏ ൌ ێێۏ
ۍێ kଵ 0 00 kଶ kଷ uଵୢ൘
kଵzଵୢ uଵୢ 0 ۑۑے

ېۑ ൥z෤ଵz෤ଶz෤ଷ൩      (9) 
 

Select the controller gains as: 
 ቐ kଵ ൌ െλଵ            kଶ ൌ െ2λଶ           kଷ ൌ െ(λଶଶ ൅ λଷଶ)            (10) 
 

Finally, the robot linear and angular velocity: 
 ቐ v ൌ ୳෥భା୳భౚୡ୭ୱ ஘    ω ൌ ୳෥మା୳మౚଵା୲ୟ୬మ஘                (11) 
 
 
IV. SYSTEM DESCRIPTION AND 

IMPLEMENTATION 
 
In this section, we describe the system to implement 

OSEK/VDX. We divided the mobile robot into two parts 
(Fig. 2): low level and high level parts. The low level part 
(Fig. 3) controls the mobile robot with the desired velocity 
when it receives instructions from the high level part. It 
shows the current velocity of the mobile robot and also 
transmits the robot’s real-time velocity to the high level part. 
The high level part (Fig. 4) is the user application that 
multitasks. Fig. 2 presents the system description. 

These tasks are the trajectory algorithm, keypad scanning, 
liquid crystal display (LCD) updating, Bluetooth commu-
nication, and sending command messages to the first part. 

The mission of the low level part is to control the desired 
velocity of the mobile robot. This part is implemented with 
OSEK/VDX, programmed in multitasks, and uses resources 
to protect the global variable. For driving a mobile robot, we 
must control the two direct current (DC) motors on the 
mobile robot. 

 
Fig. 2. System description. OSEK/VDX: open systems and the 
corresponding interfaces for automotive electronics, PID: proportional-
integral-derivative, LCD: liquid crystal display. 

 
 
We applied the proportional-integral-derivative (PID) 

velocity algorithm for two DC motors. Therefore, the PID 
algorithm task is the core task, has high priority, and is 
activated every 5 ms. This task follows two control logics: 
read the velocity command and execute the PID velocity 
algorithm. The second task receives the velocity commands 
via the universal asynchronous receiver/transmitter (UART) 
and is activated every 50 ms. Another task sends the real-
time velocity to the high level part, and it is activated every 
50 ms. The LCD task is activated every 500 ms to present 
the current velocities of the mobile robot. Obviously, we 
need the initialization task for setting the system before 
running. Most of the periodic tasks in the low level part are 
executed by the OSEK Alarm Counter. Only the 
initialization task is defined by AUTO-START.  

 
 

 
 
Fig. 3. Application diagram of low-level part. UART: universal asynchronous 
receiver/transmitter, LCD: liquid crystal display, PWM: pulse width 
modulation, PID: proportional-integral-derivative. 
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Fig. 4. Application diagram of high-level part. UART: universal asynchronous 
receiver/transmitter, LCD: liquid crystal display. 
 
 

Thus, it is activated automatically and initially at the 
beginning of the program. After completing the system 
setup, this task is suspended and not triggered by any events, 
alarms, or tasks; it is only activated again when the system 
is rebooted to reestablish the parameters. 

The high level part is designed for user applications. In 
this paper, this section is primarily used for trajectory 
tracking. This implementation is integrated with OSEK/ 
VDX and programmed in multitasks. It has seven tasks in 
total: initialization task, tracking algorithm task, reading 
position task, transmitting command task, Bluetooth task, 
scanning keypad task, and LCD task. The initialization task 
is run automatically at the beginning to initialize all of the 
modules. The other tasks can be executed sequentially by 
the alarm counter after the initialization task finishes. The 
user application is implemented in the task that has the 
second priority. This two mode selections that the user can 
select for the task are the trajectory and remote control. The 
selection mode is recognized at the beginning of this task. 

In the first mode, it reads the velocity commands from the 
Bluetooth task, and then saves them in global variables. The 
Bluetooth task only reads the velocity commands of the user 
via the Bluetooth protocol when the event is set from the 
scanning keypad task. The scanning keypad task reads the 
states of the buttons and sets the event for the Bluetooth task 
every 50 ms. The second mode is the desired trajectory. This 
mode reads the defined trajectory and then executes the 
algorithm. In this mode, it is necessary to know the current 
position of the mobile robot. Therefore, it must read the 
current positions from the global variables, which are 
calculated by the position task. The position task calculates 
the current position of the mobile robot from the real time 
velocity of the low level part, and then saves these values in 
global variables. After finishing the algorithm, the tracking 

 
Fig. 5. Left view of the actual mobile robot. 

 
 

algorithm task saves the velocity commands in global 
variables. The transmitting command task takes these 
commands from the global variables and sends them to the 
low level part every 50 ms via the UART. The execution 
time of the tracking trajectory algorithm task is 20 ms, 
which is short enough for smooth motion. Synchronizing 
between tasks, the resources and events are used to share 
and protect the global values between them. The LCD task 
is a background task which has the lowest priority and 
shows the state of the keypad, selection mode, etc. 

 
 

V. SIMULATION AND EXPERIMENTAL 
RESULTS 
 
The mobile robot in this paper has a two wheel 

differential drive, as shown in Fig. 5. This design has two 
motors, which are mounted on the left and right side and 
two passive wheels on the front and rear of the mobile robot 
for stability reasons. 

In this section, we simulate and show the results of the 
experiment on the low level part using a LM3S8962 
platform for experimental research. In this paper, we 
simulated and experimented on the low level part with 
constant inputs. Parameters listed below show the response 
of the DC motor used in the simulation (Table 1) and in the 
experiment on the actual physical device (Table 2). 

In Fig. 6, the fast response of the velocity when using the 
PID algorithm can be seen. Within 0.5 sec, the mobile robot 
reaches the desired velocity. 

 

Table 1. Simulation parameters of low level part 

Parameter Value
Wheel radius (m) 0.05 
Half of the wheel distance (m) 0.17 
Kp0 = Kp1 100 
Kd0 = Kd1 10 
Ki0 = Ki1 200 
Linear velocity of mobile robot (m/sec) 0.39 
Angular velocity of mobile robot (rad/sec) 0.46 
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Table 2. Real-time test parameters of low level part 

Parameter Value
Kp0 = Kp1 14.49 
Kd0 = Kd1 1.25 
Ki0 = Ki1 2.32 
Linear velocity of mobile robot (m/sec) 0.39 
Angular velocity of mobile robot (rad/sec) 0.46 
Angular velocity of the right DC motor (rad/sec) 3ߨ 
Angular velocity of the left DC motor (rad/sec) 2ߨ 
Frequency of the DC motor (kHz) 15 

 
 

 
Fig. 6. The simulation results of the linear and angular velocities of the 
two-wheel mobile robot with the desired velocities. 

 

 
The parameter for the PID algorithm is set differently for 

the real-time experiments than for the simulation because in 
the real environment, many factors affect the operation of 
the mobile robot. The environmental impact of friction 
creates a small vibration in the results of the linear and 
angular velocities of the mobile robot, as shown in Fig. 7. 

 
 

 
 
Fig. 7. The real-time results of the linear and angular velocities of the 
two-wheel mobile robot with the desired velocities. 

VI. CONCLUSIONS 
 
We successfully implemented the tracking of the desired 

trajectory by the linear and angular velocity of a mobile 
robot. The missions of this implementation were performed 
in an exactly defined time to ensure the speed of each wheel, 
and this mobile robot can run with minimizing errors to 
maintain the velocity of the mobile robot at the desired 
values. This research project provides a solution for some 
complex applications by dividing the system into several 
subsystem parts. Each part can be implemented by using the 
OSEK/VDX RTOS to execute a control algorithm in the 
same way. 

Through the results of the simulations and real-time 
experiments above, this method is shown to be well 
executed, demonstrating the validity of the implementation 
on the mobile robot using OSEK/VDX RTOS. The con-
tributions of this paper suggest a method for adapting and 
porting OSEK/VDX RTOS to a two-wheeled mobile robot 
with a differential drive. The implementation of the high 
level part and the improvement of the tracking performance 
require further research. 
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