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Abstract
Electrical and control systems in missiles and nuclear reactors 
having critical sections are better implemented, if split into 
multiple number of tasks. These critical sections will have 
dissimilar priorities, timing deadlines and thus should be managed 
by a Real Time Operating System. In this article an embedded 
platform for industrial automated system is designed with multiple 
tasks. In order to manage the various tasks evaluated Priority 
based Preemptive Task Scheduling algorithm in MUCOS2 Real 
Time Operating System is used. Motor task is controlled by PI 
algorithm. When an interrupt is created, the corresponding task is 
executed thus response is obtained in few microseconds and the 
corresponding task output are displayed on the LCD. Consequently, 
with the sensor value, processing speed and timing constraints of 
the task scheduled, the automated system is functioning with rapid 
task execution context under multitasking environment.
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I. Introduction
Recently in most of the electronics system, the operating systems 
used are of the RTOS (Real Time Operating System). Before the 
understanding of RTOS, it is necessary to know about Embedded 
Systems, Real Time systems and Need for OS in Embedded 
System.
“Real-Time System” -“The times by which tasks will execute can 
be predicted deterministically on the basis of knowledge about 
the system’s hardware and software”. As mentioned before most 
embedded components operate under real-time constraints. In 
industry, the terms embedded and real-time computing is used 
interchangeably. 
The real-time computing domain is continuously increasing 
to support automation and vertically integrating enterprises in 
Industry, Telecommunications, Public services and Consumer 
devices. Real-Time Systems can be of soft or hard. In soft real-
time systems, missed responses are undesirable, but do not result 
in complete failure (e.g. Video decoder, Network switch). In hard 
real-time systems, failure to meet constraints results in complete 
system failure and is, therefore, an unacceptable condition (e.g. Air 
traffic controllers, where a missed response can have catastrophic 
consequences).
“Need for OS”- It is possible to write program code for a 
microcontroller to enable it to perform various control and 
monitoring functions, e.g. a washing machine control system, 
without any operating system. But the most vital feature, common 
to all operating systems, is support for multitasking, and this 
support could be added for networking, peripheral interfacing, 
etc. 
Real time systems often require special computer operating 
systems, since conventional operating systems usually do not 
afford such performance. Some of the operating systems that 
feature real time capabilities are QNX, MUCOS2 and VxWorks. 

Such systems are widely used for control and communications 
applications. 
Real-Time Operating Systems (RTOS) will always comprise the 
features such as support for multiple tasks running concurrently, a 
scheduler to determine which task should run at any point, ability 
for the scheduler to preempt a running task, ability for external 
events to preempt a task, support for inter-task communications, 
synchronization and communication constructs. 
These features enhanced the perception of running multiple tasks 
such as PI motor control, RPM, Temperature, Alarm, Current 
control, Display, Keypad input, and ADC with different priorities. 
Among these tasks selected PI, RPM, and Temperature as higher 
priority task (e.g. as in a nuclear reactor) and analyzed the execution 
and switching time response.

II. RTOS
RTOS are programs that schedule execution in a timely manner, 
manage system resources, and provide a consistent foundation 
for developing application code. Kernels are the core module 
of every RTOS and typically contain kernel object, services and 
scheduler. RTOS are best suited for real-time, application-specific 
embedded systems. Real-time applications have the requirement 
to meet task deadlines in addition to the logical correctness of 
the results [1].

A. MUCOS II - RTOS (μC/OS-II)
MUCOS II (Micro-Controller Operating System Version 2) is 
based on μC/OS, the Real-Time Kernel which was first published 
in 1992. Although MUCOS II was developed and tested on a PC, 
it was actually targeted for embedded systems and can easily be 
ported to many different processor architectures.

B. Structure of RTOS

Fig. 1: Structure of RTOS

A Real Time Industrial Automation System with 
Task Scheduling

1M. Franklin Richard, 2S. Sudheer Sukumaran
1M.E, S.A Engineering College, Anna University, Chennai, Tamilnadu, India

2S.A Engineering College, Anna University, Chennai, Tamilnadu, India



IJCST Vol. 3, ISSue 2, AprIl - June 2012ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology 475

The most important component of RTOS is its kernel. BSP or 
Board Support Package makes an RTOS target-specific. (It is a 
processor specific code, to have the RTOS running).

III. Real Time Automation
Mostly Embedded processor should manage multiple tasks. 
Consider an Elevator or an automated vehicle it is not necessary 
to operate them by a PC or by a remote.  They were already 
programmed to perform their tasks. Here designed an embedded 
automation system for industrial domain using ARM processor, 
ported with MUCOS2 RTOS that manages multiple critical tasks. 
Already programmed and scheduled the device to perform their 
task in event based and time based manner.
Here an industrial process consisting of motors, sensors, emergency 
system, load control system, all are automated to perform their 
task. A dedicated embedded processor interfacing all these systems 
will control and manage the event based multiple tasks. To increase 
the real time performance, control algorithm and preemptive 
scheduling algorithm were implemented efficiently in MUCOS2 
RTOS [5].

A. Block Diagram

Fig. 2: Block Diagram

B. Description of Block Diagram
Entire system is automatically running, switching and terminated 
after completion of given scheduled tasks on their duration. Initially 
the system checks for all the parameters and start running multiple 
tasks. Here PI, RPM, Temperature, Alarm, Current, Display, 
Keypad, ADC are the various tasks with different priorities. 
Among these tasks selected some of the task and analyzed the 
execution and switching time response. Initially the motor is made 
to run at the specified set rpm. This steady RPM is maintained 
by the PWM generated by the ARM processor according to the 
feedback signal value given by the speed sensor. Temperature is 
monitored by temperature sensor and calculated digitally by ADC. 
Load is applied to the motor and the variations in the current at 
steady rpm were noticed with respect to time [4]. Quick response 
in switching and variations in the value can be monitored. At any 
critical section alarm unit is enabled and emergency braking or 

shutdown of the system occurs. During these processes the higher 
priority task will be executed first and the lower priority later. 
This system is similar to automated nuclear reactor or missiles 
containing critical section.

C. PI Motor Control
Speed control of an Industrial motor is very complicated. While at 
the same time RTOS can be used to control most of the components 
from a small motor to a complex industrial drive with the utmost 
reliability. This thesis presents the implementation of a Digital 
PI (Proportional, Integral) controller on an Embedded Processor 
running MUCOS II RTOS. 
 A controller is a device in the system to sense the error signal and 
to produce the required control signal. An automatic controller 
compares the real value of the output with the desired value, 
determines the deviation, and produces a control signal which will 
reduce the deviation to zero or to a minimum value. Controllers 
are classified as proportional (P), integral (I), derivative (D) and 
their combinations (PI, PD and PID).
A proportional controller amplifies the error signal    by a quantity 
Kp, which produces a control signal u(t), which is proportional 
to the input error signal, e(t). 
u(t) = Kp * e(t)
Where Kp = proportional gain or constant;
Integral control reduces the steady state error to zero. This device 
produces a control signal u(t) that is proportional to the integral 
of the input error signal: 
u(t) = Ki * integral { e(t)*dt }
where Ki = integral gain or constant. 

D. Digital Control with PWM
The PI Controller is functioning based on the technique known 
as Pulse Width Modulation (PWM). This technique allows an 
analog interface that can be built without A/D or D/A converters, 
and analog voltages and currents can be used to control processes 
directly. Controlling analog circuits digitally will reduce system 
costs and power consumption. Pulse Width Modulation (PWM) is 
a dominant technique for controlling analog circuits with digital 
signals [2]. PWM is a way of digitally encoding analog signal 
levels. The duty cycle of a square wave is modulated to encode a 
specific analog signal level, as shown in this figure:

Fig. 3: PWM Duty Cycle

The PWM signal is digital still because, at any instant, it is either 
on or off. The relation between the on time and the off time varies 
according to the analog level to be represented. Given a sufficient 
bandwidth, any analog value may be encoded with PWM.
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Fig. 4: PWM Signal Generation

PWM is used to generate the gating signals for the chopper circuit. 
The speed of a DC motor can be controlled by varying its input 
voltage. 

IV. Real Time Speed Controller
The closed loop speed control is done by a chopper circuit. The 
duty cycle of the chopper is controlled using gating signals (PWM) 
from the embedded processor. The processor monitors the speed 
sensing unit to read the current speed measured by the encoder. 
This device is functioning by generating a square wave pulse 
produced when a perforated disc cuts an IR beam. This square 
wave pulse train is fed on to the pin of the processor. 

Fig. 5: Closed Loop Speed Control

The well-implemented PI controllers are usually hard real time 
systems. Here implemented a Digital PI Controller in an ARM 7 
processor running MUCOS II RTOS. The PWM coding is handled 
by software routines implemented in MUCOS II hard real time 
constraints [3]. The communication between threads was made 
through global variables. The controller program produces the 
necessary actuating signal. The chopper varies the average DC 
output voltage, which control the speed of the DC motor. The 
motor used here is a small 12 V permanent magnet DC motor 
commonly found in most of the electronic devices. 

A. Controller Program
The controller program is liable for three things: 
Reading the current cpu_ clock_ count from the speed sensing 
module, the PI task, and Encoding the PI digital output, that is 
stored in a variable converted into an external PWM wave signal, 
which is the gating signal for chopper circuit.
The algorithm used for implementing the PI controller is: 
Generate a periodic task of period Ts. Examine the state of the 
parallel input pins. Compute the control signal and update PWM 
signal. Renew the output-write thread. Finally wait for the next 
task period Ts. 

B. Hardware Real Time Results

Fig. 6: Result for Set Value of 500 RPM

The set point value in initially given in the program as 150 RPM. 
When an interrupt is created, the value is incremented by 50 and 
finally reaches 500 RPM. It is noticed that the response of the 
system is high. Higher switching context leads to quick response 
of the system. Here the set point is given as 500 RPM and the 
PI, ADC, Display task run concurrently and execution time is in 
few microseconds. 

V. Conclusion
An efficient method of scheduling multiple tasks along with real 
time digital control of industrial motor is modeled and the real 
time performance was analyzed. The industrial automation system 
with some of the selected tasks was currently implemented using 
MUCOS II. From the analysis of these results it is concluded that 
any critical section containing multiple tasks can be managed 
by RTOS. Event based and time based planning, scheduling can 
be implemented by RTOS stack and timer management, for the 
efficient functioning of the automated system. Industrial and vehicle 
automation can be implemented based on these techniques.
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