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ABSTRACT:

This paper proposes an application based on theitecture targeting Distributed embedded contrdteys
(DECS) with a single CPU and limited computatiosailirces. The application provides an approachntegration
of hard and critically hard control mechanisms witletime toolbox in matlab. Our control task cetsiof target
task to be controlled and adaptation task thatémeint's control algorithms. This paper comparedithe sharing
concurrency and efficiency of real time operatiggtesms like rate monolithic and earliest deadlingt forocess.
The solution for the process is simulated in ma8ahulink

Keywords: distributed control, embedded systems, true tinodbtix, RTOS, Rate monolithic(R M) scheduling,
Earliest deadline first (EDF) scheduling.

[I] NTRODUCTION

Real time computer control is an implementation exclusive and are implemented using a single CRU an
of a controller using a digital computer in real an RTOS[3]

time [1]. A real time computer control is Single CPU System

necessary in order to bridge the gap between [Re&l_ﬂm Kornel ]

controller and external OS environment.

Currently there is a trend to incorporate
distributed embedded system technology in order
to reduce the cost and development time [2] :
1.1. Distributed Embedded System
A Distributed Embedded System consists of several

control tasks which are either related or mutually Fig 1:Layout of distributed embedded system
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These systems are often designed with ad hoc[ll] MATHAMATICAL MODELLING OF
resource allocation strategies CONTROL SYSTEMS

1.2. Challenges Involved 2.1. DC Motor
One of the basic challenges involved in the

embedded system design is develop a software for i)
systems used in different fields of application

R

such as control system, chemical, biological, Vicaus fision= f@
automation field. The second most important qy d
factor is determination of Quality of service ( .
(QOS) with limited amount of memory [4] DC Mator P ]f:::n;

/¥
1.3. Previous Work w(f)=ﬁ
Problem of distributed embedded control systems i

can be easily understood by considering
synchronous and predictable environments. The
problem arises when hard and soft control A dC motor consists of two sub processes
applications are in the same environment [4] (1) Electrical

Feasibilit licati ¢ q (2) Mechanical
easibiiity —applications - must - ensuré - SoUnd e glectrical sub process consists of armature

scheduling and analysis techniques (Audsley et yagjstance, armature inductance and magnetic flux
al., 1993) allows checking if the task will meet of the stator. The second sub process is a
deadlines, a required condition for real time mechanical and mainly consists of an inertia (J)
applications 6]

Fault tolerances can be reduced by coordinating a ' "€ Mathematical equations can be derived as
group of processes replicating at different nodes. dia(t)/dt=(ea(/L)-(R/L ia(t)) - Kb/L d 6/dt

It explains two types of processes primary backup d20/dte= KT/J ia (t) — £/ de/dt (2('21)2)

or (Passive), active process (Powell,1991).[5]

The present work involves real time
implementation of embedded control systems .It sy
includes

Fig2: DC Motor with Inertial Load

» Mathematical modeling of physical systems

* Implementing a single control law in real time

* Implementing distributed control laws in
RTOS using existing scheduling techniques
The three tasks involved in the system design
are

e D.C Motor ( Linear and Hard system)

» Simple Inverted Pendulum (Nonlinear and
Hard system) |

e Inverted pendulum on cart (Highly unstable 1G|" D
and critically hard system)

Fig3 : Simulink model for a DC motor
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2.2.Simple Inverted Pendulum diagram of the system is used to represent the

- state equations [8]
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Fig 4: simple inverted pendulum Fig6: Simple pendulum on cart

An inverted pendulum is a pendulum who’s center _ .
of mass is above the pivot element. Here the The state equations can be derived as
pivot point is fixed and is similar to that of un (M + m)x + bx + ml6 cos® — ml6 sin6 = F

inverted pendulum. [7] (2.4)
The free body equations can be formulated as (I+ ml) 8 + mgl sin® =mIx cos8 (2.5)
0 = — g—Sin( f) + 4 -

l ml ~ |
(2.3)
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Fig5: Simulink model for simple inverted pendulum ) L )
Fig7: Simulink model for simple pendulum on cart

a.s.stgple 'ntv erted tP .e:'dd“'t””:.on Cart ion and is [ REAL TIME SCHEDULING METHODS
er.e e cart Is restricte O' Inear motion and IS FOR CONTROL SYSTEMS
subjected to forces of motion. The free body The time sharing concurrency of real time

operating system schedules tasks for CPU at a
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time priority. Scheduling is a task or a dataflow be defined by type of operating system used,
for effective utilization of resources .A real time priorities etc..
scheduler mainly concerns with 1) Throughput

Lajency [IV] TRUE TIME TOOLBOX

True time toolbox is a matlab toolbox which
creates a RTOS environment. The form of coding
involved in this toolbox is by C++ platform. Thus
it is very useful to use this toolbox for real-time
applications[12] The main idea of true time is
Co-Simulation of controller task execution
* Network Transmissions

3.1. Types Of scheduling
There are many types of scheduling techniques[9]
.important of them are

» Rate- Monolithic (RM) scheduling

» Earliest Deadline first (EDF) scheduling.

3.2. (RM) Rate Monolithic scheduling « Continuous plant Dynamics
In Rate-Monolithic (RM) type of scheduling tasksyea ~ Here the task is accomplished by providing
a fixed priority and high priority in a given task models of real-time networks as Simulink blocks,

performance. This is a static process and theifyrior here the user code is in the form of tasks and

cannot be changed. It assigns priority accordintiéd eyt handlers is modeled by Matlab or C code
request rates, depending upon the runtimes [10] [13]

3.2.2. Processor Utilization Factor(U) 4.1. True Time toolbox main Idea
A fraction of processor time used for execution of 1€ main ideas of true time toolbox are

a task set is called as processor utilization facto ~ *  Co-Simulation of = controller task execution,
For ‘n’ tasks to be performed the utilization network transmissions and continuous plant

factor can be given b dynamics
0 .y. : e Accomplished by providing models of real-
U=ECi/Ti (i=1lton)

time kernels’ and networks as Simulink blocks

3.3. (EDF) Earliest Dead line scheduling « User code is in the form of tasks and interrupt
_ _ _ _ handlers are modeled by matlab code or C
In earliest deadline first(EDF) algorithm the code

processor runs the process which is closest to its4.2. Main Components of True Time toolbox
deadline. It has a property of dynamic priority

scheduling [11] AT DiA >
3.2.3. Processor Utilization Factor(U) Snd ¢
For ‘n’ number of tasks to be performed the jinterupts Schedule 3
processor utilization factor can be given by Wanitors
U=[Cn/Tn<1 yRev ol

If this condition is satisfied then the event has a

highest priority among the given set of tasks TrueTime Kemel
3.4. Comparison Between (EDF) Earliest Dead

line scheduling and (RM) Rate monolithic

scheduling 3P E
An EDF system can use higher processor

utilization when compared to RM. EDF has TrueTime Battery
higher, simple and exact analysis when compared TrueTime Wireless
to Rate monotonic. The speed of the processor can Network

Fig8: Components of True time toolbox
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Fig9: Distributed control system simulation

[IV] SIMULATION RESULTS
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Figl2: Three DC motors Scheduled in EDF
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Figl4 : Three DC Tasks scheduled in EDF

[IV] CONCLUSIONS

A real time computer controlled control system
makes use of the efficient utilization of processor

It has been proved that out of the comparison the
task done in rate monolithic scheduling has better
performance when compared to earliest deadline
first scheduling. It has been proved that
multiplexing of tasks in distributed embedded
control system vyields better results than a
processor with a single task
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