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I. INTRODUCTION

Recently, as the IT convergence mdustry has been enlarged
and more wider, the scale of embedded system become more
bigger in the form of distributed system such as automotive,
medical, manufacturing automation, etc. [1-3]. Thus, it is
necessary to test applications of these distributed embedded
systems but 1t 1s difficult to test these applications since the
testing environment of distributed applications should provide
both the execution environment and synchronization
mechanism among distributed sites [3-3]. The process of
testing embedded testing 1s shown Fig. 1. Generally. testing of
embedded system is performed with Mil.({Model-in-the-Loop).
SiL{Software-in-the-Loop) and Hil. (Hardware-in-the-Loop) in
order. In this paper. we consider only level of SilL [6] which is
testing without hardware. In Sil. simmlation of distributed
applications, however, time synchronization is essenfial In
wireless sensor network, for example. time synchronization 1s a
major topic because of high accuracy [7].

In distrbuted applications there are fwo issue of time
synchronization. One 1s synchronization between the clock in
an application and the clock in real world, which is absolute
synchronization. The other is synchronization among clock of

absolute synchronization because environment and hardware is
not real but virtual Thus. in this paper. we consider only
relative synchronization. A typical synchronization technique
is using global clock [8]. This technique is that only global
clock synchronizes clocks of the others but may make high
accuracy low performance in SIL simulation because
synchronization occurs in all nodes when global clock ticks.
Also there are some issues that which node should be selected.
that new node be required, that how much time global clock
driff, etc.

So for high performance of Silb simmlation including in
synchronization and above issues, we propose a method of
relative time synchronization. This paper is organized as
follows: Section II introduces synchromization of related
works: Section III presents the main idea of relative fime
synchronization: Section IV shows case study. Section V
shows evaluation of our method; Section VI provides
conclusion.

II. REATATED WORKS

IEEE 1588 standard [9-11] defines PTP(precision time
protocol) which enables precise synchronization of clocks in
distributed system. Because each system has its clock which is
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Fig. 1. Process of testing embedded system

R.Nanthini*, V.Maha, S.Deevika, R.Bharathi


mailto:nandhini.cse@gmail.com

NJICE —National Journal on Information and
Communication Engineering

ISSN: 2231-2099Volume 11 Issue 1
Jan-March 2021 Pages 31-35

Main issue is decision om cycle of global clock.  System operate, the distributed system need data which other

Consequently, cycle of global clock cannot exceed the greatest
common denominator among control cycle of distributed
systems. Becauvse all distributed system 1s synchromized by
global clock. cycle of global clock encounters cycle of all local
clock. In addition, in order to synchronize local clock with
global clock. if 15 necessary to calculate equations such as (1),
(2), (3), (4) and (5). Local clock 1s accuracy synchronized by
(5). But this process may get much overhead For example,
let’s assume that global clock ticks per 10ms, control cycle of
system A is 20ms and control cycle of system B is 50ms,
synchronization continuously occurs when global clock ticks
per its cyvcle. As a result, synchronization should occurs 2 times
in order that control cycle of system A operates once. Similarly,
synchronization should occurs 5 times in order that control
cycle of system B operates once. In the point of view of
distributed systems, synchronization is very inefficient process
to operate. The shorter cycle of global clock is, the more
overhead of synchronization increases. In the worst case the
cycle of global clock 15 extremely short, overhead of
synchronization i1s divergence. Also the higher absolute
accuracy of synchronization is, the more overhead of
synchronization is.

ol A METHOD OF RELATIVE SYNCHRONIZATION IN
DISTRIBUTED APPLICATION

A Structure of relative synchronization in SIL simulation

The absolute accuracy of synchronization is very important
in real distributed environment whereas relative accuracy of
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Fig. 2. Time synclromzaton using global clock
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distributed systems has gathered just before. For example,
assume that system A 1s gas sensing system such that ifs
control cycle is 10ms and system B is alarming system such
that its control cycle is 50ms. When global clock become 50ms,
system A senses and system B alarms in case of sensing gas
concurrenily. In this sifuation, system B uses data from system
A not which has gathered at the moment that global clock
become 50ms but which has gathered at the moment global
clock become 40ms.

This means that synchronization occurs 5 times with
existing synchronization but occurs once with relative accuracy.
In this paper. we propose a method of synchronization using
these relative accuracy. And synchronization should considers
some delay, jitter, and error in real environment but we
consider only method of synchronization since these factors
cannot affect method of synchronization. We propose a method
of relative synchromization and consider only method of
synchronization without many factors such as delay, jitter,
error, etc. These factors affect both absolute synchronization
and relative synchronization. So we don’t care these factors.

When SIL simulation of distnbuted applications is
performed, there are sensor applications, actuator applications
and global clock as shown i Fig. 4. Each application has local
clock for synchronization. Before simulation, first of all, if 1s
essential to classify 2 group such as sensor node and actuator
node since all actuator node operates data which sensor nodes
has gathered just before at the moment. So the shortest control
cycle of actuator node 1s determined as cvcle of global clock.
This classification determine cycle of global clock and then the
cycle of global clock should be initialized for synchronization.
Fig. 5 shows initializing process.
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Create all applications;
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End it
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Make glohal clock start 10 tick:

Figz. 3. Equations to calculate local clock for time synclwomzation

Fig. 5. Psendo code of mitializing part before SIL simmlation start
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B Synchronization Profocol

IEEE 1588 synchronizing need Swne, Follow Up,
Delay Req, Delay resp messages but our protocol need just
Tick and Ticked message for handshaking In SIL simulation
no delay calculation exist since just relative synchronization is
needed. Tick message 15 sent to local clock by global clock
with 1ts clock. Ticked message is sent to global clock by local
clock with identifier of the application, which means local
clock is synchronized.

C. Synchronization in SIL simulation

For synchromization in the pomt of view of distnbuted
application each control loop of application 15 waiting for fick
message from global clock to check time of global clock and
then if the time of global clock is equal to or greater than next
time of local clock. control loop is executed when local clock
receives fick message. Affer an execution. local clock sends
global clock ricked message. Applications repeats these process
during simulation as shown in Fig. 6. All distributed
application always cannot help getting data from other
applications which has gathered just before at the moment.
Thus, this relative synchronization is possible.

In the point of view of global clock it should see all
distributed application is ticked which ficked messages is sent
by all distnibuted application. That all distributed application is
ticked means all distibuted application become synchronized.
In previous mitializing part the shortest control cycle of
actuator node is determined as cycle of global clock. Global
clock just keep on ticking and check all distributed application
is synchronized after a tick. This is simple process so relative
synchronization can be efficient in SIL simulation.

IV. CASESTUDY

The following cases are assuming distributed application in
smart home environment.

A. Synchrenization between iwo applications

Let's assume that there are two distributed applications.
One 13 gas sensing application and the other is ventilator
application. The control cycle of gas sensing application is
10ms and the control cycle of ventilator application 1s 30ms.
Before simulation, the time of global clock and all local clock
is Oms as shown in Fig 8 When simulation start, global clock
start to tick confinuously.

When global clock tick once, time of global clock passes as
shown in Fig. 9. And then global clock send tick message to
two distributed applications. The next time of gas sensing
clock is equal to the time of global clock whereas the next time
of ventilator clock 15 smaller than the time of global clock. So,
as shown in Fig. 10, just gas sensing clock passes and its time
is added its cycle, 10ms whereas ventilator clock keep on
stopping. Though ventilator clock keep on stopping, there is no
problem because this moment 1sn’t fume that wvenfilator
application doesn’t operate. When global clock tficks again.
changes of clocks 1s the same as first fick of global clock as
shown in Fig. 11. Ventilator clock still keep on stopping and
clocks of other changes.

[nitialize application;
Caontigure applcation:
Lmnalizs local slock and set own contrel ey<le;

While [waiting for fiek message from global elock)
i {ume of global clock is equal 1o or greater than next time of local clocks
Gathers data from other applications;
Camy out own role;
Tick local ¢lock,
Emnd if
Send Heked message from global clock;
End While

Desiroy application,

Fg 6. Psendo code of synchromzation algonthm m distbuted appheation

Initialize global clock and set its evele:

Whils {all distributed application is synehrenized)

ek clock:

Send fick message o all disributed application:
End While

Diesiroy global elock:

Fig 7. Pseudo code of synchronization algerithm in global clock
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Fig 8. Initial status of global clock and local clocks before similation

Sae cansing ciock

‘ardiletor clock

Giobal ook

Hlhadadaafkas
[ S R

|
1
1
|

a
o
]
o

= ) Tirres (rna)

Fig 9. Change of global clock after 1% tick of global clock
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Fig. 10. Change of gas sensing clock after 1 tick of global clock
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Fig. 11. Change of clocks after 2 tick of global clock
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Fig. 12. Change of clocks after 3 tick of global clock
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Fig. 13. Relative synchronization after 3 tick

When third tick of global clock occurs, changes of clocks
are different in previous ticks. When an application operates.
with data from other applications which have gathered just
before. In this case time of ventilator clock should pass before
time of gas sensing clock passes. In real environment two
applications concurrently operate. Ventilator application
operate fans if gas sensing application detects gas. Buf at the
moment, in the point of view of ventilator application, the
detected data have gathered in the past. So ventilator clock
passes and then gas sensing data passes as shown in Fig 12,
Since then, as shown in Fig. 13, relattve synchronization
continues.

B Synchronization among many applications

Also synchronization among many applications occurs
similarly. When global clock passes. among local clocks

passed at that time, local clock of actuating applications should
passes earlier than one of sensing applications.

V. CONCLUSION

In this paper. existing svanchronization has high accuracy
but require complicated caleulation so it is inefficient for SIL
simulation. Thus, we propose a method of relative time
synchronization for SIL simulation. The method consider just
relative sequence among distributed application for SIL
simulation without complicated calculation. We showed that
our method enables distributed applications to be
synchronized. In the future, we study on distributed SIL
simulator with synchronization method.
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