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ABSTRACT

LVC(live-virtual-constructive) integrated training system is a representative cyber-physical system. Each systems
in a LVC system has different time domain, resolution and operation methods. So, it is very important to
integrate different middlewares as a common middleware for heterogeneous systems using inter-working GWs.
Especially, since the LVC system uses different time, it is necessary to study the method for guaranteeing
causality and time synchronization among the events from different systems. In this study, we propose an time
synchronization scheme to integrate the virtual and constructive system which use the simulation time of HLA
(High Level Architecture)) RTI (Run Time Infrastructure) into the live system based on the OMG DDS (Data
Distribution Service). We propose a precise time synchronization scheme based on HLA time management and
clock federate between participants and federates which are the communication objects of DDS and HLA/RTI
respectively. In addition, we verified that time is well-synchronized among heterogeneous systems using the

suggested scheme by implementing and demonstrating simulation applications on each middleware.
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/* LT is logical time for this federate */
LT=0
timeStep = 1
lookAhead = 1
while (SimulationEnd != TRUE) do
/* Data update part (Read DDS data and Send to HLA part)*/
buffer.readDDSPartData(&BallData)
timeStamp = LT
timeStamp += lookAhead
rtiAmb.updateAttributeValues(BallData, timeStamp)
/* Time advance part */
LT += timeStep
rtiAmb.timeAdvanceRequest(LT)
while (TimeGranted != TRUE) do
//use “tick()” wait callback from RTI.
rtiAmb.tick()
end while
end while

2! 6. GW Federate?] Pseudo &=
Fig. 6. Pseudo code of GW Federate
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LT=0
/* This is abstract time. But we assume that this is 1sec for real-time
simulation*/
timeStep = 1
while (SimulationEnd '= TRUE) do
/* Time advance part */
LT += timeStep
rtiAmb.timeAdvanceRequest(LT)
while (TimeGranted != TRUE) do
//use “tick()” wait callback from RTI.
rtiAmb.tick()
end while
/* Time synch(between logical time and wallclock time) part */
currWT = getCurrTime() //time unit is ms
Sleep(1000 — (currWT-prevWT))
prevWT = currWT
end while

2| 7. Clock Federate®] Pseudo =
Fig. 7. Pseudo code of Clock Federate
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Speed
Index(i) Ball Mode (Distance
[period)
0 DDS Part Pub 8pixel/80ms
1 GW Fed Pub 8pixel/80ms
2 HLA Fedl Pub 8pixel/50ms
3 HLA Fed2 Pub 8pixel/40ms
4 HLA Fed3 Sub N/A
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