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1 Motivation .

* Nowadays control development is complex
testing, maintenance, extension, ... _
« Ad-hoc implementations are often not possible

=>» Design methodology:

Rapid Control Prototyping (RCP)
approach by Abel (RWTH)
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1 Rapid Control Prototyping Approach A

Rapid Control Prototyping Approach event based M&S

»  Model based approach approach !

 Continuous control development

» Avoidance of re-implementations usage of PDEVS for?
real time control

Design Automation .
Time + Requiremen
__________________________________________ === | PDEVS
i Explicite Codegeneration .
=

2 ey S

Integrated SW En

___________________________________________ e
Implicite Codegeneration - Softwar é/ N—

Integrated S
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i PDEVS Formalism :

Parallel Discrete EVent System Specification

PDEVS (Chow 1996) is an extension of DEVS (Zeigler 1976)

» Event-oriented modeling approach based on modular hierarchical
model specification

 PDEVS - two system types:

atomic PDEVS JIN PDEVS
dynamic behavior S 1N

coupled PDEVS (PDEVN)
composition of atomic or  PDEVS 4 I
coupled PDEVS | ] f '

—
—> 1 PDEVN




i PDEVS Formalism .

PDEVS & PDEVS,qp
PDEVS — {X; Y; S; Sintt Sext» 5C0’n' A) ta}

X Xmodel U Xclock
Xmodel {(p» U)lp € IPOTtS veEX }
Xcock = {("clock",v)|v € [R+}

= {a1;a2, an} set of executable activities |
an = (aia[tlmin:tlmax]) |
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Open Problems of PDEVSip

11

Open problems:
(i) Specification of activities
(i) Specification of the Real Time Clock (RTC)
(111) How are activities specified within
atomic PDEV S, components ?
(iv) Dynamic is limited (ta(s) € {0, «o})

f?
PDEVS,p = {X,Y,S,8int) Boxt Bcon, 4, ta, A}
Xciock = {("clock",v)|v € R}

atomic RT(;; WCT,
PDEVSkcp

J

Dynamic PDEVS components with
. ta(s) € {0, o} / | |
- ta(s) ER* X > ta(s) € {0,0} => re-implementation
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PDEVS,r 2.0 Formalism

13

activities

l

-

l b/\ C) \
synchronous asynchronous

blocked activ

CSm—y == = = = CS=——T——1}—1—

start
stop
start
stop




activity
a; = (M» X,S,Y, fextr fintr fout)

M
X
S
Y

f ext
f int
f out

Set of activity methods
Set of input values

Set of states

Set of output values
foxt:SXX =S

fine: M XS —>S

fout:S =Y

PDEVS,r 2.0 Formalism 14

getWcCT = M, X,S,Y, foxt, fine four)
M = {readSystemClock}
X=0 = f,notdefined
S = {tvaiye With sy = 0
Y = {twce)
fint(readSystemClock, ty 1,0)
tvaiue = readSystemClock

f out (tValue)
twer = Wvalue

PDEVS 2.0 = (X, Y, SRCP' Sinté'ext, 6C0n' ARCP' ta)

RCP

Srcp =S U 5y

Arcp: Srcp = Y XS4

S,=1{a4,..,a; ..,a,} //setofactivities

// combined output and activity function



PDEVS,r 2.0 Formalism
Real Time Clock (RTC)
[atomic RTC]

PDEVSgep 2.0

RTC = (X,Y,Sgrcp) 6ineOext) Ocon _ARCP» ta)
X=0,Y =0> 6,y 6-on, NOt defined
Srcp =S U Sy S ={0, trase twerd Sa = {getWCT}
SrRcpP,0 — (0,0,0, getWCT)
ta(o, tygst, twer, getWCT): = o
Arcp (0, tigse, twer, getWCT)

getWCT. f;,,(getWCT.M, getWCT.S)

15

Wall Clock Timg

Sint (0, trase: twer, getWCT)
twer = getWcCT. f,,:.(getWCT.S)

if twer — trase < 0.1
yes: o:=10 //IVT advance =0

no. o:=0.1;t 4:= twer //VT advance = 0.

1

Virtual Time:
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Input puffer

Application Example

robot

PDEVS

[ INTF
ta(s)eRt

output puffer
RTC CS
{ta(s)E{O.mJ PDEVSRCP

17

GEN Generator

PROC Processor

TRA Transducer

INTF Interface

RTC Real Time Clock

SM Simulation Model
CS Control Software

ta(s)e{0,x}

l\NCT

-

’[ta(s)E{O - DONE

a(sc);eE{'g.m}J Jos

)

DONE

INTF

ta(s)e{0, oo}

(-I)-R{O }
a(s)e ,00)

—>‘ INTF ]
ta(s)e{0,x}




Application Example

SM

JoB

DONE

[ INTF ]
ta(s)eIR"'

{ RTC J CS
ta(s)e{0,x}

PDEVSgep

l WCT

'

_

EN
ta(s();e{o.oo}J Jos

1 STP

{ta(s)E{O - DONE

l

INTF
ta(S)e{O.w}

[ TRA
ta(s)e{0,x}

18

GEN Generator

PDEVS PROC Processor

TRA Transducer

INTF Interface

RTC Real Time Clock

SM Simulation Model
CS Control Software

CS
[ta(::!-)g“*-} PDEVSRCP 20

JOB DONE

[ INTF +]
ta(s...)eR




Application Example

CS based on PDEVS,; 2.0 (MATLAB/DEVS)

“RM : Gen

Port Value || State = Value |I Port | Value |

R : Proc

Value | State Value ‘

e B

—
Port Value |
t=_

Port | Value

File Edit View

RM:RTS

Port | Value | State | Value \

Port | Value |

NEdS | kNAODEL- ] »

virtual robot(s)

. Value

Insert Tools Desktop Window Help

-500

500
500 x-Achse

19
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Summary and Outlook 21

Summary:

Analysis of first version of PDEVSgp
Highlighting of open problems of PDEVS,p

Definition and implementation of PDEVS, 2.0
Comparision of both PDEVSg, variants

Outlook:

Classification of PDEVSg 2.0 in context of system therory
Usage of the new concept for robot control development
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CLOSURE UNDER COUPLING

coupled PDEVN

e _[PDEVS ]__ A[PDEVSRCP ]_

Act|V|ty




