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Abstract Hybrid system is a dynamic system that is composed of both a continuous and discrete
system, suitable for automobile, avionic and defense systems. Various modeling languages and their
supporting tools have been proposed and used in the hybrid system. The languages and tools have
specific characteristics for their purpose. Electronics and Telecommunications Research Institute
(ETRI) proposed a hybrid system modeling language, ECML (ETRI CPS Modeling Language). ECML
extends DEV&DESS (Differential Event and Differential Equation Specified System) formalism with
consideration of CPS (Cyber-Physical System), which supports modeling and simulation. In this paper,
we introduce ECML and suggest a formal definition. The case study specifies a simple vehicle model
using the suggested formal definition.
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Fig. 1 DEV&DESS atomic model

3. ECML

3.1 ECML ##= 2gin} sig| gl

ECML-2 DEV&DESS 3422 7ftez 31CPS
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(SM, Structural Model)® 3$] =2 (BM, Behavioral
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Fig. 2 A structural model of ECML

[ CBM Barrel Filler

StartFilling
[E] Valve 8 [A] LevelOut
: bool E\ [Valve==true]/ L
[A] inflow ﬁ:‘ v
: double Filling [E] Barrel

:bool

d(Level) =0 — d(Level) = inflow
LevelOut = Level | StopFilling | [ evelOut = Level
[Valve
==false]/

MakeBarrel

d(Level) =0
LevelOut = Level

[Level>=10)/

Fevel=0 Barrel = 1

[A] Level : double

13 3 ECML 39 2dlg ¥33F Barrel Filler 24
Fig. 3 A Barrel Filler model described in behavioral
model in ECML
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value value

time time
Change of constant variable Change of continuous variable

value value

time time
Change of discrete event variable Change of discrete value variable

Y 4 Weel TR WE We gkl W
Fig. 4 Change of variable value according to variable types
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Fig. 5 Location change of a vehicle according to heading

of the vehicle
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CSM xx

[Alinlocationy : dougle
[A] locationy : double | [Alinlocationy:dougl¢™f . CBM control

[Alinlocationx : double.

[A] locationx : double
[E] inorder : bool

[EJ order : bool [A] indestinationx : double;

W
[A] destinationx : double

[A] destinationy : double

% 6 EcoPOD #7014 ECMLS] &

[D]ismoving : int

[D]inmoving : int

[D] heading : int

[Alinxheading : doublg | < CBM thrustc

ontroll ————  [D]outheading : int

er

[Al MomentumOut : double

4 CBM Engine "

< double

e PR Ay wd

Fig. 6 A vehicle model specified with ECML structural model in EcoPOD environment

» outmomentum : ARl ZFZd| o3 s}&EEe] =

18 vehie

4 9x2 Jeh)) 4;b AellM AFd AAH
873wl Altste] JHoz golFA Hew ol
AL A RS delle A 2l out-

momentum'®}t ‘outheading'S o2 XU AR

do] o]g o} zpEate] ALME Al X9} & W

& & 2AIh ‘outheading'®] 735 HE AA7F ¥
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TZ 2 gt Foe o o] 3T F+ I
e A [, N a5 Jgs gv)gth

xx = (Xsu, You, B, My}, {Ip}, {Zp})

= { locationy, locationx, destinationx,

(o
B
=
lo
>
-y

destinationy | locationx € R, locationx € R,
destinationx € R, destinationy € R}
XE = {order | order € {true, false}}

= {outmomentum |outmomentum € R}
{Rs}=xx
B = {control, thrustcontroller, Engine}

{Ib} = {Icontral: Ithrustcontrollerr IEngine' lxx}

Leontror = {xx}

thrustcontrouer = {control}

Igngine = {control}

L, = {thrustcontroller, Engine}
{Zb} = {Zcontrolﬂ Zthrustcontrollerﬂ ZEngine: Zxx}

Z coneror(locationy, locationx, order, destinationx,

destinationy, inlocationy, inlocationx, inorder,

indestinationx, indestinationy)

inlocationy = locationy

inlocationx = locationx

inorder := order

indestinationx = destinationx

indestinationy = destinationy
Zprustcontrouer (XveECOLT, yvector, ismoving,
inxheading, inyheading)

inxheading = xvector

inyheading = yector
Zgngine (xvector, yvector, ismoving, inmoving)

inmoving = ismoving

Zyx(heading, MomentumOut, outheading,
outmomentum)
outheading = heading
outmomentum = MomentumOut

O 794 RS e P9 =d ‘control’e 4™
S& A% 299 A ARE I02 AL e AT
t}. ‘standby’?} ‘moving’®] ¥ phase® TFAlo] H o]
om, AAF F2 WH inorder7} true7t =W
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T £ g9s) ok E shte] 9 smoving’
W8 inorder's] e e B9 mdld] Ages] 9
3 852 AT ‘standby oA ‘ismoving’O.E Fo]
2 o Holo] = ol = ‘order'™t ‘moving oA
phase ‘standby’® 7= Aol ‘standby’E label1H|
o]+ hybrid automata Sl A3}, £ label©]
EL HolE FAldl AdYPHA Sk=  synchronization
labelo] ohjel ©4:3] Bl s Algel BelE 9l
Y 5 9E Zolmz Y FoAE nelsta g
t}. Phases] @4 W49) Wslge] PAHOoZ 75|

AA] eFed| o= ‘controlE A% HH T wWE 1A
ol A& WSFE JHoFT S0k YXE YeE
g MFEHY] fFoln YYo= Solee A& W
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CBM control |

[Alinlocationy : double
o Variable |

| +| <Discrete Variable>
_+|<Continuous Variable>

[Alinlocationx : double% | standby
— |
-
ADlinorderzIni order [ inorder==1/1/ ismoving=1
[A] indestinationx : double
| moving

[Alindestinationy : double

standby [ inorder==0 ] / ismoving=0

xvector = inlocationx-indestinationx
yvector = inlocationy-indestinationy

[A] xvector : double

[A] yvector : double

[D]ismoving : int

¥ 7 ECML 39 2d=E HA3 23 2d9 AR (control)
Fig. 7 A part of vehicle model specified in ECML behavioral model (control)

FELS MG wo} agiE A8ely] "l WIEs A

A etk ol HoE WIge] Uor AA

B Ay 2o} 39 24 ‘control’?] Aol theI 2k
control = (X,Y,S, Cond?, Trans®, Out®, OutF)

X¢ = {inlocationx, inlocationy, indestinationx,
indestinationy
| inlocationx € R, inlocationy € R, indestinationx € R,
indestinationy € R}
XE = {inorder|inorder € {0,1}}
Y¢ = {xvector, yvector|xvector € R, yvector € R}
Y? = {ismoving|ismoving € N}
S=P
P € {standby, moving}
Cond® (phase, inorder, inlocationx, inlocationy,
indestinationx, indestinationy)
phase = standby, inoder = 1
phase = moving, inoder = 0
Trans® (phase, inorder, inlocationx, inlocationy,
indestinationx, indestinationy)
if (phase = standby,inorder = 1)
phase = moving
else if (phase = moving, inoder = 0)
phase = standby
Out® (phase, inorder, inlocationx, inlocationy,
indestinationx, indestination)
if (phase = standby,inorder = 1)
ismoving =1
else if (phase = moving, inoder = 0)
ismoving =0
Out®(phase, inorder, inlocationx, inlocationy,
indestinationx, indestination)

if (phase = moving)
xvector = inlocationx — indestinationx
yvector = inlocationy — indestinationy
P 2 ‘thrustcontroller= 39 24 ‘control A
AgslE 2] dA AAe 51 HR9] Aol (inxhea-
ding, inyheading)S ¥HOo & uro} xpeke] N3 ks
A =9 ‘heading’ 2. & WRU F& 2do|th. 18 83}
2ol dA e Mg wFS vehlE vl 7He] phase
2 74 Jer 47| phaseZ olEdte Aol
A A== 24Fe] 78 WIS FIes =iy o]
At} ‘thrustcontroller’s] W3k e v 2t}

thrustcontroller = (X,Y,S, Cond®, Trans®, Out®)

X¢ = {inxheading, inyheading |inxheading €
R, inyheading € R}
Y? = {heading | heading € N}
S=P
P = {northenwest, northerneast, southernwest,
southerneast}
Cond® (phase, inxheading, inyheading)
phase = northernwest, inxheading > 0
phase = northerneast, inyheading < 0
phase = southerneast, inxheading < 0
phase = southernwest, inyheading > 0
TransE (phase, inxheading, inyheading)
if (phase = northernwest, inxheading > 0)
phase = northerneast
else if (phase = northerneast, inyheading < 0)
phase = southerneast
else if (phase = southerneast, inxheading < 0)
phase = southernwest
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CBM thrustcontroller

Variable
&Y <Discrete Variable>
_+|<Continuous Variable>

[Alinxheading : double

northenwest

[Al inyheading : double

gonotherneast [ inxheading>0 ] / headigg:tos

northeneast [D] heading : int

gonothernwest [ inyheading>0 ] / heading=315

southernwest

gosoutheast [ inyheading<0 ]/ heading=135

southerneast

goseuthernwest [ inxheading<0 ] / heading=225

a9 8 ECML 39 Rag wAg x5 o] d¥(thrustcontroller)
Fig. 8 A part of vehicle model specified in ECML behavioral model (thrustcontroller)

else if (phase = southernwest, inyheading > 0)

phase = northernwest
Out® (phase, inxheading, inyheading)

if (phase = northernwest, inxheading > 0)
heading = 45

else if (phase = northerneast, inyheading < 0)
heading = 135

else if (phase = southerneast, inxheading < 0)

phase = 225
else if (phase = southernwest, inyheading > 0)
phase = 315

q9 Bd ‘Engine’ 719 &S A3t 2o
7HEEE WsA)e Edolth 1§ 94 101-7&
x4, %7] phase?l ‘Standby’ol| WFEZtir}t 2}
2 gE@l ‘Ynmoving'd o] 10] HH 7HEEE Z71A
71 ‘Accelating 2.2 ‘dol7kal 7FEE7) 600 HE &
7V ‘maintaining’ A A EEE A FAA
A go] HAHW ‘Stopping’ A 7HEES AT
831 BE phasedAd] Az 7tEEY AVE EHoE
YRtk olg zdsty] 3l A& el ‘Momen-
tum' S AFEEFAIL ‘Momentum'2] W38 7+ phase
oA FostAtt. ‘Engine’ol tidt Foe v 2

Engine = (X,Y,S, Cond®, Trans®, CondS, Trans*,

Rate, Out®)
b = {inmoving | inmoving € N}
¢ = {MomentumOut | MomentumOut € R}
S=PxS¢

P = {Standby, Accelating, maintaining, Stopping}
§¢ = {Momentum | Momentum € R}
CondE (phase, Momentum, inmoving)
phase = Standby, inmoving = 1
phase = maintaining, inmoving = 0
Trans® (phase, Momentum, inmoving)
if (phase = Standby, inmoving = 1)
phase = Accelating
else if (phase = maintaining, inmoving = 0)
phase = Stopping
Cond* (phase, Momentum, inmoving)
phase = Accelating, Momentum = 60
phase = Stopping, Momentum=0
TransS(phase, Momentum, inmoving)
if (phase = Accelating, Momentum = 60)
phase :== maintaining
else if (phase = Stopping, Momentum = 0)
phase = Standby
Rate(phase, Momentum, inmoving)
if (phase = Standby)
dMomentum/dt = 0
else if (phase = Accelating)
dMomentum/dt = 1
else if (phase = maintaining)
dMomentum/dt = 0
else if (phase = Stopping)
dMomentum/dt = —1

Out®(phase, Momentum, inmoving)

MomentumOut := Momentum
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CBM Engine

Variable
+|  <Discrete Variable>

[Blinmoving -int | ™" = niinuous Variable>

[A] Momentum : double = 0

S
Standby

d(Momentum) = 0
MomentumOut = Momentum

getstanding [ Momentum==0 ]/

Stopping
d(Momentum) = -1
MomentumOut = Momentum

% 9 ECML 3¢ 2l PAg 2

stoporder [ inmoving==0 ]/
—

[A] MomentumOut : double

Accelating

prdering [ Inmoving==1 1[I ety =1

MomentumOut = Momentum

gomaintain [ Momentum==60 ]/

maintaining
d(Momentum) =0
MomentumOut = Momentum,

zdlo] AR (Engine)

Fig. 9 A part of vehicle model specified in ECML behavioral model (Engine)
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——locationx
= |ocationy

210 -+ ~——outmomentum

.20

-30

-40

a9 10 Asar 2de) 9] 2 <Xl & s}
Fig. 10 A behavior about location and engine power of
vehicle model

a3 102 F9¥ ECML EES diydoes 51X 9%
(‘destinationx, destinationy’ )& (40, -40)0.2 73}
As W AEHA 3 ARE HAFI QU AF B
do] oy AHy} EHo| IS locationx, locationy,
outmomentum’& A2 dAl A9 AW EEHS Y
Hule M4E2 ECML 4R A e AFosiFa
wrol=Qit), e AR EH(outmomentum’) 14
Z7Fel old wl Ao dAl A WFE ‘loca*
tionx, locationy’7} Wdsle AL & 9,1‘:1'
4o ANEH Ao ek
a9 59 WAUE sin, cos ¢

AT ARSI QeaE,

r]r

0

5 ZH AT

Stolugl= A|2d"le HFE FSHcomputer science)

o] o]E(control theory)e] GAIEo] Jqom wd
2 FAAE HEiME A =S 7 B3 HFF
2Jo] EFtEojof FTH15,16]. A slolRIY= 2 EU}
EHhybrid automata) 7]¥ke] AjEL FFEH Fdle
TRAA ZIAA LS, Alsdeold A
BAHAA AlEHH AHE o] &3}
i sk ok
ECML2 Azt =4 & (visual model), 53} 2 A
RS Adste AlEgeld dojoln mdey 373 H
AlEH oS Adsle T77F s tald =y
1S o83 HFe] FHL Utk

A2Ee obd Wi A
eb g o] SL:ILQ”“] 7]
24 AlEgelA

0519,_\9,

fﬂsﬂiﬂq 3“4 sfolHE| = A|2HLS ALEShE doje}
Y == AEHolAY HY
< WA, 9uF Ao|rt 9)\%
ZIEAH o2 AlEF oA Aoje]
Z 7 o](deterministic transmon)% dlojrgE QEn}
E} 7|¥ke] <ol ®IAAAH Hol(non -deterministic
transition) S AME-3l= Apo]H I Slo]HFE A|LHlC]
S o] &3 AFL el % EA(state explo-
sion problem)7} ©]4F A|2~EH o 2RF TAE A|2~HS A
Fate ARG o 2 BAVF H7] il oot =
HE W] TRY T3], 28 55 vl PSR A
3} Q3L approximation [17,18] 5 F83t) o)
St Zol7h Z4zhe] dojEel whgE o] Tk
Algdoldd HE A B wep do] AA 9
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