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29 ECML & aZAREA AT YA Aokl 5}o)
BE= Al2®H PAHE 93 olojo]n] DEV&DESS &
7IWko 2 &a gtk ECML & 2de 2 Al B o)A
71%—% A depA vt RElA S FrHAoR A A
f27F Atk ECML & 29y AFo] 7] wiFo
Mjﬁifé AR E AL oAH FAE A,
b Zdl A A g &
S A 2 4

W E=wolAs ECML & A% gtolH = S Erfe}
2 wgket BA 9, A A HyTech & ©]-&3}9]
AT AnE Hvh Ed HyTech &= 7|E4 o=

GUI 7} A 25 A &= A2 A3=2 B¢ A4
A Ao ol F ¢ ARH mHFE ETe
HyTechAnalyzer | th3l A7) gkct.

g A o]: ECML, HyTech, sho]Hg]= Al2~gl ®d A7),
A3 stolBEl= 2 EntEL HyTechAnalyzer

1. A&

stolB o= AJARLL ApEat, &y, TAF ol A

2H ':4 2d5 2 AlEgolded AREEH= A 2H
S 24, 14 Al 2=Hl(continuous system)¥} ©]4F A
&l (dlscrete system)oi 7" 4 Alzdeln. o]
Ab A ~ENL ol = /\])\Eﬂg] Az HE
(operation mode)E rag 0]'%31 /\}%E]‘I], AL Al
2~ FlolrE AlAE YR 7o = 94*:‘%4
Eﬂﬁo] FaES Rdg et "}’Q“QE}
Y= Al2ES FY HAsH] 918 stelHE= oE
utERE (1] AlFE Ao A kAR S 7hx] so]Hog
= oEulEel My slolHEl= QEntEl (linear
hybrid automata)E [2] #HZF3sl7] 9% EEA AL
HyTech [3], d/dt [4], PHAVer [5], SpaceEX [6]5-°] #I
b ARG o] ght.

ECML (ETRI CPS Modeling Language)<> =77 2}
FAATAETR)ON A AgkgE sfolHB]= A 2~El 9]
gAE 98 <lojo|w DEV&DESS [7] A&
(formalism)< 73+ <dojojtt. ECML & EdlE 3
AlEH ol S A YUetAT = 7} A (reachability) 2+

oy s

~

[e)
A4 3, FraH

Me dE

{jojaeyeon. kr}@gmail.com

16 1

=

Fojj 8t ot 3t ARSI AT
gAlgl 2 222 A FAT 7 E 218 HA|

{igchun}@etri.re kr

QA (safety) T 2 @AMl dlgk BAS )
M= mdA [8]-% %7}1*—; A3 dart ot
DAY E 57 daME g mde RE wWEr)
A= AEEE AAso R Altsle #ge] e
atrh. ey vl WS 33 ECML & A4
Ao RAAZ st AF(real value)® EHE =
A& Wl o8 Fadk dEH e vHAE S A
Zhol ol & wAIZE Shvk [9]. weEbA Al kAES 7t
LAY stelrE= EUPE}E Wgkate] mElH)A
& ==

Ay g, ECMLE HAE 2SS W ‘I—WLZ]Oﬂ -2k
A8 slelrg= e EvlEtR WSt 1gal ol &
thA] HyTech ¢ 3= FHE|= vHE HyTeCh o ¢
S 0% S4e Fheel waAALE FRe
HyTech & 7|24 o2 Tgfuld AHHo|~E A&
4 wrol 47 A#E AR oldE Heol At
ol A= HyTech o EEA7] AH}E A48t A

)

A AgHer S AAHE oMY F UA=RF
Lo} X2 HyTechAnalyzer & A|¢tstil, o] &

%OH HS AdesE A4S

2= 7AS ve 2ok 2 oA e =i
v} 7 %] 2] Q1 ECML ¥} HyTech ¢} HyTech © 1% X
el 4 stelmes o Evjele] Held e
3 oAz 2 GolA] 2718 A% vpEo R ECML
& HY solue= eEvlnE Washs 14g A
BT 4 BAAE 9 AER AAT 5 FoIA
ES
=

o

e Wk FHS ALgsle] WEE A Flo] By
T Q2 EwELE HyTech meﬂo}oq AZ3 Ans

Hola, ol  AZE T A h =<l
HyTechAnalyzer & A7Hgtt}. 5 ]Joﬂ Me =we 2
2o 5 REAY el o |grkE shar dE

& A
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ECML & % X ®(structural model)?} F¢| =
(behavioral model)2 ¥ vt 17 1

BarrelFiller =24 ECML 9] % md=z A3k
= Ho] Frh AA Al=ES sty o] 7 B
2 s e, 72 Bzt ASAH dAE
7EA AL gle]l Al RS 7143k (encapsulation) 3
AARES AL 5= A Hol Uvk. A7 72 B
2 XES JHAA vE R Edoly AlEdelA
= A% SdRd Y g =9 @s T wvs
T Sith ECML EHe] 43l ‘[A] [E]'et 22 7
™ Al AH(update specifier)7} 1ol WG7F ZFzF 14
o=, o]ikabxio] WA wf gro] Y= A&
Uebar glew, st g2 REE sk o] e
9] REl(ell: CBM BarrelFiller)= 742 4 it &
9 R xES T3 d4EY @ A2l 7w

i Y rlo

i

2>

# CBM BarrelfFiller b N bevelLout: double =00

[E] valve_out * int

Etevel_in - dousie =00 | (o cBM Controller
4] position_in : double = 0| T [+ cBM Conveyer
[4] position_out: double = 0.0
o

A] tor_in  double
1A motor_out : dounid/d 101071 - 90U

I3 1ECML +% 2499 o (BarrelFiller =&

Fo 22 Fx o] R-Ad HEHE 8
sh= ol AR&ET ¥ 2 = BarrelFiller & &g
39l 29 ®WolFa 9lt) BarrelFiller &%
filling, stopping’©|e}+ phase = T/d=o] S+l
‘stop’> ¢S] WE AEHE UEAL filling'
barrel o =& AT FEHE, ‘stopping S barrel ©
WeEol dA FA7F HH MEE U =9
J&Fol AAs] o= AHE JET 2 phase
oAM= A% W o] WskeS Ao o+ i, A
o] 3ol )@l phase 1Fe] Hol7t WA gtk ECML
9] mdlo] gk P24 A (formal definition) ™

ggst 2.

rlo

-

<)
=

A2 1: BM = (X, Y, S, TransE, TransS, CondS, Rate, OutC,
OutP, OutE, Outs).
— X 98 W5 g X=XCxXDxXE

B XC A% g b 9Y WEEY PY
B X0 ol g1 b 4 WEe 4

B XE o4k A E WgE AR
- Y. =9 W59 H3 Y=YCxYDxYE
B Y AE S M EHE9 A
B YD o] S VHR EE€E A
B YE O A 85 HIt
— P: phase ¢] 33}, phase Plt} s €S, x€X ol o

I
i

oo oot

16 1

3}t invariant condition ¥} Rate & & 9]
— S AH9 A3 S=pxSCxSD

mosch %He dese A
m S0 olubEQl Yol §F

Transt: SxX— S 94§ AR #Ho]

event transition) $7

—  Transs: SxXCxXP— S UF  AH Ao
(internal state transition) 3+

—  CondS: SxXCxXP—> Bool: W% AE] zlo] g

(external

—  Rate: SxXCxXD — SC A& W40 WM3lg &+

A<
2
- OutC: SxXCxXD— YC. A& glo] &9 3
—  OutD: SxXCxXD— YD: oAk zke] Z€ 3¢
—  OutE: SxXCxXD— YE Q| A} #olo] tfat

olak AbA =¥ g4
- Outs: SxX — YE: W5 e] dolo st o]
2 A A &9 g

CBM BarrelFiller

[A] level_out: double = 0.0

stop filling
valve_on [ valve in==
—* de)=0 e =0

d(level_out) =2

stop_filing [ et 1/ level_out=0

stopping
dllevel_out) = 1
dey=1

18 2ECML &9 =2¢] o (BarrelFiller)
2.2 HyTech ¢} A¥ 3slojBI= Q Evle}

HyTech [3]+ 3tolH= A|AES o= 3t
meElA Ao}, slo]B = A|~HlE Y Rl 3
olB g = QEwElE WASt=t], HyTech & Al
stelBRgl= QEwlel REQ MY FlolHPE QE
vlE}(Linear Hybrid Automata, LHA) ¢} P4 8 7-AF
S Pgyor Wi olF Aror HF3r) stolBH
= A AHES Slo|lHgE QEREIE BT
GAE, ME solnYs ¢ EnEE FIHA FE
A7 Bk ol A $ol=, approximation ©]u:
abstraction & %3] slolB = QS EREIE HE 3
olHgl==z W3 & AFeof & = U} [9]. 2¥
3 & ECML 3¢ 292 %3d¥ ‘BarrelFiller & A3
stolBE|= QEWEIE FHE Zoltt. ‘stop, filling,
stopping’°] control mode E& T = o] 1O™ jump
condition & W3 control mode 7He] Ho]7} v
A gttt A stolBE gl = S EwlEle] Ojgh A F
o= v 2



KCSE2014

9] 2: HA={X, V, flow, inv, init, E, jump, X, syn} [9]

- X: W5 g, X =XCxXP
B XC AE s VR HeEe I
B XD o4l #e H WaEe HE

—  V:control mode & #&

—  flow: flow condition, 7} control mode °| &4,
&l control mode ol Al ¥lgo] W&

—  inv: invariant condition, Z control mode ©°I|
g, 313 control mode °] WEF=Z7] ¢3)A
Ao kol A A & =1

—  init: initial condition, Z} control mode °l| &4,
init(v)=true 4 W 3| control mode ° T
g T Ade

—  E: control switch €] finite multiset
B ¢ = (y,0): control switch
B v: source control mode
B ¢”: target control mode

—  jump(e): jump condition, control switch ol ¥
kel =7

- X event %+ synchronization label o(e)¢] F
3l control switch ol &%

—  syn( oya(eya), oyar(eyyr)) @ labeling function,
(onalena) = oyar(eya)) =true °l™ ey, <t
eyy T SAlOl ol
B HA HA: AE slo]lvgl= S ERE
W 3, CHAS,, CHA'

B ey, €244 €Har € Zpa

gel 2 oA X o A%, PlelE ol We} A%

o] oigh RS WE A= 2%k AR, HyTech
oA o]k Mg} A WEE FEE 5 7] "

of vr3Att.

filling

valve_in = 1

é6=0
level_out = 2

valve in = 0

=1
¢= e:=0

level_out =0 stopping
ée=0
level out = 1

a9 3LHA & WA 3 BarrelFiller =2

3. ECML 2499 X3y 3lo]Bg= 2 Ewel
3k

o] ZolM= ECML 9| 9] S Y slejB g
= SEuigte ®Ey] 3 rFS AWeth

16 1

ECML o & ndls tjdow weqtas 271
ofg] Jfe] wel mulo] X <

29 (coupled model)dll st W F2 ol djsfA
o]ok7] &t

T met ot

31ECML ¢ = d

ECML 9 84585 AY stolHes SEvER
doidz teAA ZhdaA g qrHS ARd
ECML 3 A3 slolBal= O Entel= 2 7hx] o]n]
’Fe] ko] (semantic gap)”F Th tE A Zpo]H
T 7HE & 4 deEd AR, ECML & XER B
ool A e Wel & AR A SlolB
g = @ EntELE closed system ©] 7] wiitoll €791

o] ¢ltt. EAZ, ECML ¢ Hole ZAAH
(deterministic)o] A ¥t A3 Flo|H Y= O EwlELY)

control switch & H]ZA 7% % (non-deterministic)°] 2}
zkol7F ol WE & o] g ou| it ApolES
aEste] Aol 1 3 Aol 2 9 oS AR, A
& ¢ [10]12 7IRko g &tar gt}

3.1.2 Phase

ECML ©] phase(P)= A3 slo]H= © EnfEle]
control mode(V)¢} W-&¥ T} P € {py,p, ..., 0} ©1 3L
V= (v, 0,0} O, vy i=py,vp =Dy, e, v = 9F
2ol gAYy Tyl ECML & Moore type
Mealy type o RE& A dste who] Hd3 steolH
g = @ EntEl= Mealy type WF AFEE = 9= A
o] 9lTth Mealy type ©| phase += W4-¢l invariant,
rate T ol = dal dolo] & el e
gojg = 9= HhHel, Moore type ©] phase &= W4
of Waol s I & Ak ApolFo] Utk
Moore type ¢] ECML 222> Mealy type O = | A]
70 Fof eSS Fefafor gt

3.1.3 Moore type | ECML phase | H %

7] 02 ECML <& Mealy type 24 A 9] &F=
Aol 7h £L& Wyol ARk Ak AMES 31 Moore
type ¢ S A9 slelBe= S EviEtR Wged
T Ue ol stk ¥ 4 = Moore type 9]
ECML phase & 4% stolH = QEntElZ WSS
Ag HoFi gty a9 4 9] v’ WFE YER
=, (@ellM A" o4k W] FhE Moore type & &
Aol3tE S A9 T control mode = EOjLE
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jump(e)oll ks & st Hrh (b)ok ol
°] %= Moore type o= Aosdls 45,
control mode 2 E°7}= jump(e) o s I3
3l control mode ¢ WF-ol ‘x =a" & Zo] A%

ol 3t flow & A =9 Hoh 284, Control
mode Wl (b)2} 2ol flow o flow & T3t A
@2 HyTech oA+ 7bFeskARt, HS =vitt
oA 77t A= =AZF Avk =7, w7F o
g WP A, o] o R = ®¥gho] of )

JH

e

rE N ot

=

o X F&:

(a) O] & ®H=~0f] CHEF Moore type2| tH

0] L3t Moore type®| HE

1% 4 Moore type 2] ECML phase ©] W3k

3.1.4 Initial condition

ECML X222 phase o, 43 slolBg = 2 Ente}
+ control mode o EE WHEEQ AHE initial
condition °.2 7}d 4 itk ZH7he] uls He=
phase, control mode v}t} i1 of gttt

3.1.5 Rates

ECML ©] Z} phase °|A <14 {19, A& A&

N3k rate = AE slolB g = 2 EWEFS] Z} control
mode 94 flow = A9 = <4 2t} Rate 7,
rate(s, X<, XP)={s | ds/dt=a(dx/dt)+D, sESC, xEXC, {a,b}e R},
of digte] flow 3 flow(v)={s |ds/dt=a(ds/dt)+b,
SE XHA' {a/b}e R}Q/} %LO] Xé'/]sa]— _/l: 9\1]\]:]'

316 B91E TS Qe Houg

ECML U\:ﬂ/] o= x%o](]‘mnE TmnS)._ }\%63 5]-0]
B = 9 EulEl] control switch(E)Z WH3 gt} 1
g dol =7 FF+E EA38e] jump condition =
deo)gd dart k. dol 2L &9 A (atomic
proposition) 59| conjunction &= x¥HE F Atk
@9l BAY BYe= v 2 b ={=<<3=
H WA Eo|AL, z:= x|n|z+n|zxn © x7} ¥
Frolal no] Al Ukl GHA o g =z
>4 72 = e ®HAga #F 5 9l

z € XCUXPUSCUS? o]7] UHT'C': |, A</014F gl o
3 zpol o} WA LERLe] B
Eig=y

¥ 5= BCML 9] dol& A¥ sojue|= e Erf

O

B2 W& ECML ¢ #dolE& HoFaL glth. ECML
o] TrankE(S,X)=p, | ©l3ll, source phase P=p; ©]iL
cond= @1 APy A ... 9, OutE=(5XCXP) ={(ni, ny,
Tim) | NKE {XCUXDUSC SP}, {ik}eR} ©o]H, ¥13E jump
condition = jump(p1,p2)={cond; Ay; =ny Acond, Ayj; =
Ny A A cond,- Ayl =n;} ©|t}.

@ =zl><7'

P2
.

(a) ECML 20| Ro|

P1 Ps
) _

(b) LHAZ $13t5l Ho|

% 5ECML do] W3lo] o

3.1.7 Urgent location

ECML ¢ AAAQl Hol& ¥ slolHzl= 2 Ew}t
Elo] A2l control switch 2 ¥W3Hal7] 9] A
+ WA HyTech ¢ urgent flag (asap)E Ab&st= A
= A7s = & 913} a3 6 oA HyTech Z49
behavior trajectory & (1,x):(q1,1)—(q2,1)—(q31) ©1™,
x=1 %1 ZJEjoll Al q ol ©¥oI¢HA] jump condition &
Wsle] W2 qp 2wk A ©oh 22, HyTech o
M= 3 73 ol x=09 FHlA qpE HoleH,
jump condition & RF5EF7] Mol flow o ]3| ?ﬂé}
WM o] Fho] F7kettt. o] A 9ol urgent flag 7} ¢

HZ % control mode ¢ Ho|7} wi= WASHA 9%‘:
Aol Aok wEkA urgent flag Al urgent
location & F7}sto] ol & s Askqltt

Urgent location & SHA g3 £AlE sf43d7]
ALg

s 71842 HE A ¥+ control mode £
F714 2l control mode & =& WHHolth 29 8
< urgent location ] ol & X531 At ‘statndby_u’

control mode i= urgent location 2.2, W7
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ECML o= §lel W2l ‘e 3t flow 9} invariant
£ 7FAal Ut} ‘e’ urgent location ¥HS 93 AFE-

He WER, 14 Sk (e=1) W in
(statndby_u)i= 0 ©late]7] (e<0) W&ol jump
condition & WrHstH HEE control switch © ©] @]

Aol7h wAgth, 3 =70 A+= urgent location ©
| F3t control mode & °©]F9 Eol ‘uE E

s,
inmoving <> 1

L

standby_u
standby_n é=1
e<0
4_——’_‘/\

start order

213 8 urgent location 2] o

318 4% WET Zke Ao

7w o7 Holo]l condition ©¢ WAE zte
jump condition ¥} 1° th&t negation S il 3}
Heketth, 2 9 ¢ o] ECML 9 TranS(qi,xc) =42
of th3ll urgent location %1 g1_u, negation ! gi_n, ¢2
control mode & “ge|gtr}. 1] aL Tmns(quxc) 0=
WSSk jump(qiiu,g2) € 78 ©38FAL negation & WHE
3l jump condition E% A2 AHoJgitt ‘e'= S o
AE3E = urgent location & $1% W ]7] U:HT':oﬂ
jump(qi_u,q2)oN A Z=718+& gt

P1 x“<0

d(x€) = -

g

A4 W7t conjunction .2 AAT O] A& A
(e=z D> 2)dle dole =3 HAE negation =
st WgS skt a9 10 ]/‘1 TransS(q1, X1, Xc2) =
72 e(q,q)= EHIIUIL T FL x>0V x>
2 2 F 0 olit WFE 2ty HolE wEkstE A

—\Ti

2o wWEb e(qq”), e(qi,q)el F  control
switch 2 ZdHJY. 29 11 3 & FA3des Ad
& WF7) disjunction 22 AAH e AfEa
s 4 =, TransS(q1,xc1) —q2 TransS(qi,xci) —qs <

oy

\
ﬁ

T oAClE e(qq), elqg)® B gL Hshu
disjunction ¢ 9<%l conjunction & Zte 3o
control switch, e(q1’,q:") &= G & F 3l

16 1

D2

d(xf) = -1
d(x§) = -1

2% 10 94 W=7} conjunction .2 AW -
) R
P1 <0 P2
d(x€) = -1
S —
xg 23 p,;

.
o
[EEN
[N
e
J»
-1>

7} disjunction &2 AZAH 7%

3.1.9 9, oate] 48 Aol
T Aol M

dolet A th=A AW negation & g control

Fethe A ot

3
@]
[N
[¢]
K-
X
=
(o}
S
i |
oZi
Ag

A il
ol g 2z AL W] i 23] HHA
on wEd QADP% ds aold vl dag
A% UP*o}Xl %35 21—% rﬂ%%:, (1"’,q1 ), e (ql",ql’)ol
=31E “&éﬂ?ﬁ% = vEba gl
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31.10 9438 S Evlel

Ag stolBel= e EviEldl= Y 9F =z E
g 7]lso] §la, ¥ T 2 control switch o] T3
%l event (synchronization label)S &3 HH S
A3t mEks] ECML R E o] 94H dEE TVes
Ta@st] A= e W S ?:-_LDLOHT:: L

Evlebrl F7b2 Beshl Rk 29 13 (014, o]
A 0 3 1S RANR Wl ] dYHE

= shlen, g MeE e LEvREA AREE)
ool ) o] ARRE 4=

NoqYoR Solet A% wid Y g
Evleb= jump o U4A = Alo] o}

=
control mode ¢l flow
Bt AollA olih dE S EviEr A

:
ot
fifo
o
o o
-
rlr
ok
I
L jo C
Sl fo 2 (b W to

28 QEOE

3.1.11 Execution order

qg  sfeluel=  omsele] A4 @ jump
condition °lA] o] ¥ —’.14 e dgEFd 72 g
Fol HdHo R FHFHAN, ECML A= 13 14
of o] GojE FAUE TAA oz A=A et
o] Fit& o]2fg Apo]E iElste] ECML RS X
9ol g u Aeparom nesel @ ol

[ P y=x P2

(a) ECML Ho|0j| M tH4=2| gt 8
x=a
x:=3

Al A0t
(x,¥):(a,?) > (3.3)

ye AT
(x,y):(a,7) = (3,a)

(a) LHA jumpodjA &

Sol 2t uY

71%¥] 14 Execution order &] =}o]#

3.2ECML Z2%=2d

16 1

ECML = BA ¥ A3 Rd2 YEZ #s &9
A= FEHZE Ho] Au ol AF slojHE= @
(o)

Eoletold FAsEE 4 eEseeld AW 2

I GAFSHA ZEO el Bg W2 Aola=

Aol Bastth A% wee] Aot wedl Th

Mg A4se T o unlElA 3 sl kg

¥ W A0 AE W HAY, ol W 4

- synchromzatlon label S A}gafoF 3tv}, 28 15
Al BM1 & o4t #h& TSLDLOHTJ_ BM2 = ©]4t

mlo =2

o2 ARSI SlTh BM1 A4 “yp xp'ol &
=2 vz BM2 9 “yp xp A% ko] ddE ol
of star, zzio] AREE7] o] UXASjof =
‘assign’e}=  synchronization label & Al&3to] F
jump 7} Al HA & JEF S

o

BM1 Yo %P BM2
yYi=a — xP=a
(w1 [ r H () [ w1
| J L J L 71 J
assign y?xP =a
Y0 xP =g
assign
S% 15 o W] @ A% md W
4. AHH AT
41 AFA A A
AEat o AlE %S ECML RS 3 Fo] W3k
o] wel ¥3kelal o] & HyTech & o]&3ste] A
o9 A% U @4 949 2m A4S
mle] )R geon wu do wel A5 A7}
Aats W Azle) L 9w Eeow yn
g malelw, 49 slelnels oxvlgw Wi

3}

T e FToE WAsH] 98 EdEs ghdsiA
W=tk ECML 2de a9 16 3 3¢
thrustcontroller, Engine’®] A 7}A] 3¢ mdl=z 7
Ho] dom Zpzbe] YiR= 19 18~20 3 #r

control & AF =} U%]/] o dEs W o2
g9 mdolA WHs Wee Edolth. ‘standby,
moving’ ©]2k= *F phase & 7FA3L U™, moving
phase ol A A #x o} HE HEo 2ol #HE e} <l
2 HEes =902 HUFETh Engine & control ol A
012 ‘ismoving’ el gtoll whet <o) F=o] st
= ‘Momentum’®] 35 S7HAI7Ith A FA]d bt
2W {FASAY Fole dHE 3slaL, thrustcontroller
= control A Bl F}x WHE 7HA L AsAHr)
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e Wek(heading)= A7Aste] E¥o R WHE MG
A mdoM AFaE W W, = 457, 135°
225° , 315° =4F Wreks wprt 7b 9 wd

to Mo
Hr
b
fuf
rr
I
o
~
!
&
e

3% 4y sojne=

tt.

CSM xx

Al heading : doudle

1A} inlocationy : doubdle
[ CBM control

[Alinlocations : Gouble

[Al indes ffix : doul

rihdestinagony™Gou [

(4 inzheading - douple | % CBM thrustcontre
W’
o
"+ cam Engine } A1

[l yvector : double

!

I3 16ECML F+ZEYE XH3 xExp 2d

CBM control
Variable

I <Discrete Variabie>

=[<Cantinuous Variable>

Winlocationy - double

standby | W wvector: doudle
A inlocationx - doudle

O} inorder - int

(4] yvector - doudle

standoy [ inordieg=0 ]/ imoving=0

order [ inorder==3/(/ ismoving=1

4] Indestnationx - double D] ismowng - int

moving

[Alindestinasony - doudle 4 |inlocationy - indestmationy = yheading

inlocationx - Indestnationx = xheading

% 17ECML 2 %d3F &5 = X9 (control)

CBM Engine

Variable
+| <Discrete Variable>

Lanewing iy +f<Conbnuous Variablex

Al Momentum - double

N

Standby Accelating
O] ordering [ inmouings=1 afomectem=
Stopping maintaining

stoporder [ inmeving==0 ] 8
4 flomentum) =-1 e @ flomentum) =0

% 18ECML & ¥ &3 252 5 (Engine)

WM Ay stelB = @ EvtEle] jump condition
olA  “inorder<>1'9} o] ARgH  ©9] WAE
‘inoder! =15 F @3 Aol HyTech ¢ +H4 574
& WdE Aotk 2y 20 ¥ a¥ 21 oA
‘start_order’ $} ‘stop_order' 7} event T o] Tl o]
Z}2y Al jump 7F EASHER o] Qi) WSk
A9 stelBel= QEntElE HyTech o 99 3=

16 1

W A a9 239 2

R

CBM thrustcontroller

Variable
| 2J <Discrete vanable>

| imoneading - Gouble | I<CoNNUOUS Variabie>

1

northernwest northerneast Aheading: doudle
gonothemeast [ inxheading>0 | / heading=45

| 2|

[Al Ingheaaing : double yoes
gonotherwest [ inyheaging>0 1/ hescing=315 qcmm,ﬂ.m;.nm{n;‘:‘ hesding=135
southernwest southermeast
= - scutherwest [ inkheading<0 1 / heading=225
2 |

% 19ECML & %3k #4532 2 (thrustcontroller)

inorder <> 0

stop order
inorder <> 1 inorder =0

Moving_n

standby_u
é=1
e<0

maoving_u
é=1
e<0

standby_n

inorder = 1 start_order
inorder = 1
ismoving = 1

fnorder =0

headingy = inlocationy — indestinationy
headingx = inlocationx — indestinationx

1% 20 LHA & W33 z}-s =} X (control)

inmoving <> 1

standby_u
standby_n é=1
es0

start order

momentum = 60

acceleration_n
momentum < 60
momentum = 1

inmoving = 1

acceleration_u
é=

e<0

momentum < 60

momentum < 0 momentum = 60

inmoving = 0

stopping_u
é=1
es0

maintenance_u
é=1
es0

momentym < 0

‘momentup > 0 inmoving <> 0

stop ofd

stopping_n
momentum = 0
momentum = —1

1% 21 LHA & Wgksh 252 54 (Engine)

maintenance_n

inheadingx < 0

Aothemuast n northernwest_u
- é=1
cadingx < 0
inheadingx < e<0

inheadingx > 0

inheadingy < 0
inheadingx > 0
heading := 45

northerneast_u
e=1
<0

northerneast_n
inheadingy = 0

inheadingy = 0

inheadingy > 0

inheadingy <0
heading = 315 pad

heading = 135

inheadingx <0
heading = 225

southernwest_u southerneast_u
e=1

e<0

southernwest_n
inheadingy = 0

inheadingy
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—-—input analog variable : locationx, locationy, destinationx, destinationy

—--local analog variable : u control
—-—output analog variable : headingx, headingy
——initial condition : loc[control] = standby u &
automaton control
synclabs:start_order, stop_order;
initially standby_u & u_control=0 &
in order=0 & heading x=0 & heading y=0 ;
loc standbyv_u :
while u_control<=0
wait{du_control=l, dheading_x = 0, dheading_y=0}
when in order>l do {} goto standby n;
when in order<l do {} goto standby n;
when in_order=1 do
{heading_x'=destination_x - location_x,
heading y'=destination y - location y}
goto moving u;
loc standby n : while True wait{du control=0, dheading x = 0, dheading y=0}
when in order=1 sync start_order do {} goteo standby u;
loc moving u : while True wait{du control=l, dheading x = 0, dheading y=0}
when in_order>0 do {} gotc moving n;
when in order<0 deo {} goto moving n;
when in_order=0 sync stop order do {moving'=0} goto standby u:
loc moving n : while True wait
{du_control = 0,
dneading x = ddestination_x - dlocation x,
dheading vy = ddestination_y - dlocation_ y}
when in order=0 do{} goto moving u;

1% 23HyTech 48 =& W33 LHAYY)

ol g8 4

HyTech & A% &4 thalo] analyze ¢} trace 7]
#% A&k} Analyze 7] S AFE 54E UP—ZLQ
Bdd &dlE EE W5 7F 9= location ol &

—% = 7HAl= ¥3F, 5 region ©] 01@71]
E AE HAFE Aol trace AFE HA S WEHT
o initial FElA HET HAHES w5 e H=E
ol g ARE deste] oW HARZE AX=A H

T 7lsolth AEa dS ALE-EFY] analyze ©F
trace 7= W3l HS5ES T3

4.2 HyTech Analyzer &

_FEJHQEO

windows#system324¥cmd.exe

fLocation andby_u.northern_east_u.standhy_n
u_thrust = 8 & moving = @ & heading_y = @ & heading_ x = 8 & heading]
=a & leocation_y = @ & location x = 8 & destination_y = 28 & destinatiol
n_x + 18 = @ & u_engine = @ & u_contrel = B
[Location: idle.standby u.northern_east_u.standby u
u_thrust = 8 & moving = @ & heading_y = @ & heading x = @ & heading]
=a & leocation_y = @ & location x = 8 & destination_y = 28 & destinatiol
& u_engine = @ & u_contrel = B

= Generating trace to specified tawget region =
#.880688

: idle.standby_u.northern_east_u.standby_u
_order = @ & moving =@ & heading_y = @ & heading_x = 8
& location_y =B & location_x = @ & destination_y = 28

n_x + 18 = @ & momentun = @ & u control = @ & w_thrust = @ & u_engine =

=== End of trace generation ==

Ho] F31 It} Analyze

L jnitial A el =L F

2 Mes((dE, 29, e EE region

goldt Aolil, trace 7|5 LR Fols] H AL
&

d5-ol dis] &

~
Ir

oY

o|\

it}
PN
B

Ll

offt & rlr ol

2230 N

16 1

el Bkt Trace o 7]so= g3 & A
initial el A RE REFHE AV wiEel HT AHE
A = AA T, analyze © A g-oll= H3ste] 4

5 ghsell g1l o Hu
HyTechAnalyzer + eclipse plugin &= 7§#% gl o
™ HyTech ¢ =5 #AF = HyTech o]gsto] A
Sote @4S ATs v E£3, trace 9 analye 7]

<
Te o8 AT AANE AlFEEte] E24E we
Eolt. X hskE VEolE AE AnE xy 1
I Pz W F= 7lee] Atk a9 25 9 st
= analyze 7S ol€%  AF  ARES

HyTechAnalyzer 7} RegionTreeView 7|55 ©]-83}
of HolFal A=, tree el = 2k 50| oJH x
AL 7 oW region & ZEAE & T UTh
Region & AT £4& WHol= state (location,
value set)®] d&How & El%tl, 7348 gelat
il A2 location e
© A4 HsEEY s BT »\Ei ASH o= :r“\q

5o

fass

1% 25HyTechAnalyzer & ©]&3%F 3 A3} B4

o
it
rf

A A HyTe ch & ©o]&3f
HyTech & ©]-&% ECML
QL EntEtE W= S

T _‘.:_%l?l HyTechAnalyzer & Z:7l3}

:rLe &g3t7] fls= ECML o] A9

B2 wae 4 glojof @rhs Aleklge] . of
=]

g ngdls] 98 4¥ oEvtEE QEom we
2UAAL HyTech 919] e oluele 429 2
% DAAAE ol g3t ATE AYstn gov, B
wgo W A4 AEH} S w7 AT A
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