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Statecharts
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Target System
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Modeling and Validation Using Statecharts

* Itemis CREATE (7I= vakindu StatechartTooI)% %_O.I__I' Modeling —’F"E‘j

+ Interface: 220l A 20| entity ot

in event off

* Engine: on/off events

interface driver:
in event manual_req

* Driver: manual request/auto request events in event auto_req
interface ADS:
* ADS: var lane_left: integer
var lane_right: integer
* Integer: distance from right/left lane and vehicle in front, velocity var front_dist: integer
var velocity: integer
* In Events: engage/disengage, lane change, arrival in event engage

in event disengage
. in event lane_change_left
L) . - -
Vehicle: in event lane_change_right
in event arrival
* Integer: front/left/right/brake lights, pedal push
interface vehicle:
*  String: gear position, handle direction var gear position: string
var handle_direction: string
const front_light: integer = 1
var left_light: integer
var right_light: integer
var brake_light: integer
var accel_push: integer
var brake_push: integer

//0: off, 1: on|
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Modeling and Validation Using Statecharts

Engine OFF
L]
)
engine.on
*
<narme>
. * ADS Disengaged
name: name:
L > parked . - Parked
[driverauto_req || ADS.angage) N

[vemide.gear_pasition == “N" |

[drivermanual_req || ADS.disengage]
vehicle gear_position

vehide.gear_pasition == “p"]

Front Off
-

[vehicle gear_position == "N" || vahi S
[driverauto_rea]
{ADS.disengage]

steening

* Center <

entry/vehuce handie_direction =
* exit/vetide handle_direction =

[ADS Jana_right >= 30 & ADS lana_left < 30]
[ADS Jane_right >= 30 && ADS Jane_left >= 30]

[4DS lane_right < 30 & A0S lane_left >= 30]
Left

entry/vehide handle_direction =

exit/vehide handle_drection = “C

v X
1 |[H =
KONKUK UNT

Engine On

ADS Engaged

Drive
# vetodity control

= Stopped
(4DS.arrival || vehide.gear_pasition == "' ]

[vehide gear_position
(ADS front_dist > ADS.

= *0" &k (ADS.velodty == 0 ||
city - 15 && ADS.velodty > 0))]

(ADS front_dist <= ADS,valocity - 15 &8 ADS.valocity > 0} |
ADS lane_change_right

[vehicla gaar_position == "]

*light control
o . Front On

1 [ADS Jane_change_right]
: Front anly *after 55 " Fight O
| ADS Jane_change_ieft] E - entry/vehide.nght_light = 1
Accelerate N Decelerate. N exit/vehide.right_ight = 0
entry/vetde.accel h = ‘entry/vehide brake_push = 1 1 4 -
[vahicle accel_push == 1}/ [vahicle.brake_push == 1J/ADS.velocity -= 1
ADS welogty += 1 axitivehice brak_push = 0 or s
exit/vahice.accel_push = 0 - ' after 5
- 5 {ADS Jane_change_iek) feahiciabeaia bt ==1)
[ADS front_dist > ADS.velociy - 15 &4 ADS.velodity > 0] § h;“‘:‘"'l "
y t=
after 36 (vehide.Jekt_ight == 0 || vetude.sght_ight == 0] bt dorrvgreg il .

Rear On
ntry/vehide brake_light = 1

exitivehide brake laht = 0
[vehicle brake_push == 0]
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T
engine.on
*

<name>
* . ADS Disengaged

name: came

[ ] > parked . - Parked

-
[driverauto_req || ADS.engage]

[vemide.gear_pasition == “N" |

[drivermanual_req || ADS.disengage]
vehicle gear_position

vehide.gear_pasition == “p"]

Front Off
-

[vehicle gear_position == "N" || vahi S
[driverauto_rea]
{ADS.disengage]

steening

* Center <

entry/vehuce handie_direction =
* exit/vetide handle_direction =

[ADS Jana_right >= 30 & ADS lana_left < 30]
[ADS Jane_right >= 30 && ADS Jane_left >= 30]

[4DS lane_right < 30 & A0S lane_left >= 30]
Left

entry/vehide handle_direction =

exit/vehide handle_drection = “C

v X
1 |[H =
KONKUK UNT

Engine On

ADS Engaged

Drive
# vetodity control

= Stopped
(4DS.arrival || vehide.gear_pasition == "' ]

[vehide gear_position
(ADS front_dist > ADS.

= *0" &k (ADS.velodty == 0 ||
city - 15 && ADS.velodty > 0))]

(ADS front_dist <= ADS,valocity - 15 &8 ADS.valocity > 0} |
ADS lane_change_right

[vehicla gaar_position == "]

*light control
o . Front On

1 [ADS Jane_change_right]
: Front anly *after 55 " Fight O
| ADS Jane_change_ieft] E - entry/vehide.nght_light = 1
Accelerate N Decelerate. N exit/vehide.right_ight = 0
entry/vetde.accel h = ‘entry/vehide brake_push = 1 1 4 -
[vahicle accel_push == 1}/ [vahicle.brake_push == 1J/ADS.velocity -= 1
ADS welogty += 1 axitivehice brak_push = 0 or s
exit/vahice.accel_push = 0 - ' after 5
- 5 {ADS Jane_change_iek) feahiciabeaia bt ==1)
[ADS front_dist > ADS.velociy - 15 &4 ADS.velodity > 0] § h;“‘:‘"'l "
y t=
after 36 (vehide.Jekt_ight == 0 || vetude.sght_ight == 0] bt dorrvgreg il .

Rear On
ntry/vehide brake_light = 1

exitivehide brake laht = 0
[vehicle brake_push == 0]
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Right

N entry/vehsde handle_direction =
% exit/vetide handle_direction =

| [ADS Jana_right >= 30 && ADS lane_laft < 30]

[ADS Jane_right >= 30 && ADS Jane_left >= 30]

[4DS Jane_right < 30 && ADSlane_left >= 30]

Left
entry/vehide.handle_direction
exit/vehide handle_drection = “C*

* Stopped

[aD5.armival || vehide.gear_pasition =

[vehide.gear_position == D" B& (ADS.velodty == 0 ||
(DS fronk_dist > ADS.vellocity - 15 && ADS. velodity > 0)
1{ADS front_dist <= ADS,valocity - 15 B ADS.velocity > 0) ||
ADS Jana_change_night || ADS lane_change_le
Accelerate
entry/vehide.accel_push = 1
[vehicle accel_push == 1}/

velogty <= 1
exit/vehide.accel_push = 0

——

[ADS front_dist > ADS.velodty - 15 88 ADS.velodity > 0]
after 35 [vehide.left_light == 0 || vehide.right_light == 0]

~ Engine OFF
engine.on angine.off
( Engine On
<narme>
. . ADS Disengaged ADS Engaged
name: <name:
L > parked . Parked
-
[driverauto_req || ADS.angage)
'y Tdnvermanual_req | ADS.disengage] e
[vehide.gear_position == *N" | ’
vehicle gear position == "0) 4 1[vehide.gear_position == °P"]
" : Ivehicle,gear_position == P
- [vehicie.gear_pasition == "N" || 1 . T
e L
[driverauto_req
[ADS.disengage] Drive
 steering # vetodity control
* Center +

* light control

o .

Decelerate

‘entry/vehide brake_push = 1
[wehidle brake_push
axit/vehide braks_push =

1J/ADS valocity -= 1

{aDS Jane_change_left])

Front On
<nama>
L]
¥ [ADS Jane_change_right]
Froat only *after 55 " Right On
- entry/vehide nght_light = 1
L exitfvehide.nght_iight =
(Rt C
after 55
(vahidle.brake_push == 1]
Lefton

entry/vehideleft_light =
exit/vehicle.lekt_kght = 0

Rear On
antry/vehide brake_light = 1

exitivehide brake laht = 0
[vehicle brake_push == 0]
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engine.on

<narme>

Modeling and Validation Using Statecharts

[vehicla gaar_position == "]

Engine On
ADS Engaged
narme crarre.
[ ] + parked . - Parked
: -
[drivecauto_req || ADS.engage]
- ! >
. [drvermenual_req || ADS disengage] name

[vehick.gear_position == "N" | i Front Off
vehiddgaar_position == "0 4 tlvahiga.oear_osktion == °P") [ ] -

2 . )

- [vahicie.gear_psition == “N" || 1 vahicle paar. poshion == *p
vehide.gear_position == "0] l fivenide.gear_postio 1
[driverauto_rea]
Hos.disengagel - Drive
! steenng 2 velocity cantrol * light control
- . @ Stopped [
T JADS Lara_right: »= 20 &8 A0S ane_lek >= 20] (4DS.arrival || vehide.gear_pasition == "' ]
* Conter * -
‘entry/vshide handle_direction = |
* exit/vetide handle_direction = [vehede gear_postion
[ADS Jane_right >= 30 8 ADS lane_left < 30]
[ADS Jane_right >= 30 &8 ADS lane_left >= 20]

7

= *0" &k (ADS.velodty == 0 ||
(4DS front_dist > ADS.velodity - 15 &4 ADS.velodity > 0))]

1
[(ADS front_dist <= ADS velodity - 15 B8 ADS.velocity

ol
ADS ane_change_right || ADS lane_change_left] 2
Accelerate " Decelerate
entry /vehide accel - entry/vehide brake_push = 1
Ivehidie.accal_push == 1}/ [vehide brake_push == 1/ADS.velodity -= 1
5 Jane_i ! >= aty += 1 exitivehide brake_push = 0
[4DS Jane_right < 30 && ADS lane_left >= 30] el N .
Left
entry/vehide handle_direction =
exit/vehide.handle_drection = *

[ADS front_dist > ADS.velodty - 15 88 ADS.velodity > 0]

{aDS Jane_change_left])
after 35 [vehide.left_light == 0 || vehide.right_light == 0]

Lfhil

1
KONKUK UNIV

Front On

) [ADS lane_change_right]
Front only *after 55 " L el
- entry/vehide.nght_light = 1
N exitjvehide.right_ight = 0
— :
after 55
[vehide brake_push == 1]
Left On

entry/vehice.left_light =
exitivehide left_kght = 0

Rear On
/wehidle brake_light = 1

ntry/
exitivehide brake laht = 0
[vehicle brake_push == 0]
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~ Engine Off
+
angine.on
*
name>
. . ADS Disengaged
nama name:
. L - Parked
3 -
[driverauto_req || ADS.engage]
[@vermanual_req | ADS.disengage] names
[vehide.gear_position == “N" | ) Front Off
vehicleJbear. position == "0 Ivehide.gear_position == "#"] [ ] -
: )
[vehicle.gear_position == “N" || vehi T saiica R
[driverauto_rea]
{ADS.disengage]

steening

T

[ADS.lane_right >= 30 &8 ADS lane_left 5= 30]
* Center <

entry/vehuce handie_direction =
* exit/vetide handle_direction =

[ADS Jana_right >= 30 & ADS lana_left < 30]
[ADS Jane_right >= 30 && ADS Jane_left >= 30]

[4DS lane_right < 30 & A0S lane_left >= 30]
Left

entry/vehide handle_direction =

exit/vehide handle_drection = *

v X
1 |[H =
KONKUK UNT

Engine On

ADS Engaged

[vehicla gaar_position == "]

Drive

“ veladty cantrol

* Stopped * .
[ADS.arrival || vehide.gear_pasition == "N"]

|
[vehide gear_position == "0 && (ADS.velodty == 0 ||
(ADS front_dist > ADS.velocity - 15 &4 ADS. velocty > 0)}]

[{ADS front_dist <= ADS,valocity - 15 B ADS.velocity > 0} |

ADS Janve_change_right || ADS lane_change

Accelerate

entry /vehide accel_push =
Ivehice.accsl_push == 1}/
4DS.velogty += 1
exit/vehide.accel_push = 0

loft]

o Decelerate
entry/vehide brake_push = 1
[wehicle brake_push == 1/ADS, valocity -= 1
exit/vehide braks_push = 0

. [ADS lane_change_left)
[ADS front_dist > ADS.velodty - 15 & ADS.velogty > 0]

after 35 [vehide.left_light == 0 || vehide.right_light == 0]

*light control

Front On

) [ADS lane_change_right]
Front only *after 55 " L el
- entry/vehide.nght_light = 1
N exitjvehide.right_ight = 0
— :
after 55
[vahidle.brake_push == 1)
Left On

entry/vehice.left_light =
exitivehide left_kght = 0

Rear On
antry/vehide brake_light = 1

exitivehide brake laht = 0
[vehicle brake_push == 0]
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Engine Off
[ .
engine.on anoine.off
*
Engine On
<narme>
-
. . ADS Disengaged ADS Engaged
name: <name:
[ ] > parked . Parked
2 -
[driver.auto_req || ADS engage]
, [dnvermanual_req || ADS.disenga fe] cnames
[vehidagear_position == “N" | out
wehidle gear_position 0 1 [vehide.gear_position == 1 .—’ F on
4 [vehicla.gear_position == "p"]
Ivehice.gear_ghsition == "N Il 3}y etuce,gear_postion == p*]
wehide.gear_pfsition == "0"] l 1 =
[driverauto_rea]
{ADS disengage] N Drive
" steenng 2 velocity cantrol * light control
@+ Stopped * . Front On
T_ . Pt FEE T S e [4D5.arrival || vehide.gear_pasition == "N"]
enter
Right <narm>
entry/vehuce handie_direction = |
f————% exit/vehide.handle_direction = 'C [vehide gear_position == "D" && (ADS.veloaty == 0 || [ ]
I | [aDS Jane_right >= 30 &4 ADS lane_left < 30] (ADS.fronk_dist > ADS.velodity - 15 &4 ADS. velocity > 0)) 4 [ADS Jane_change_right]
[ADS lane_right >= 30 && ADS Jane_left = 30] | B llﬂgsvm dist <= ADS, aebztv 15 B8 ADS.velocity > 0} || Front anly ! Sfar s 1 Right on
ADS lana_change_right || ADS Jane_change_left) - antry/vanide.fight_ight = 1
Accelerate Decelerate. - exitjvehicle night_ght =
— - s
E sh = ‘entry/vehide brake_push = 1 1 4
Ivehide.accel_push == 1}/ [vehide brake_push == 1/ADS.velodity -= 1
ADS velogty += 1 exit/vehide brake _push =
right < I >=
[4DS Jane_right < 30 && ADSJane_left >= 30] i vahide accel_push = 0 . , e
= ) (ADS Jane_change_left] [vehide brake_push == 1]
entry/vehide handle_direction = *L" [ADS front_dist > ADS.veladity - 15 &A ADS.velogity > 0] LeftOn
e after 55 [vehide left_light == 0 || vehide.right_light == 0] ::""““I:“‘:"I!‘;";:rf:; — Rear On
- entry/vehide brake_light = 1
exit/vehide brake liaht = 0
\

va A5 ) )
¢ |[HQ|}-“~
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[vehicle brake_push == 0]
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. ‘Engine Off
'
engine.on
1
>
. . ADS Disengaged
name rame
[ ] + parked . Parked
N [driverauto_req || ADS.engage)
. [drivermanual_rea || ADS.disengage] names
[vehida.gear_position == "N" | § Front Off
el ation = oy tvehide.gear_postion == '5") . A
- . )
[vahicie.gear_pasition == “N" || vahide paar. poshion == b
e A Ty
[driverauts. rea]
[ADS.disengage]
i steenng
* Conter *

entry/vehuce handie_direction =
'y + exit/vehidehandle_direction =
[ADS Jana_right >= 30 & ADS lana_left < 30]
[ADS Jane_right >= 30 && ADS Jane_left >= 30]

[4DS Jane_right < 30 && ADS Jane_left >= 30]

Left
entry/vehide handle_direction =
exit/vehide handle_drection = “C

7 LS
KU g
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Engine On
ADS Engaged
[vehicla gaar_position == "]
orive
2 velocity cantrol * light control
@ Stopped . .

(4DS.arrival || vehide.gear_pasition == "' ]

[vehide.gear_position
(DS fronk_dist > AD:

= "D" A& (ADS.veloaty == 0 ||
locity - 15 &4 ADS. valodity > 0))] '

1{ADS front_dist <= ADS.velocity - 15 B ADS.velocity > 0) || Prontenty
ADS ane_change_right || ADS lane_change_left] 2
Accelerate " Decelerate
entry /vehide accel_push = ‘entry/vehide brake_push = 1 [
Ivehicle.accal_push == 1}/ [vehide brake_push == 1/ADS.velodity -= 1
aty += 1 exitivehide brake_push = 0 e &
- e ' after 55
exit/vehide accel_push = 0 . PR na_chare_idk)
LeftOn

[ADS front_dist > ADS.velodty - 15 88 ADS.velodity > 0]
after 35 [vehide.left_light == 0 || vehide.right_light == 0]

entry/vehice.left_light =
exitivehide left_kght = 0

Front On

[4DS lane_change_right]
: Right On

entry/vehide nght_light = 1
exit/vehide.nght_ight = 0

2 -
after 55

vahicle brake_push == 1]

> Rear On
entry/vehide brake_ight = 1
exitivehide brake laht = 0
[vehicle brake_push == 0]
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. Engine Off
engine.on anoine.off
*
Engine On
<narme>
. . ADS Disengaged ADS Engaged
name <name:
L . Parked
-
[driver.auto_req || ADS.engage)
, [@vermanual_req |1 ADS.disengage] e
[vehidagear_position == “N" | .
vehice pear.position == "0"] ¢ 1|vehkda.0ear_position == °b")
" N [vehice gear_position == P ]
- [vehicie.gear_pasition == "N" || 1 . e ——
P L e
[driverauto_req
[ADS.disengage] ~of Drive
 steering # vetodity control *light control
. . @+ Stopped * . Front On
T_ . Pt FEE T S e (4D arrival || vehicke.gear_position =
enter
Right
L ‘entry/vshide handle_direction = |
0 ————* exit/vehide.handle_direction = *C [vehide gear_position =
V| (405 1ana_right >= 30 88 ADS Jane_ieht < 30]
[ADS Jane_right >= 30 && ADSJane_lek >= 34]

<narm>
"D" B (ADS.velodity == 0 ||
(405 front_dist > ADS.velocity - 15 &4 ADS.velocity > 0)
[ADS front_dis

[ ]
1 [ADS Jlane_changa_right]
ADS,velocity - 15 84 ADS.velocty > 0 || Front anly *after 55 " b o
ADS Jane_change_right || ADS lane_change_left 1 et atry/vehide.sight_ioht = 1
Accelerate Decelerate. - exitjvehicle night_ght =
e — s
wehsde accel_push = 1 ‘entry/vehide brake_push = 1 1 4
[vahicle accel_push == 1}/ [vahicle.brake_push == 1J/ADS.velocity -= 1
right < " >= aty += 1 axitivehice brake_push =
[4D5 lane_right < 30 & ADS lane_left >= 30] e oel_push = 0 N , T
= ) {ADS Jane_change_left] [vehide brake_push == 1]
entry/vehide handle_direction [ADS front_dist > ADS.veloity - 15 &8 ADS.velodity > 0] Lo
exveclehandie_drection - €~ fto 3o (vehideah,_ight == I verdaiht_igh e 01 entyehde et - L hesr on
‘antry/vehide brake_light = 1
axitivahice brake liaht = 0
[vehicie brake_push == 0]
\
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. ‘Engine Off
'y
engine.on
+
<narme>
. . ADS Disengaged
name crarme
[ ] + parked . - Parked
: ]
[anverauto_req [1 ADS angage]
. [drivermanual_req || ADS.disengage] names
[vehida.gear_position == "N" | - Front Off
vahica uar. poaition == 0’ Jivehide.oear_posttion == °p"] ™ o
, 4 . 4
[vehicle gear_position == "N" || 7 vahi r peskion == "
[driveraiko_req)
{ADS.disengage]
i steenng
T DSlane_nght >= 30 A& ADSlane_left >= 30]

Right
ntry/vehvcle handie_direction =
+ exit/vehidehandle_direction = °C

[ADS Jana_right >= 30 & ADS lana_left < 30]
[ADS Jane_right >= 30 && ADS Jane_left >= 30]

[4DS Jane_right < 30 && ADS Jane_left >= 30]

Left
entry/vehide handle_direction =
exit/vehide handle_drection = “C

1

7 LS
KU 238
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Engine On

“ veladty cantrol

@ stopped L
(4DS.arrival || vehide.gear_position == “N"]

ADS Engaged

[vehice gear_position == P ]

Drive

* light control

( Front On

[vehice.gear_position == D" & (ADS.velodty == 0 ||
(ADS front_dist > ADS.velocity - 15 &4 ADS.velocty > 0))] 1 1408 Jane_change_right]
[{ADS front_dist <= ADS.velocity - 15 B ADS.velociy > 0) I Prontenty e Right On
ADS lane_change_right || ADS lane_change_left] 1 et atry/vehide.sight_ioht = 1
Aceelerate Decelerate N exitjvshicle.night_ight = 0
entry, sh = entry/vehice brake_push = 1 (" '
[vahicle accel_push == 1}/ [vehicl.brake_push == 1/ADSvelocity -= 1
ADS welogty += 1 axitivehice brak_push = 0 or s
exit/vahice.accel_push = 0 - ' after 5
- . (ADS lane_change_ijft vehide.brake_push == 1]
Lefton

[ADS frone_dist
after 35 [vehide.left_

ADS.velogty - 15 88 ADS velogity > 0]
iight == 0 || vehsde.right_light == 0]

entry/vehice.left_light =

exitjvehide Jek_kght = 0 - fiear On

entry/vehide brake_ight = 1
exitivehide brake laht = 0
[vehicle brake_push == 0]
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