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D Rain Sensing Wiper

SWParameters : SoftwareConfigurationFila
Software system
Binary : Rain Sensing Wiper Software

: Deploy

Embedded hardware system
© WiperECUCommemmication © SensorECUCommunication

B, «allocated» } o sallocateds . .
Actuation : WiperInterface Interface Command Channel Processing Unit : ECU Infarface Coromand Channal RainSensor : IRSensor

«alocated, requirementRelteds
" Serial Data Channel

Interface Command Channel

implement the data
communication link between
sensor and ECU

Car : Car Electrical System Serial bus 5 used to T

Sensor compartment : Fix sensor
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FL wheel

“Part»
Frontleft :

«Cablex
ik : read (type &)

ecccccce e W T iV e0g0pscee

«Cable»
link

: read (type 4)

heel Sensor

AT LETILDELD HE— L8R - 511

[CE

ZONREHEBEDETIL

«Party
FL : Wheel-Brake Cylinder

ABS 4 Control Channelsf4 Senscrs
Sensars on Wheels Font/Left

<«Brakefnex

FL : transmit| fiuid i004

«Parts
FrontLeft : Control Channel

~taFrontLeft ABS

lirk : read (type A)
«Parts
ml e FrontLine : BrakelineFork <Brakeingn
ecce e Wi iooe00ccccccce

front : transmit fluid 006

«Parts»
Fluid Cantainer : MasterCylinder

«Brakeling>

rear : transmit fiuid iD06

«Part»
RearLine : BrakelineFork

«Brakeline»
RL : transmit fiuid 005

«Part»
RearLeft : Control Channel

aRearleft ABS

«Party

RearLeft ; Whesl Sensor

RL Wheel

«Brakeline»
RL : transmit fiuid i004

«Part»
RL : WheelBrake Cylindsr

RR.: transmit fluid i004

DWTEFDAVT(TL—a iR THEE

* MHAERET LGS, TER T RAEH MmO EREZE T I 5% &)

—’Da)m.\ﬂ]%ﬁo):E

—

TIL

«Brakeling»
front : transmit fluid 007

ABS 3 Contral Channels/3 Sensors
Front: Sensor on differential, Rear: Sensor on ¥heels

L) 0
'Y Car Differential
o FR whesl 5 i 00 0cececcccccccccccce =]
FR : Wheel-Brake Cylinder ° ]
° S «Parts °
. Front : Differential Senscr °
aParty . Glie) ° 5 «Part»
kel FrontRight : vheel Sensor | @ FL  Wheel Brake Cylinder 3 «Cablen 3 FR : wheekBrake Cylinder
FR : transmit fluid i004 ° «Brakelings ® front : read S P,
° FL : transmit fluid M04 s
: e e e =iy @ FR: transmit fiuid i004
° Front : Control Channel L4
«Parts o ° i Front o
FrontRight : Control Channel L] °
rontha s . Y
.+t FrontRigl «Cablex - 0000000000 POOOOIOOIOGO®
L]
L]
L]
o

«Brakeline»
RR_: transmit fluid i00S

Cahlex
lirk. lirk

«
s read (type A)

«Parts
RearRight : Contral Channel
-+ RearRight

«Eraksings i

RearRight : Wheel Sensor

«Party

RR : Whesl-Brake Cylinder
RR Wheel

«Brakeline»
+ fransmit fluid 005

rear

«Brakelines
RL : transmit fiuid 005

«eCables:

< read (type A)

«Parts
RearLeft : Control Channel

~aRearLeft ABS

«Brakelines
RL : transmit fluid i004

«Partz

RearLeft : Whesl Sensor

«Part»
RL : Wheelfrake Cyinder

RL whee!

«Parts
FluidCantainer

sster Cylinder

«Brakeling»
RR.: transmit fiuid i005

wParty
RearLine : BrakelineFork

«Party
Rearfight : Control Channel

«Cable»
link : read (type A)

2 RearRicht

«Brakelines
RR : fransrrit fluid i004

«Party
RR_: Wheel-Brake Cylinder

wParts
RearRight : Whesl Sensar

RR Wheel
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Embedded hardware system

owi

o «allocateds . . «allocateds
Actuation : WiperInterface Interface Cammand Channel Processing Unit : ECU

Interface Command Channel

0s ECUC icati
RainSensor : IRSensar

«allocated, reguirementRelateds»
Serial Data Channel

|

00000000
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Siggudes | —
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- Rain Sensing Wiper® &%

- ERICEHESH TEISEEAFEICETITRE
* FELEDL L, VAT LDEHDIREECE T, ELLUATLADBEHLTNS,
= I FER R (MTBF) - S fEAVEE C 5 T 19 D AR

4 —
Rain-sensing o
Wiper RSWDELET | e E5E:
DEI5
e
(1] (2]

o) 1+ O
e . o i,z’_ jn{i%«f i
k*ﬂ,ﬁﬂ SXETFIE ) )
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Rain Sensing Wiper® &%

« LI D RSWICEH T HHEAH DD T, BERITIBEBHEZBEIBITEVFET,

« RIROHIET HEIRZ . MEANR D FHDOERBICLEAT, LoEETNE BRXRIREE
AT,

/ Rain-sensing}{ } /ﬁ\
Wig))eéfigﬁ RSWDERFT | EaE
k*ﬂ,ﬁﬂ BGETFIE
(R
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Rain Sensing Wiper® &%
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_ Rain Sensing Wiper® &%
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3 WiperECUCommnunication

«allocateds
Interface Command Channel

%9

Actuation : WiperInterface Processing Unit : ECU

BRI DR FEDFTEDMHER

Embedded hardware system

(1]

«alocateds

RainSensor : IRSensar
Interface Command Channel

«allocated, reguirementRelateds»
Serial Data Channel

|

A
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HeE-EHmCHI 41 —RT7—R

AT LOEEH By

NEDUAT LTI — X
A—R5—REA—F(2E%IT5 Maintenance

TIOvRED AT LDER s 1 salocited>

Initialization

Rain 5ensing Wiper System

«includes

J—Zb'—ZFEﬁOD@{% . winclude»

- Include MBHIAATIL—RAT—R%

Car Electrical System «allocated»
i% d—J Automatic Wiping walocaietds

- Extend THISVEI%EEIZRT | EhnE P «includes» Actuate

1

«allocateds «alocateds
Manual deactivate Sensing
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SysMLE#F =18

* SYSMLEHETILIE, \o7r—OTEETS.

wpackage, requirement, zllocatads
3 Avromatic Wiping
Id = D001
Text = This system shall wipe sutomaticalhy the windshie...
wreguirement, 2llocateds
3 System Initialization
Id = D015
Tast = Systam intizl check-up wrequinements
3 Avtomatic Enablement
Id = 0011
orECUnEEnte Test = The system shall svtomaticsll...
3 Auvtomatic Disableman
Id = D012 wreqUirements
Test = The system shall sutomati.., @ Speed Adaptation to Rain Intensity
Id = 0013
pr—— Test = The wiping speed should be adapt...

- -
wraquirament, sllocstads wdariveRegts SELUIETEL X
3 Manval Disablemean. ave i . ?ﬂ:’jﬁ"'ﬂﬂ Speed Selection
Id = 0121 eriveRegts =
Test = The driver should b, Tt = The system shell offer thee..,

Requirement sub-package wderiveReqts wrefines
wpackage, requiremeant, zllocateds
3 Core Function:
Io = D002
Text = Identified Core Functions sTequirement=
(3 Faster with Greater Rain Intensit
Id = 0131
SrEqUIrEments “requinements Text = The mane rain the faster the wiping...
3} Sensing Function 3} Actuation Function
Id = {0zl Id = 00722
Test = The system shall be able .., Tast = The system shell b2 2.,

© Copyright IBM Corporation 2005
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FBIEL-EHO”ERF
- Containment: COBMRZEESIEL. HIEHDEERD . MOBEHDEZDFIZ, IBHAFNTLNIDERT
- <<trace>>: COMBRDESL. HAEHDEERDMIZ. HDOENYLNHE2DERT THRMEER]
- <<refine>>: COBEBZRDESIL. HAEHDERE MOEHDERT. BHONIDERT
- <<deriveReqt>>: COBERDESE. HAIEHDEET. MOEBEHEDEENRESNDIDERT

qackage. requirement, sliocateds
Q Aumwaiu’ Wiping
1d = 0001

Text = This sr*stem shall wipe alm:\mah:alh the windshie...
wrequirament, allocateds

[} System Initializatior :
Id = 0015 . .
Test = System initizl chack-up ® o o STEAVIEITEND"
3 Avtomatic Enablement
Id = 0011
“TEgUirements Text = The system shall sutomaticsll..,
3} Automatic Disablemen
ooz =LY, = e
Text = TheSystem shall automative, |, | ..\ 0eeeneseanepe @.Wdﬂ’i’!’?ﬂm to Rain Intensity
. K ¥ = 0013
wraces ' . Text = The wiping s;eed should be adapt...

o . : wderiveReqts . . .
. = . . . e .

Aerpigamant Slaesld- wderiveRedte . TequEeme

1d = 0121 . ederiveRege : 1d = oold
Text = The driver should be... . : Tet = fhE system shall DH? thre..,
Requirement sub-package : . aderiveReqts : W‘Eﬁ"'e"':
wpackage, récplernem.. allocateds 5 . .
@ Eore Functions . e .
Id =000 °°°ccceccccsssscse “ecceccccccssecsd * : :
Text = Identified Core Functions Jeguiremants .
@ Faster with Greater fom Intensit
Id = 0131
“requiramants wTEqUINEmEnTs Text = The more rain the faster the wiping...
@ Sensing Function (3 Actuation Function
Id = 0021 Id = D022
Test = The systam shall be sble ... Test = The system shall be ...
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EHDERTVATLODERITEITA

= VAT LDEREZEHORABIEL-EK
- <<satisfy>>: ZOEAREFESIL. VATLDERICEHDEEREERITS

Sub-systems Requirements
«requirementRelated, allocated, blocks
| 1) Rain Sensing Wiper s g «package, requirement, alocated»
. ) S @ Automatic Wiping
[ "o «blockProperty= Supply Voltage : V . «satisfy» I 3= U_'J'th_ — T T
o «blockProperty» PartMumer : ParthumberType o : 1 TEeXt = This system shall wipe automatically the windshield... |
o «blockProperty» CarSeries : CarSeriesType : .
o «blockPropertys SystemVersion : SystemVersionType o
o «blockPropertys isActivated @ Boolean * .. /USSR . . . e |
| 8 «blockProperty» isInitializing : Boolean «package, requirement, allocated»
@ InitialzeSystem () @ Core Functions
@ shutdown () [1d = 0002
| ® getStatus () | Text = Identified Core Functions
- Pracessing Unit asatisfy»
1 \ «requirements
«requirementRekted, alocated, block» ; | Q) Sensing Function
O ECU | Id = 0021
1 Text = The systern shal be able to sense the...
o link sensar : IRSensar =2
o «blockProperty» Register : kbyte g; _
® reboot () o 1 «deriveReqts
@ run() |
@ kil () «saflisfys
@ loadSoftware ( } | el s
o | @ Use dedicated ECU
Requirement Related I Id = 0221
Verifies = 3 2 5
e | Text = A Electronic Control Unit shall be used to ...
Satisfies = SysML Model::Requirements::Use dedicated ECU;...
Refines =

15 © Copyright IBM Corporation 2005 . All Rights Reserved.
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Block Definition Diagram& USRI =
= SysMLT Ay —>E ARG BBRDOER
= SysML7 Bv V12 &FE NS 1EHH:
- ARL—Par THE4E)
- Bt
= BEICIEZ=ZEDDEELHD
- IN—hk (BHIAATID)
- LI7L2R-5E (BHRAATLVEL)
- BHEDE

O 0Ooooag 0O 00 oooooaoao

o o o o 0 0 0o

*o @

«designBlock, block, allocated, requirementRelated:
€9 Rain Sensing Wiper [SS01-0101]
parts

«requirementRelated» Processing Unit : ECU [ECUO01w01]
«requirermentRelated» Windshield Attach : Sensor Attachement [S501-0101]
«requirementRelateds RainSensor : IRSensor [RSWOB-0117]
srequirementRelateds SWParameters : SoftwareConfigurationFile
«requirementRelateds Binary : Rain Sensing Wiper Software
«hlockProperty, requirementRelated» compare : SensorwindshieldRangeCompare
sensing and actuation : Sensing and Actuation
sensoreffectiverange @ SensorEffectiveRange
sensorwindshieldrangecompare @ SensorWindshieldRangeCompare
windshieldireffectiverange : WindshieldIREffectiveRange

references
«requirementRelated» Carwindshield : Windshield
Actuation : WiperInterface
Repairman : Maintenance
User : Driver
Car : Car Electrical System
car electrical system @ Car Electrical System
values
«hlockProperty» isActivated : Boolean
«blockPropertys isInitializing : Boolean
«designProperty: partsnum : PartMumberType
«designProperty» supplier : String
«designProperty» supphvoltage : W
«designProperty: operating_termp : C
«designProperty» program_memory : String
«manufacturedProperty» processtime : String
Operation

InitializeSystem ( )
shutdown ( )
getStatus ()

© Copyright IBM Corporation 2005 . All Rights Reserved.




- AVRZVRER

Internal Block Diagram& UV K=
= SERREICKAHICEDLE T RADHEEZIREILIERZHAGHELIHRERN N EIND
- HGERT. ERXOHEAEHLENEININDS, 6. BMED R TIEGLY,

SysMLORy 32—
e SysML/S—h

SwWParameters : SoftwareConfigurationFile o*

.
.
.
.
.
.
.
.
.
.
o®
.

: O WiperECUCommnunication  SensorECUGHmmmCation

«allocateds

: o
Actuation : Wiperlnterfaces Processing Unit : ECU «allocated> RainSensor : IRSensor
P . Interface Command Channel = g . + Interface Command Channel
> command M .
®4ecceccsccsccsccsccsccsscases S ¢ «allocated, requirementRelted»

e Serial Diata Channel

oooooo

EELT:?._Qa)Ei > bitstream Port : Sensor Compart=mant

Interface Command Channel

................... e
communication link between

Car : Car Elactrical System Serial bus is used to
sensor and ECU

Sensor compartment : Fix sensor

°®e
ooooooooooooooooooooooo
e,
.
®e

BEAEFTIAR

19 © Copyright IBM Corporation 2005 . All Rights Reserved.




- HEOBROED. ZDONRROEE~EREMEA

s EREEBLER. JO0VIDHRIT ARV RELTHES
s JAVIDEORMUDEEZEET S

«designBlock, block, allocated, requirementRelated»
© Rain Sensing Wiper [SS01-0101]

arts
= «equrementRelateds Procassing Unit + ECU [ECU01401]

o «requirementRelated> Windshield Attach : Sensor Attachement [$501-0101]
o «requirementRelated> RainSensor : RSensor [RSWOB-0117]

o «requirementRelated> SWParameters : SoftwareConfigurationFie

o «requiementRelated> Binary : Rain Sensing Wiper Softwiare

° perty, requi compare @

= sensing and actuation : Sensing and Actuation

o sensoreffectiverange : SensorEffectiveRange

= iverange :

ctiveRange

references
& «requirementRelated> CarWindshield : Windshield
& Actuation : Wipernterface
© Repairman : Maintenance
o User : Driver
o Car : Car Electrical System
o car electrical system ; Car Electrical System
values
& «blockPropertys sActivated : Boolean
& «blockPropertys slnitalzing : Boolean
© «designProperty» partsnum : ParthumberType
© «designProperty» supplier : String
o «designProperty» supplyvolage : V
o «designProperty» operating_temp : C
o «designProperty» program_memory ; String
o emanufacturedProperty» processtime : String

Swharameters : SoftwareConfigurationFile
Operation

@ IntalzeSystem ( )

® shutdown ()

@ getstatus ()

Software system

Binary : Rain Sensing Wiper Software
: Deploy

) WiperECUCommnunication

«allocated»
Interface Command Channel

Actuation : WiperInterface Processing Unit : ECU

Interface Command Channel

«alocated»
Interface Command Channel

«allocated, requirementRelateds
Serial Data Channel

«designBlock, block, allocated, requirementRelteds
) ECU [ECU01v01]

parts

references
ink wiper : Wipernterface

binary : Rain Sensing Wiper Software

values
«designProperty» operating_supply = ¥ = "4.9"
emanufacturedProperty» processtime : String = "50"
«designProperty» program_memory : String = "577"
«designProperty» register : String = "1,024"

Operation
reboot ( )

run ()
kill ()
loadSoftware ( RainSensingWiperSoftware )

RainSensor @ IRSensor

Car : Car Electrical System

Serial bus is used to
implement the data
communication link between
sensor and ECU

Sensor compartment : Fix sensor

© Copyright IBM Corporation 2005 . All Rights Reserved.
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= R—ME RGN —REL T, AV IDNEBDERICDEITIERTH D,
= IR—FDHREX, 1T ITRIZEKST. BRSNS

ENE)

o 0 binary

- 0 link wiper
@ il ()

v @ loadSoftware ()

i CarControl

g sflowPorts Port2

@ Part3

@ Port4

@ «flowPart= Pawer input
L0 igatishys (Core Funchions) : :
7 ssatisfys (System Calibration) Sce Command Channel Processing Unit @ ECU

ECU [ECU01vD1]

«dasignBlock, block, allocated, requirementRelateds
) ECU [ECU01vD1]

parts

references

o adesignPropertys operating_supply
o smanufacturedPropertys processtime
o adesignPropertys program_memary
o adesignPropertys reqgister

urationFile

: Deploy

«allocateds

7 ssatisfys (Use dedicated ECU)
™ sglocates (Car Electrical System)

Interface Command Channel

Car : Car Electrical System

link wiper : WiperInterface
o hinary : Rain Sensing Wiper Software

values
«daesignProperty» operating_supply : \VV = "4,9"
«manufacturedProperty» processtime : String = "50"
«designProperty» program_memory : String = "577"
«designProperty» register : String = "1,024"

- reboot () Binary : Rain Sensing Wiper Software Operation
@ run ()

@ reboot ()

@ run ()

@ kil ()

@ loadSoftware ( RainSensingWiperSoftware )

0 s ECUC scats
' «allocateds
. « Interface Command Channel

®woopoce

#alocated, requirementRelateds
Y Serial Data Channel

La a X

Serial bus is used to
implement the data
communication link between
sensor and ECU
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HmDBEBRDENA

= REDOERIE. BoERREOa D45 L—a DO EIRT S
= BEOEHEX. BB EEEAT IS, MEERIZ. MEBMIZEE . V719 L—a iR EL-YRE L

22

L=YUTZES

FL wheel

«Part

«Cables
link : read (type &)

FromtLeft : Wheel Sensor

AaFrontLeft ABS

®ecccccecccccccccpecccnce

«Parts
FL : Wheel-Brake Cylinder

Parts
FF. : Wheel-Brake Cylinder

FR vwheel

ABS 4 Coftral Channelsf4 Sensors
Sensorg on Wheels FontfLeft

«Brakefines

«Partx
FrontRight : Wheel Sensor

«Brakeline»
FR. @ transrit fiuid i004

FL : transrnit fiuid i004

“Parts
FrontLeft : Control Channel

. wParte

.
.
«Brakglines

A transmit Feigd inns |
.

FrontLine : BrakelneFork

“Parts
FromtRight : Control Channel

a FrontRicht ABS s ables

link : read (type A)
.J........,.....................

.
°
«Brakelines ,e°
ED « demmernit figl 90
.

., .
Tar, Differentja ©
FL Wheel vt b L FR Wheel
L] .
.
: «Part» :
. Front : Differential Sensor .
«Parts . . «Parts
FL : Wheel-Brake Cylinder 8 s . FR. : Wheel-Brake Cylinder
.
" front : read :
o t«Brak_?Ilge_s _504 —_— + «Brakeline»
12, 6 Ve WU DR P FR : $ransmit fluid i004
o Frant : Cantral Channel "
5 4 Front .
. .
. .
Boo0000g goooooloonooooooooooo g

“Brakelness
front @ transmit fluid 007

ABS 3 Control Channels{2 Sensars
Front: Sensor on differential, Rear: Sensar on Wheels
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BHEOBIZ. HIHERRLTORTFLOEHEDOBEEMEZRIET 5
JOYvIEEETDAEIIZ. FIHDRENZDHEI-EEREANVAIVRER

«designBlock, block, allocated, requirementRelzteds E§

© Rain Sensing Wiper [5501-0101] . G 0000000000000 0000000000000 IO Y DY S
«reguirementRelated» Processing Unit : ECU [ECU01v01]
«reguirementRelzteds W|nd5h|e|d Attach 1 Sensor Attachement [S501-0101]
«reguirementRelzted» RalnSensur.. IRSensor [RSWOB-0117]
«reguirementRelteds SWPH'EmEtETS SoftwareConfigurationFile
«reguirementRelzteds Binary 'Baln Sensmg Wiper Software
«blockProperty, reqmrementRelated» cnmpare SensorwindshieldRangeCompare
sensing and actuation : Sensing an.d Actuath;n
sensoreffectiverange : Sensanﬂ‘ec&veRange %,
sensorwindshieldrangecompare : SEI‘I!‘JJFWII‘IdShIETdREII‘IgECDmDHI’E
windshieldireffectiverange : Wlndshleld'iﬁEFfectweRa’nge

«constraintBlockes
i SensorWindshieldRangeCompare
&z InRange = RgComp(SensorEffectirRange, WindshieldEffectiveRange)
o «constraintProperty» InRange : Boolean
o «constraintProperty» SensorEffectiveRange : mm
o «constraintProperty» WindshieldEffectiveRange @ mm

o
o
o
o
o
o
o
o
o
o

. .
00000.............................................
.

O [nRange : Boolean

AV RIVRERK

L
conpare : SensorWindshieldRangeCompare
o
&= InRange = RaComp(SgnsorEffectirfange, WindshieldEffectiveRange)
o
Verifies = '.
2% | TracedFrom =

*, Satisfies = SysML Model: Reqmrements :Systemn Calibration
Reﬁnes =

T

.Sa'lsanﬁ"Edivd?mge:m \I'Wdielfﬁ‘edivd?mge:m
.....:......................:\......................

This part contains . .

internal constraints ‘. ‘e

CarWindishield : Windshield » This part contains
o internal constraints

o
®e0e0cc0900000000

RainSensor : IRSensor
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«designBlock, block, allocated, requirementRelated:

i Rain Sensing Wiper [5501-0101]
«requirementRelated» Processing Unit : ECU [ECU01v01]
«requirementRelateds Windshield Attach : Sensor Attachement [S501-0101]
«reguirementRelated» RainSensor : IRSensor [RSWOB-0117]
«reguirementRelated» SWParameters : SoftwareConfigurationFile
«reguirementRelated» Binary : Rain Sensing Wiper Software
«blockProperty, requirementRelated» compare : SensorWindshieldRangeCompare
sensing and actuation : Sensing and Actuation
sensoreffectiverange @ SensorEffectiveRange
sensorwindshieldrangecompare @ SensorWindshieldRangeCompare
windshieldireffectiverange : WindshieldIREffectiveRange

JOYyIDEEDN T

Jar IsCalibrated : Boolean

InRange : Boolean

compare : SensorVWindshieldRangeCompare
&= InRange = RgComp(SensorEffectirRange, WindshieldEffectiveRange)

SensorEffectiveRange : mm WindshieldEffectiveRange : mm

SwWParameters : SoftwareConfigurationFile

Software system

Verifies = o o
TracedFrom = 3 WiperECUCommnunication 3 SensorECUCommunication
Satisfies = SysML Model::Requirements::System Calibration salocateds I d

Refines = Actuation : WiperInterface Interface Command Channel Processing Unit ; ECU «allocated=» Rair

: cfile

Binary : Rain Sensing Wiper Software
: Deploy

Interface Command Channel

«allocated, requirementRelated:

Serfal Data Channel *
ains
aints Interface Command Channel
EffectiveRange : mm ) -
Car : Car Electrical System Serial bus is used to
; . ) - . : implement the data
RainSensor : IRSensor CarWindshield : Windshield Thls par: o trol T (R e e
) internal LablE b sensor and ECU
EffectiveR.ange : mm
24
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Control software

senumeration: _ «enumerations =blocks
= wiperspeed = wiperCommand %) Rain Sensing Wiper Software shloks
o SPEED_SLOW | | @ WIFER_START | ———— - ] 1 ? SoftwareConfigurationFile
o SPEED_MED & WIPER_STOP o cfile : SoftwareConfigurationFile - Mt ekl - — —
& SPEED FAST 3 a ey ECU O pinary : Rain Sensing Wiper Software

- | o sblockProperty Parthumber ; ParthiumberType 1 NE sblockProperty= SensorRange : mm-

® readParameters () | chile o shlockPropertys WindshieldIRR.ange : mm
o shlockProperty = PartMumber : PartiumberType

# computeActuationSpeed ()
# actuateWiper (s : Wiperspeed, ¢ : WiperCommand )
| @ measureRain ()

1
Deploy | - binary

1 Feas
] RSW Embedded System
«gxternal, alocated, blocks «requirementRelated, allocated, blodks .
) WiperInterface @ ECu srequirementRelated, blocks
[ | Serial attachment | ) IRSensor
: o «hlockProperty: Supply Voltage : V 1 1 | 0o «blockProperty= Register : kbyte |
& startWiper () ; o <blockProperty= Program memory : kbyte o «blockProperty» Wavelength Range : nm
@ stopWiper () o =blodProperty= Operating Supply Voltage @ V o shlodkPropertys= Supply Voltage : V
@ setSpeed () o <blockProperty» Supplier : SupplierType {4 4 | © sblockProperty» Output Terminal Voltage : V
| @ reset() | @ reboot () e e o shlockPropertys Operating Temp : C
: @ i Q0 Serial attachmen! © «blockProperty= Storage Temp @ C
wnterfaces @ kil () o «blockProperty Measured Distance Range : mm
(1] WiperECUCommnunicatior ® loadSoftware () o shlodkProperty= Average Supply Current : mA
| ] 0 shlockProperty= Supplier : SupplierType
! - .
ﬁ start':':flper 0 =flowSpedfication, allocated» o =hlockProperty= Parthumber @ PartfumberType
* stopWiper () ) SensorECUCommunicatior [ @ reset () ' ] ]
# setSpeed () | o «flowproperty = dataflow : Bitstream (n) | _ @ getMeasurement ()
@ reset() — o «flowpropertys syncflow : Bitstream {in) hlocks
«allocated, blodk» B i) PowersSupplyChannel
i) SensorMeasuremen ablocks
9 InterfaceCommanc B = SSPRpE ST
Cockpit Installation
Fix attachmeni
shlodks | ;&block.» sexternal, blodks <hlocks

) Sensor Compartemen| D AttachementAdhesive 3 Windshield 3 Sensor Attachement

eblpﬂcﬁrope__rty» Supplie_r_

o +d3|0.d<}.3r0pertya> Supﬁier o

o shlockProperty: Viscosity @ cP
=1

o

«blockProperty s Length : mm
sblockProperty= Wdith : mm
sblockProperty Thickness : mm

sblockPropertys Parthumber : ParthumberType

o «blockProperty Thickness : mm

o «blockProperty» Supplier : SupplierType |1 1
o =blockProperty= UvAbsarption : nm

o sblockPropertys IRAbsarption : nm

<blockProperty» Thermal expansion ; Real
=blockProperty» TensileStrength : psi

o oo o
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27 Main States

«allocatads
@@ Initializing
|2 UnsetInitializationFlag
) Initialization Protocol
#l| SetInitializationFlag
AllocatedFrom =

AllocatedTo = <<interaction=>SysML Modal::System Behavior::Interactions::Colkboration1::System initizlization
Verifies =

TracedFrom =

Satisfies = SysML Model::Requirements: :Automatic Wiping::System Initialization
Refines =

& Deactivated
) Wait for activation request

Unsuccessful intialization[] e cofil
Activation signal detected fitalzton successtu

«allocateds»
@ Activated

|#| UnsetIsActivatedFlag
¥} Sensing and Actuation
7| SetlsfctivatedFlag

Deactivation signal detected

AllocatedFrom =

AllocatedTo = < <ackivity>:=SysML Model::System Behavior::Main States::Regionl::Activated::Sensing and Actuation
Verifies =

TracedFrom =

Satisfies = SysML Model::Requirements::Automatic Wiping
Refines =
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= HEETV U -REBE-A02592 30

= ARZAVEIZEHS T, VAT LDOREIZREIEARIIZAYE—U D @IEFEEIRL . Ayt —U (LR
BT ATLNET,
- UML2IZEERT. BBEShERRX—a3a =45 —2 a3 REAMIV T LRIV TNV,

AT L

€9 car:CarElectricalinterface € ecu:IECUCarControl | | g9 sensor:SensorECU... | | {3 wiper:WiperECUCo...

1: initialize

/ 2: reset

2.1: ECUReady

31 reset

3.1: WiperReady
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__ EBEET) T - ERBAIIE-T UV T/4E T«

WBTE, F-HBMTBRELRRTED
- UML2.1IZEER T, fRIRSN=ET L

Rain Sensing Wiper Main

Rain Sensing Wiper Main

Rain Sensing Wiper Central Function

«Overwriter .
: InterfaceCommand : InterfaceCommand : SensorMeasurement - SensorMeasurement
«discrete, requirementRelzted, alocateds»
(= Actuate <allocatads [ Process Serial Data Channel [E Sense
Interface Command Channel
«allocated»
Interface Command Channel
* ControlValue + InterfaceCommand : InterfaceCommand

Action Control Channel

: Controlvalue

This action activates and [ ManualControl
deactivates the system upon allocatedFrom =
reception of a "Disable 5'9“3|- This AllocatedTo = =< <block=>>SysML Model::Systems::Dashboard button
signal is sent when the driver
presses a button on the dashboard. Verifies =

TracedFrom =

Satisfias = SysML Model::Reguirements::Manual Disablerment

Refines =
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BREEIMEDRER (1)

identification:Identification action:Action control:Control

«block, requirementRelateds:
i) Rain Removal System o< Interaction3

1) identification:Identification {5 action:Action €9 control:Control

@ initialization sequence ( )
@ rain removal function ()

1

*_ cansing 1
- identification
1: setjcmtingsmte

«block, reguirementRelated: «block, requirementRelated: 7 ’ P
i) Sensing @) Identification P
7’
ps

. -
o SensingError : Boolean , ﬁprepare actuation

@ handshake sensing () @ start ident‘rﬁmﬁnM r
@ sensing ( ) . -
® checkConsitency ()= /.1 : canrnJ/ a—Ju
*, /
Pad (
«block, requirementRelateds «block, requirementRelateds= » 7 " )
{3 Action i) Control P [if system s off] |1, ceart rain removal system
7

@ handshake action () @ inftialize system ()

@ prepare actuation ( ) @ setActuatingState ( )

@ start rain removal system ()

@ increase removal intensity () [if rain increase] |, . . )
1: | int

@ decrease removal intensity () increase removal intensity

@ remove foreign body ()
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* .- gansing

«block, reguirementRelated:
) Sensing o _
L]

o SensingError : Boolean
@ handshake sensing ( )
@ sensing ( )

@ checkConsitency () * L ction

«block, requirementRelateds
{3 Action

@ handshake action ()

@ prepare actuation ( )

@ start rain removal system ()
@ increase removal intensity ()
@ decrease removal intensity ()
@ remove foreign body ()

«block, requirementRelateds:
i) Rain Removal System

@ initialization sequence ( )
@ rain removal function ()

1
1
- identification [ Rain
«block, requirementRelated» e
i) Identification
el ~

«probability, continuous:#

= Foreign body

: Rain Measure

«probability, continuous:

—
. ~\ - «continuous» «overwrite»
@ start identification ( ) ‘: - - ¢ Rain Measure
—
~ = - _— 2 Sensing
~ >
trol . S
- contro : Sensi
(& Control ~ _ EEE TP EHTE
# v ~ ~ ) «discretes
- S S
«block, requirementRelated: B - = Identification
i3 Control -
- : Action command «discretes
- et ;
e e mm mm o Control stream (disable system)
&) Action

———————______>

@ inftialize system ()

@ setActuatingState () System scope

<<allocate>>

32
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BREEIMEDRER (3)

«block, requirementRelateds:
i) Rain Removal System

@ initialization sequence ( )
@ rain removal function ()

1 state machine

EY 1 & initializing
- Bensing
. : = Activities L)
. - identification ©) Control.initialize system T j_
el Control.setOnDashboardL|ght_ —_ = Activated

«block, reguirementRelated: «block, requirementRebtod” o wm == =-—-—-— -—— ':' il

- ’,‘) 4emwal
-

0 Sensing e == = = = = @rId&Enfitication e = ————
— -
”

Sensing states

A _ -
tivation [car key = on] = ' ctom deact‘wation[g sz= off]
- &2 Sensing &2 SensingErrar

o SensingError : Boolean P
@ hEndShEkE SEFIS"-IQ [ :I ® start identinication [ :I - - - P4 - 3 Sensing.sense rain ) Sensing.recovery

. - -
@ sensing |: ] - -t < <allocate> > ¢ system deactivation[car key = off]

@ checkConsitency () * .40, -control - e

-
* - - e -~ - Actuation states
- ”
-
«block, requirementRelteds = «block, requirementRelateds= P \a = =i

‘B Action m Control ~ o system deactivationfcar key = off] ¥) Action.actuate ) Action.idle
- control command [control = enable]
L
@ handshake action () @ inftialize system () = =) Gpesctiated
@ prepare actuation ( ) @ setActuatingState ( ) 21 Control.setOfDashboardLight
@& start rain rEmD"-"ﬂl SFStEm |: ] ) Control.waitForCommand
@ increase rErI'Il:l"u"El il'ltEl'ISit‘f |: ] |¢| Control.setOnDashboardLight
@ decrease removal intensity ()
@ remove foreign body ()

control command [control = disable]
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«designBlock, block, allocated, reguirementRelataeds»
9 Rain Sensing Wiper [5501-0101]

SensorEffectiveRange = mm WindshieldEffectiveRange : mm

o grequirementRelated» Processing Unit : ECU [ECUD1vO1]
o «requirementRelated» Windshield Attach : Sensor Attachement [SS01-0101]
o «requirementRelateds RainSensor : IRSensor [RSWOB-0117]
o« i »
requ!rementRelated SWPEmme_tet e —— IsCalirated - B
o «requirementRelated» Binary : Rain ¢
o «hlockProperty, requirementRelated:
o SEI'ISII'IQ and actuatlun . Sens'ng and ...Q......O...O...O...Q......O...Q...O...Q...Q..O...
) ) . . o
o sensoreffectiverange : SensorEffects : InRange : Boolean . *“ﬁ"]
) . . .
o sensorwindshieldrangecompare : Ser : cormpare : SensorWindshieldRangeCompare .
o windshieldireffectiverange : Windshie + | & InRange = RgComp(SensorEffectiRange, WindshieldEffectiveRange) .
. .
o | Verifies = :
+ | TracedFrom = .
- e | Satisfies = SysML Model::Requirements::System Calibration .
‘e + | Refines = .
: .
: .
: .
. This part contains
e, internal constraints
Oa ®oeocc0000d0000c000e
... W00 000OOSIOOGOGIOIOGOIOIOIS .- H .
. . . i
.'.. © | RainSensor : IRSensor |« E CarWindshield : Windshield s This part contains
e, M . . . internal constraints
®e : mm . ®eeccccccccsccscccce®
. eesescestscccccccce

>
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Sys

3 Control

Control stream (disable system)

System scope

1_

1

Maintenance

1

Car Electrical Systam

«allocated»
Manual deactivate

SWparameters : SoftwareConfigurationFle

Software system

«probabity, continuous»

3 Foreign body

+ Rain Measure

«probabity, continuous»

«continuous>
+ Rain Measure

(3 Sensing

«discreter
+ Sensng output
(3 dentfication

* Action command | _giscreten

Rr—XA

Rain Sensing Wiper System

«allocated»
Initialization
«include»
«include»

craguremant, slocated-
@n tanual Disablemen.

«alocated> oH
Automatic Wiping wlocated» =
cincluder Achat

SROXADHME

4/977?3

[ ChorvActon
¢ Interaction3.

(=]

1: setActustingState

repare actuation

[F system i ff] |1; start rai removal system

if ain increase
[ 1 |1: increase removl intensty

package, requsement, slocatets
@ Automatic Wiping
= 000
Tex = Thi system shallwipe suomstcaly the windshe..
sqiremen, slocaiede
Q Sy Inciafeatir
R
Vet = Syt il checep arsquramerts
@ Automatic Enablemen
=0
cqiremants Text = The systam shal avtomatical..
1@ Automstic Disablemen
"oz —
Test = The sysem shll scoms. @ Spaed Adsptation to Rain Intensity
= o3
— T = The wiping spesd shod bs adagn..
adiveRects .
rairamart>
“deriveReqre (@ Wiping Speed Sefection
= o0
Tex

e diver sho b The sysem shal offer ..

«includes o

salbcateds
Sensing

rement sub-package e

“package, reqramen, allocatade
@mm

=

r et o Functors weuremen
@ Faster with Greater Rain Intensit

B0

“ragquramans wrasuremants = The more rsin the aster the wiging

@ Sensing Function n Actuation Function

18- 0021 -

Tz = The system shal be sbie e The sy shllbo o

Binary : Rain Sensing Wiper Software

+ Deploy

O WiperECUCommnunication

<alogated>
Actuation : WiperInterfacel 1o OGN

Interface Cornmand Channel

Car : Car Electrical System

Processing Unit : ECU) <alocated:

Embedded hardware system
© SensorECUCommunication

Ttarface Conmmand Charl 1) RanSensor : Rsensor

«alocated, requrementRefteds
i Seral Data Channel

Seral bus s used to
implement the data

link between
sensor and £CU Sensor compartment :Fix sensor

0y DRNER

“dasinBlck bock slocated, equianenReted
© Rain Sensing Wiper [$501-0101]

wrequementRebteds Processng UNK - £CU [ECUO1Y01]

«requiementRelated» Windshiel Attach : Sensor Attachement [5501-0101]

eauramentRahteds Ransencor  Rsanior (RVI89117)
SWParameters :

eauramentidatads Sea: fah S W Sfare

“blockeroperty,

cenang and atkuatn : Sansng and ActuaRon

sensoreffectierange : SensorEffecteRange

windshildreffectiverange : WindsheidIREFectiveRange

«requiementRelated» Canindshield : Windshield

ar electrical system : Car Blctrical System
Valves
“block@roperty sActiated : Bnnhan
«bloci@roperty> sntalng
Pt it
«desgnProperty> supple : String
«desgubroperty> supplyvokage
«desguProperty» operating_temp : C
«desgnProperty» program_memory : Strng
«manufacturedProperty» processtime : String
opers

© Intialzesystem ()

 shutdown ()

© getstatus ()

AYJES

AE—F

i/ System state machine

@ initialzing

Acivies

'O Control.initialize system

el Control.setOnDashboardLight
= g 5 Actvated

Actites

'O Rain removal
Sensing sates
system activation [car key = on] system deactivation[car key = off]
@ Sensing

© Sensing.sense rain

@ SensingErmor
'O Sensing.recovery

system deactiation[car key = off]

‘Achuaton states

@ Actuating @ Watting

O Action.idle

system deactivation[car key = off] O Action.actuate

control command [control = enable]

@ Deactivated
#ll Control.setOffDashboardLight
© ControlwaitForComrmand

I¢| ControlsetOnDashboardLight e

«requirement»
@ System Calibration
Id = 0003
Text = The sensor shall be calbrated for the characteristics of the wins...
«verify»

@ Calibration test

Calibration test
: IRSensor
- Windshield
: SoftwareConfigurationFie

: Rain Sensng Wiper

A

© Rain Sensing Wiper

Range :Bodean
compare : SensontindshiedRangeCompare
& lanue = RgComp(SensorEffectiRange, WindshieldEffectiveRange)
Trz:edFrwm
Satifies = SysVL Model:Reaurements:System Calbration

Wik ectvehange : .
Ths part contans
ntemal constraints

Effecivehange :

Ransensor : Rsensor CarWindshield : Windshek

This part contans

internal constrants
EffeciveRange :

Sercorhange s vm Wehicange :mm

SWparameters : SoftwareConfigurationFie

Gibraton

INTARYYY

TR

© Copyright IBM Corporation 2005 . All Rights Reserved.



O N

EELGRAVE
* BB TRELIEE MM H A0, FFEICET SFRNAKREFREZRLAH D
= ERMGRGICHT EHINE AT LDLAL TR T HLHAZELY

SEBNALI-AT
= SySMLIZK->TOER-BMEETIY

ROBE
C VRFLIVS=TYLH OTOLRES R

© Copyright IBM Corporation 2005 . All Rights Reserved.



