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SYSTEMS ENGINEERING & USE CASE METHODOLOGY

REQUIREMENTS
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* Use cases are utilized for creation of System Requirements (Use Case and Supplemental)
* SYSML Diagrams are developed and traced to use case requirements via rational model manager, the
= diagrams allow for a System Architecture to be generated.
: é; * Systems team delivers package to the application team for development.
&

* System Integration Testing is performed through MIL, SIL and HIL. All test cases are stored in Rational
Quality Manager and traced back to each supplemental requirement.

Rhapsody: Use Case ) EE o Doors NG: Requirements —— “~ -~
Diagram ] — ==
System Architecture Rhapsody: IBD Diagram

Harmony Process

Systems Model based systems engineering utilizes SysML following the IBM Harmony

process to define the system behavior and interfaces in the IBM Jazz platform.

Engineering
Process




Example: Design A Hot Tub

Feature:

| want a hot tub that | can fill with
water and then turn on. Within one day
| want the temperature of the water to
reach a comfortable temperature. |
want to be able to set the water
temperature. | want to be able to turn
the hot tub off when not in use.

Oak Cabinet

Credits: IBM Spa Tutorial in Rhapsody

Very simple : Control the temperature of a given amount of water with a heat source.

system
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Defining Requirements In IBM Rhapsody: Use Cases

Use Cases

User story:

I want a hot tub that | can fill with
water and then turn on. Within one day
| want the temperature of the water to
reach a comfortable temperature. |
want to be able to set the water
temperature. | want to be able to turn
the hot tub off when notin use.

Use cases can be used to decompose

Contains use cases and requirements.
Also contains Rationales (e.g. results from other projects that determine a design

constraint).

*) The screenshots are part of the IBM Spa Tutorial
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Defining Requirements In IBM Rhapsody

IBM stores all individual elements in packages.

The actor package contains all actors.

The requirements analysis package includes the use
cases and the requirements.

Use cases are defined graphically.

Eltl RequirementsAnalysisPlg
-5 RequirementsPkg
=51 UseCaseDiagramsPkg

=1+ Use Case Diagrams

------ ﬁ‘: Main Use Cases with Requirements

P {i” Use Cases for SpaPoolTempControl Sy
- Use Cases

Contains use cases and requirements.
Also contains Rationales (e.g. results from other projects that determine a design

constraint).

Requirements

Analysis Package

*) The screenshots are part of the IBM Spa Tutorial . | mm




Linking Requirements To Use Cases

uc [Package] UseCaseDiagramsPkg [Main Use Cases with Requirements]

<Reguiremesis
Temperature Set Point

Set up system

The temperature set point must be adjustable by the operator,

Reqirements
Low Temperature Alarm

The system shall allow the operator to setfunset a low temperature alarm. With the alarm
set, the system will warn the operator when the temperature drops below the low
temperature set point (10 degrees C).

Actor: Operator in ActorPkg

~ A

Relations Tags Properties
General Description Value Properties Flow Propetties  Operations Ports Flow Ports Full Ports Proxy Ports
el ~| [0 v ArBIUA[E===ZA |

IrThis is the person/system that operates the control system. His name is Otto and he's not very bright.

Locate oK Apply J

-~

Operator

«Recpiremesis
Gain Factor Adjustment

The PID algorithm may be tuned by the operator by adjusting the gain factor for
each of the algorithm's terms.

«Reiremnisis
Sensor Calibration

The temperature sensor shall be capable of being calibrated in situ using a
three-point calibration process,

[rr—

RequirementsAnalysisPkg: :RequirementsPkg: :Operating Modes

1 -4
Operate system ’#‘h'aoe»
sincudels . Tl
. , straces -
Cantrol
temperature and
alarm
Handle alarm extends S T

The system shall be capable of being powered on and off, and when on, operating in
normal mode where the system maintains the temperature (heating is enabled) or standby
mode where the system does not maintzin the temperature (heating is disabled).

«Rerpiremesis
RequirementsAnalysisPkag: :RequirementsPkg: : Temperature Objective

The system shall be capable of reaching and maintaining a temperature of 43 degC.

ERp—

RequirementsAnalysisPkg: :RequirementsPkg: :Use of PID Algorithm

The system shall employ a tunable PID algarithm to control the temperature within
specified performance ratings.

A use case analysis allows the team to
focus on a limited and clearly defined
portion of the feature.

This increases the chances to look at
all facets of the feature and to
capture a larger portion of
requirements.




USE IBD To DESCRIBE THE SYSTEM

== Rhapsody uses an Internal Block Diagram to describe the
- - E system.
at:] temperature:degC
o — In this case we chose a model that describes the System
Under Control with one input (heat) and one output
(temperature).
A I The other model describes the Control System with one
output (heat) and one input (temperature).
S B Both models are black boxes in this representation but
— B we can drill down into both models.
This is an example for a simple system architecture with

only 2 blocks and 2 Interfaces.

System After requirement analysis we are able to define a system architecture with blocks
Architecture that define functionality and well defined interfaces.

» | DURA




Define System Context

bdd [Package] DesignSynthesisPkg [Context Definition]

The context is defined by the use
cases, the system under control, the
control system and physical

! Yq/ constraints:

wBlacks Oé'
Cont
wBlocks «wConstraintBlocks
SystemUnderControl S Values Heat Energy Equation Q
Vales Ehaat:ld:o Constraints ﬂT _ ==
= temperature:degC I remperature:cigc {0} {{deltaT} deltaT =t_sub_1-t_sub_0 + cooling... mc
= heat:ki=0 {BH{Q) Q = mcp*deltaT} r
Bq::JJeerer,degC=4.1855
H initialT:degc=39.5
E::;:iif;egc:o‘ms * where deltaT is the change in temperature of the water, degC
* Qs the heat input, k2
* m is the mass of the water = 720 kg
B i * ¢ is the heat capacity of the water = 4.1855 1/g/degC
i e dr heat_dat m
£ Dmerdons We need to transfer into the time discrete domain by using
B> ValueTypes .
:gfeg’c" . the heat output of the heater with 19 kJ/s for Q.
e [gpﬂ g_per_deg
]
Define system Define required value types.

context Define main elements described in the model




State Charts for the Elements

o gt o =
«Blocke =h «Block= 3
SystemUnderControl CuntrdSvstem
Values
E temperature:degC
4 = heatki=n L = heatiki=0
Eq:l:JJ:eer:er_degC=4‘1655 E temperature:degC
= initiaT:degC=39.5
= coslingRate:degC=0.0005
E mass:kg=720
o o o

St [B00K] Cortraiysten [Stalectin 6]

JsetTemperature(initialT);

JsetTermperature(heatFunction()); ® sTRY _l
M . ﬂl ® NORM

WATER TEMB.

. . State charts can be used to define the behavior of the blocks in the system
Define Behavior

architecture.

= | DURA




Simulating State Charts

| (B GormaiSeem [medert 6] |

br. A panel allows to visualize variables and enables

j CI— . user interaction.

- Here we have a simple control panel on the bottom
— x e | of the screen that allows us to turn the system on
and off and to change the system mode. The LED
% show the system state and the temperature display
____________ shows the simulated water temperature.
— The state chart provides an overview of the logic
we defined and we can either run it or set break
points or step through it.

Simulate Since we modeled the requirements we can now evaluate how the model behaves
Behavior and get buy-in from stakeholders.

Disclosure or duplication without consent is prohibited 13 | m




Simulating State Charts: SystemUnderControl

statechart_6 of ControlSystem in DesignSynthesisPkg - Contex.., == (s —
i = ﬁm gt i = i = LB °é,statechart_5 of SystemUnderControt in DesignSynthesisPkg - Context{0}->s G

A

/setTemperature(initialT);

® sy
Power [ @ Mode | & oo

< > = »_;4(
|

[setTemperature(heatFunction: (r

Complete System Rhapsody allows the developer to understand the state of the complete system by
Overview visualizing each sequence, state and activity diagram.

Disclosure or duplication without consent is prohibited 1 0/ 11 / 2018 m




APPLICATION SOFTWARE ENGINEERING

REQUIREMENTS
TRACEABILITY

Process Overview

. S
‘;“% m m 1. Application Team create software requirements and software design stored in DOORS Next

) m_m Generation and traces to system requirements

% — & 2. Application Team uses the Internal Block Diagram generated by systems engineering to import

5 to ANSYS SCADE

= 3. The ANSYS SCADE model is enhanced and traced to the system requirements in Doors NG

4. The ANSYS SCADE code generator produces the ISO 26262 compliant code in .c, .h, .m files, and
s-functions that can be ported into a Matlab/Simulink s-function

5. The s-functionis then runin SIL (e.g. ANSYS VRX or TASS Prescan) for “System Integration Tests”

Adaptive Gruise Deveiopment Camera Perspective

ANSYS SCADE Model Matlab/Simulink TASS Prescan or ANSYS VRX (Vehicle Simulation)

Apps Software The Application SW defines the SW requirements and SW architecture traced to the system
architecture. The generated code is 1ISO026262 certified. V&V is handled through MIL and SIL and HIL.

= | DURA
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Import IBD to SCADE
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Develop the Application Model in SCADE

B ) Enstied B B
.............................................. S s eS Tds R eE e e AE AR AR e S e e eR R Snanu e sap A e AN
(e sctive "
,,,,,,,,,,,,,, N0 .-
o3 on )
£ Brake > Pecalinn
woal_CrutseSpeed [H— 4
: ) Theottie Omd =
spend CraseReguation i \‘{ —
o {Aceel e Theottie Cmd
On ' |
— i ON b CruiseState not Uy Condion .~ ‘e @ INT —— Crisettze
‘ L, J
Accel S ThroetleCmd N S Resume _~
ON b CrutseState ,"] <=
2 Ol N ccel > Pedaishln b\ \
| \
i LT oy Y W— :, } { Stéby Condtion
Speed > Speeditax b/ 4 : : . . . .
& — d i[:  Automated HMI Display design-level connection for rapid
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Compile into 26262 compliant code

5 ForwardCollisionWarning.vsw - SCADE - FCW_Release:FCW_Warning_SM/FCW_Waming_SM_1

~Vigoeold . x plB@bie Elnllﬂﬂtthh-—‘*\-&oo? ;
“ﬂOEBﬁG!QQEHOHIUHIIEsHHNDKIEIEiﬂm -
m‘ v

Generate
ek

=l e =y
Categary Code Message ”

[8) Code Generator
@ ‘i infomaton Log Fles LOGFIL Log Fles.
& 4 infomaton Genersted Fies GENFIL KCG- Generated fles

o mapping i

o kog_metics ba

) FCW_Waming_SM_FOW_Smulation

o Radar_FCW_Simulation ¢

M) EPW Cdian v overage

< > Tracesbitty | Biwise
miﬂﬂ-ﬂ_lﬂu“- < > || Higher Order

) o o o

All application code is generated using an ISO 26262 complaint
and qualified code generator by TUV (no additional certs needed)
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vold Button_ABC_N(nC Button ABC_N *inC,
utC_Buiton_ABC_N *outC)

/* ABC_N::Button::5M1::55M_SM1_dispatch_sel */
SSM_Button_SM1_ST SSM_SM1_dispatch_sel;
if (outC->inity

outC->init = kcg.
SSM_SM1 _¢ spa(ch sel '~ SSM_SM1_Unselected__ABC_N;

else
SSM_SM1_dispatch_sel = outC->M_pre_;
switch (SSM_SM1_dispatch_: sEl){
case SSM_SM1_Locked__ABC_N
outC->foreground = white_ABC_N;

outC->background = green_ABC_N;
if (inC->Unlock)

outC->M_pre_ = SSM_SM1_Preselected__ABC_N;

else

outC->M_pre_ = SSM_SM1_Locked__ABC_N;
}

break;
case SSM_SM1_WaitUnlock__ABC_N
outC->foreground = black_ABC_N;
outC->background = grey ABC_N;
if{(ian>UnIock)
outC->M_pre_ = SSM_SM1_Unselected__ABC_N;

else

{
outC->M_pre_ = SSM_SM1_WaitUnlock__ABC_N;
break;

CERTIFICATE )
o 216 3408 55008 087




Port Code to different targets/development tools

ANSYS 4 MATLAB

[.1

void Button_ABC_N(inC_Button_ABC_N *inC, Settings ? x
outC_Buttan_ABC_N *outC)
{
/* ABC_N::Button::SMI::S5M_SMI_dispatch_sel %/
SSM_Button_SM1_ST SSM_SM1_dispatch_sel, % Code Generator KCG v
if{(‘)“tc’>'"i‘> Optimizations Corfiguration Compiler Build Simulation
outC->init = kcg_false; General Expansi arat Code Integration
SSM_SM1 _dispatch_sel = SSM_SM1_Unselected__ABC_N; =l SCD e 1/0s g Debug
}
e'{“ (O None
SSM_SM1 _dispatch_sel = outC->M_pre_;
} (®) Target |§m|.laor ~
switch (SSM_SM1_dispatch_sel) {
case SSM_SM1_Locked__ABC_N (O Adaptor FMU
outC->foreground = white_ABC_N; Mobile
tC->back d = ABC_N . .
{’f“(,nc,j‘n,gc“;)“" green-ABEL, Other extensio gl \d:nStand
{ mplorer
outC->M_pre_ = SSM_SM1_Preselected__ARC_N; [:I dSPACE A‘ Simulator
e L] MTC Instru
{ i Standalone Executable
_ _ Periodic ] .
}mnC >M_pre_ = SSM_SM1_Locked__ABC_N; ty Tlmlng and Stack Optlm|zer
break; Timing and Stack Verfiers
case SSM_SM1_WaitUnlock__ABC_N From root operator 4 na na a

outC->foreground = black_ABC_N,
outC->>background = grey_ABC_N;
if (inC—>Unlock)
{ . .
outC->M_pre_ = SSM_SM1_Unselected__ABC_N; D Userﬂm“dEd sensors declaration
}
else

outC->M_pre_ = SSM_SM1_WaitUnlock__ABC_N;

bzeak; Cancel Help

f.}

All generated code is portable (ANSI C, compiler, platform and OS independent, MISRA compliant)




Test Code with SIL (ex: ANSYS VRX) @ YRX....
LASS e

dashboard_PA

Headlamps View Car Tools Record Environment Deploy

Light Functions

D AccelPedalVal 0.0 ~
O VelThresh 00

&-F HostSmHamess

plannerVelocityCmd 1.8

M percepton
625,09, (00.00)

Mechanical Simulation

plannerYawRateCmd 0.0
plannerDurationCmd 1.0
actualVelociyCmd 1.98
actualYawRateCmd 0.0
actualDurationCmd 1.0

xPath (0.0.00, 00,00, 00,00, 00,
yPath (0.4,038,1.2.16,20.24, 28,
visiblePath frue., true. true. true. true.
obsXPos (0.0, 0.0, 0.0, 0.0, 4.2647e+

Demo_Highend_LBies

00,0} tre. faise,

obsYPos (11.85,0.0. 00, 00,00, 3
visObs fue. false. false, faise. false.  ,

SimPian

B T R T A R A A A

>

v B X Simulation

CarSim /oo

monoDrive

[0, 1.0, €0, 0)true)

4

cognata

2P0

Sruateratecraoge Gron

User data path : C:\OKTAL/SCANeRstudio

g For Help, press F1




Summary

e Use cases aid requirements development

* Requirements are defined as executable SysML models

* The Internal Block Diagram can be ported to other modeling tools (SCADE)
e SCADE allows code definition through models

* Models are evaluated for FuSa

e Code is automatically MISRA compliant

* The SCADE S-Function can be integrated in MatlabSimulink

* A number of tools can be used for SIL (e.g. TASS Prescan)

sure or duplication without consent is prohibited 1 0/ 11 / 2018 m
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