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w 37 URTE System Model

~ @81 Software Model
~ {3 Application
& LED
s Throttle Control
@l SWC ADC
@l SWC Contral
@l SWC Motor
» [ SWC Bootup
> [@ SWC Control Algos
» [@] SWC LED
1 Source-Folder Complex Device Drivers
1 Source-Folder Algorithms
> M RTE
> {2 RTOS
5 Linkage
» Tr DataTypes
> B Hardware Model
> % Logical Function Model
> Ef Requirement Model
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Software modeling

Each block represents a code file in which software functions are contained
Arrows represent data exchange
Chip-Ilcons represent hardware interfaces
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MRTE Software modeling

General concept:
Multiple diagrams within the same model possible with selectable data visualized.
Each graphical element can be selected and edited directly.
Rich toolset for diagram editing based on the SIRIUS framework.

v 57 uRTE System Model
~ @81 Software Model
~ {3 Application

& LED
& Throttle Control
? @ SWC ADC WriteLEDs
ReadButtons _____________IBJ |Pﬂ _______________ @ nte
» [@ SWC Control @SafetyBoard Buttons (P22.0 - P22. @ LED (@ @SafetyBoard LEDs (P02.2 - PO2.F
> [@ SWC Motor
> [@ SWC Bootup & LED_control
’ g :ﬁg (L:SDM'OI Algos % ReadButtons
i - - Q WriteLEDs
7 Source-Folder Complex Device Drivers N\
F7 Source-Folder Algorithms )("l LED_show_init
> H RTE )("l LED_show_operational
» RTOS (x)
» B Linkage *] LED_show_error
> Tr DataTypes )("l LED_show_sine
> Bl Hardware Model )("l LED_show_nightrider
> & Logical Function Model _6 LED clock (10/0
> B Requirement Model clock (10/0) :5?5
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MRTE Software modeling

Detailed view describes runnable execution

~ oF URTE System Model @ Control

v 81 Software Model % Run control
v (3 Application 5] throttle | - = setpoint ]
DO
& LED r : o 5
& Throttle Control H OnData
> [l SWC ADC e Sl
@
v D SWC Control Control_Algo_1 u Port New Throttle Data X
s Control )
% Runnable Run_control - Base configuration
% Runnable Run_control_check Name: @ |New Throttle Data
Description [Triggers the runnable to process a new throttle position
> @ SWC Motor @

> [A) SWC Bootup
» [@ SWC Control Algos
> [@ SWC LED
1 Source-Folder Complex Device Drivers
F7 Source-Folder Algorithms OnData Trigger order @ 0 ‘
> HRTE e Task @
> & RTOS
> [ Linkage
> Tr DataTypes
> M Hardware Model
> {3 Logical Function Model
> Bt Requirement Model

setpoint

% Run control check UserlD: @ [SWTriggerPort 28 |
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~ &7 PRTE System Model
~ 81 Software Model
> (2 Application
« M RTE
> 4 ActivationEngine
> 4= Signallayer
~ & SystemStates
& taskCentric_detailed
& taskCentric_grouped
«¥ PlantUML StateMachine
{?) SystemState operational
(@) SystemState error_detected
~ {7) SystemState init
& detailed task view for state init
» & StateHandler
> EYRTOS
> [ Linkage
> Tr DataTypes
> M Hardware Model
> &% Logical Function Model
> E& Requirement Model

Software modeling

Core/Task centric views for the data-flow
Also for specific system-states
Shows which software is active and which data is accessed
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~ 57 URTE System Model
~ 81 Software Model
5 Application
K RTE
& RTOS
~ H Linkage
~ g OutputSections
& new OutputSections Overview with Memory
B OutputSection trusted
B OutputSection .non_trusted
B OutputSection .RTE_globalLMU
B OutputSection CentralErrorHandler
B OutputSection .CPUO.TASK
B OutputSection .CPU1.TASK
B OutputSection .CPU2.TASK
B OutputSection TESTDEBUG.UNINT
B OutputSection TESTDEBUG.BSS
B OutputSection TESTDEBUG.DATA
B OutputSection .CPUO.DAS.BSS
B OutputSection TrapData
B OutputSection logging
B OutputSection GLOBALDAS.DATA
B OutputSection QM
@ ProtectionSets
Tr DataTypes
H Hardware Model
{3 Logical Function Model
E} Requirement Model

Software modeling

Linkage overview:
memory modules with outputsections and references to the outputsections
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+'Activation Engine globalData
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= .TESTDEBUG.UNINT| H TESTDEBUG.BSS

5 . TESTDEBUG.DATA

@BaseProtection @ BaseProtection

@ BaseProtection

£ WatchPool
@ previous_transition_table

@Drivers and Services
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@ ADC _error_counter
@ Motor error counter
@ motor state_buffer

ZDSPR1 global access

B.CPU1.TASK

= Control Stack
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@timebase
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w 37 URTE System Model
> 81 Software Model
+ B Hardware Model
s Hardware
{w) Sensor Throttle Pedal
~ B ECU ECU
s HWC ECU
> {3 MCU AURIX TC297
1 Actor Motor Controller
1 Actor Motor
> {3 Logical Function Model
> Ef Requirement Model

Hardware modeling

Modeling of functional and non-functional components
Hierarchical graphical representation

€1 Motor Controller

dThrottle Pedal Thrattle Channel 2 : Analog

Emergency Stop : Digital

Throttle Channel 1 : Analo Motor Control : CAN

Encoder : Digital
PWM : Power
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E} ADC 1 : Analogue E]
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~ 37 WRTE System Model

» 81 Software Model

> M Hardware Model

~ {& Logical Function Model
& LED
& Throttle Control
2 Logical Function Block Throttle
(] Logical Function Block Controller
& Logical Function Block Motor
@ Logical Function Block Buttons
& Logical Function Block LEDs
& Technical Function Throttle control
& Technical Function LEDs

> Bt Requirement Model

Functional modeling

Abstract representation of the system functionality
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~ 37 URTE System Model
» 81 Software Model
> M Hardware Model
> {& Logical Function Model
~ B} Requirement Model
s Overview
» & Package Top Level Requirements
v % Package Hazard and Risk Analysis
/\ Hazardous Event Not responding to manual driving command
/A Hazardous Event Not detecting obstacle
/A Hazardous Event Wrong actuator action
A\ Hazardous Event Wrong targetspeed / controlspeed calculation
@ Hazard Scenario Human crash
~ ¥ Package Safety Goals
(3 safety Goal Respond to user input
(3 safety Goal Stop in front of obstacle
(3 safety Goal Supervise engine
(3 Safety Goal Plausibility of targetspeed values
v ¥ Package Communication
h Safety Requirement Verify transmission pratocol

#* refined by Check structure and CRC of received XBee data package

7+ refined by Check age of transmission protocol
Safety Requirement Check age of transmission protocol
> [™ Requirement Dispatch received protocol

Requirements modeling

Derivation of requirements

Relationship (refinement/conflict) among requirements
Mapping to implementation units

@Hazard and Risk Analysis

f@Human crash

I&Nol responding to manual driving command

b Safety Goals

bRespond to user input

@Communication

'Eﬁ Verify transmission protocol

'Z]’Check age of transmission protocol |

'Zcheck structure and CRC of received XBee data package |

M
BFormuIa CRC calculation |
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Modeling in general

Besides graphical editing any element in the model can be edited with a lightweight GUI
The model is saved as XML for good manageability

H safetyBoard_AURIX.uRTEmodel 2 = O [OProperties 2

[ Resource Set

~ K platform:/resource/SafetyBoard_AURIX/SafetyBoard_AURIX.URTE
~ 27 URTE System Model
~ @1 Software Model
» 5 Application
~ M RTE
w % ActivationEngine
% CyclicEvent ADC
% CyclicEvent MotorWrite
% CyclicEvent MotorCheck
% CyclicEvent InitClock
% CyclicEvent Errar Counter clock
% CyclicEvent CANopen base
% CyclicEvent CANopen SYNC
% CyclicEvent LED clock
> = SignalLayer
» = SystemStates
> ) RTOS
> [ Linkage
> Tr DataTypes
> B Hardware Model
> &% Logical Function Model
> E& Requirement Model

Property
Description
Name
User-1D
SIL achieved
SIL justification
SIL manual
SIL manual reason
Trigger
Cycle time
Offset

Value

"= first timer event in the 100ms cycle, used to collect new ADC data. Offset is to give the error counter mechnism time to operate
‘= ADC

= CyclicEvent_73

=am

= derived/undefined

= RunnableTrigger RunTPart_ADCget

100
B
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