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Motivation

Table A.1 - Software safety requirements specification

(See 7.2)
= Most safety standards require semi-formal
. 1a | Semi-formal methods Table B.7 R R HR HR
or formal models for the architectural  [fomainspos e = | 7 [ 7 |
T ® | etuirements and i safware satty requrements | | | [ ™
d escrl ptl 0 n Of th e Syste m . 3 Backward traceability between the safety ca2n R R HR HR
requirements and the perceived safety needs
4 Computer-aided specification tools to support B.24 R R HR HR

appropriate techniques/measures above

NOTE 1 The software safety requirements specification will always require a description of the problem in natural
language and any necessary mathematical notation that reflects the application.

NOTE 2 The table reflects additional requirements for specifying the software safety reguirements clearly and
precisely.

NOTE 3 See Table C.1.

NOTE 4 The references (which are informative, not normative) “B.x.x.x", “C..X.X" in celumn 3 (Ref) indicate
detailed descriptions of techniques/measures given in Annexes B and C of [EC 61508-7.

*

Appropriate technigues/measures shall be selected according to the safety integrity level. Alternate or
equivalent techniquesimeasures are indicated by a letter following the number. It is intended the only one of the
alternate or equivalent techniquesimeasures should be satisfied. The choice of alternative technique should be IEC61 508
justified in accordance with the properties, given in Annex C, desirable in the particular application.

Table 2 — Notations for software architectural design

ASIL
Notations
A B C D
1a |Naturallanguage2 ++ 4+ ++ 4
1b |Informal notations 4+ 4+ + +
1c |Semi-formal notationsb + + ++ ++
1d |Formal notations + + + +

2 Natural language can complement the use of notations for example where some topics are more readily expressed in
natural language or providing explanation and rationale for decisions captured in the notation.

b Semi-formal notations can include pseudocode or modelling with UML®, SysML®, Simulink® or Stateflow®.

NOTE UML®. SysML®. Simulink® and Stateflow® are examples of suitable products available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by 150 of these
products.

1SO026262
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Example of a complex safety system — StudentCar (Corona Lab@Home)
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Trying to understand / maintain the architecture
from code

Some metrics
= Files 318 | :
= Functions 1.947 S

= Lines 239.369 -

= Code Lines 53.269
= Comment Lines 08.848
= Executable Statements 19.839
= |nactive Lines 52.064

= Preprocessor Lines 43153 s

_RTE_Safety,

//get current system state
const RTE_SystemStates_t currentSystemStat

TE_CAE. getSystemState();

//event indicator
RTE_uint8_t ev_buf=e;

//event detection

/1---- CAN_dispatch_clock

//increment count variable
this-»>m_TickCount[ce_CAN_dispatch_clock]+=RTE_TAE_SAFETY_CT;

Jicheck if we hit an overflow

4 ((RTE_TAE_SAFETY_CAN_DISPATCH_CLOCK_CT+RTE_TAE_SAFETY_CAN_DISPATCH_CLOCK_OF )<=this->m_TickCount
//reset counter
this->m_TickCount[ce_CAN_dispatch_clock]=RTE_TAE_SAFETY_CAN_DISPATCH_CLOCK_OF;

pe ‘lane = "Yask_nTE»saFely .
.usStackDepth = TASK_SAFETY_STACKSIZE,
-pvParameters = NULL,

_uxPriority = TASK_SAFETY_PRIO,
-puxStackBuffer = task_safety_stack,
_xRegions =

" RTE_TAE_SAFETY_MEMPROTSET

3167 void CANOPEN_tx_run(RTE_Triggers_t triggerPort, Signal FAULHABER_nmt_out& sig_ {17000y comne expanded sucrosmd mtsgrate ngets
e {_rte_1PC_start_, (uint32_t)_rte_IPC_end_-(uint32_t)_rte_IPC_start_, portMPU_REGION_READ_WRITE},
/i1 1 N 1 1 buff {ADRL_RTE_TAE. Iﬂ BEGK". (uint32_t)ADRL_RTE_TAE_RW_END-(uint32_t)ADRL_RTE_TAE_RW_BEGIN, portMPU_REGION_READ_WRI
313 /local IN signal value buffers {ADAL_RTE_POOL_SAFETY_BEGIN, (uint32_t)ADRL_RTE_POOL_SAFETY_END- (uint32_t JADRL_RTE_POOL_SAFETY_BEGIN, porthPU_|
319 Signal FAULHABER_nmt_out::data_t FAULHABER_nmt_out_data
320 signal _FAULHABER speed_out::data_t FAULHABER_speed_out_data; /+7000: autonate */
321 signal FAULHABER state_hut::data_t FAULHABER_state_out_data; R RPN NI DA LD
322 {(void* )PHERIPHERAL_BLOCK_M7, PHERIPHERAL_SIZE_M7, portMPU_REGION_READ_WRITE},
323 //Start of user code implementation CANOPEN_tx_run
324
325 ATE_ret_t ret;
326
327 switch (triggerPort) -
p28 { * Structure containing driving limiting parameters like maxSpeed
329 case RTE_swt_TI_CANOPEN_tx_run_FAULHABER nmt_out_onData : “
EE) ret = sig IN_FAULHABER_nmt_out .get (RFAULHABER_nmt_out_data); __attribute__ ((section (“COMMON®)}) Signal CONTROL_limits gds_CONTROL_limits;
331 ret = CANOPEN__FAULHABER_setNMT(FAULHABER_nmt_out_data);
332 break;
333 1" signalPool SAFETY
334 case RTEswt_TI_CANOPEN. tx_run_FAULHABER state_out_onData :
335 sig_IN_FAULHABER_state_out.get (8FAULHABER_state_out_data); /{---- Data signals in pool SAFETY
3 CANOPEN__FAULHABER _setState(FAULHABER_state_out_data);
pas — _setstate( _state out_data) 5 /+**\brief Global signal instance for data signal "FAULMABER state FL_in"
337 break; .
338 N
339 case RTE_swt_TI_CANOPEN_tx_run_FAULHABER_speed_out_onData : o
348 ret = sig IN_FAULHABER_speed_out.get (RFAULHABER speed_out_data); __attribute_ ((section ("SAFETY"))) Signal FAULHABER state FL_in gds_FAULHABER state FL_in;
341 ret = CANOPEN__FAULHABER_setSpeed(FAULHABER speed out_data);
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Alternative view

FAULHABER decoder in

FAULHABER _speed_in

FAULHABER _speed_out

B swc_Rremote =] swc_Control B swc_engine
CONTROL_position
DI =P DO Dl 1%
ol REMOTE _event_out Do
m [~ 56 CONTROL _limits o=
REMOTE_event_in »| DI
DO P DI
] 2
CONTROL_joystick DO CONTROL targetspeed » o

Control Algorithm
XBee remote control. We do not

need an extra UART SWC, as we
have a 1-1 relation from the
UART hardware to Remote

Q Bootup

This component is responsible for the device's initialisation.
After successful termination, the system will enter the normal
run state

Engine Complex Device Driver

DI DO | DO |
SWC_BSW_CanOpen

FAULHABER _state_out

FAULHABER_nmt_out

FAULHABER _state_RR_in

FAULHABER state_RL_in

FAULHABER _state_FL in

FAULHABER state FR_in

hda
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What do we expect from a good model?

SysML AUTOSAR

Static structure of the system

= What components are present in the system
= What are the responsibilities of the components

= What relations do | have between the components

Behaviour of the system
= Data flow between the components
= Execution events of the runnables

Some important technical details

= Execution context (core, task) of runnables
= Memory pools and memory protection

= Timing behaviour of the system
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How about an own modelling language?

Goal:
Simple modelling of the structural and runtime behaviour
of single and multicore safety architectures.

Re-inventing the
wheel?

Functional Requirements:
Describe (safety) requirements
Create high level conceptual (functional) models
Model the hardware (block diagram)

Develop a (hierarchical) software model focussing on («.,«

structural elements, signal flows and activation triggers -

Create C/C++ code for different controllers and RTOS b

Support safety assessments (model check, documentation) U Yy
Non-Functional Requirements: 4 j

Expressive models P

Well readable code - 4

Ease of use
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Our Use Case — Electronic Throttle Control

Start the engine by pressing a
hutton seguence
Contral the car speed by pressing
the speed pedal

fﬂ_,ff

Togale forwardfhackward driving by
Driver pressing a direction buttan
k Brake the car by pressing a brake
hutton
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Layer 1 - Requirements View — Safety Focus

FOW LRSI T IR IR

v <+ Requirement Model
» <= Req Package Functional Requirements
w <4 Req Package Hazards and Risks
+ 4 Hazard Scenario Unintended start of the engine
<+ Hazardous Event Driver activates engine unintended
4+ Hazardous Event Engine state changes due to a software bug
<+ Hazardous Event Car starts without driver being present
» 4 Hazard Scenario Engine changes speed in an unintended manner during driving
w < Req Package Safety Goals and Safety Requirements
4+ Safety Requirement State varable may only be changed by FSM event
< Safety Requirement Pedal position must be read by redundant sensors
<+ Safety Requirement Control speed value must be calculated redundantly
4 Safety Requirement Detect hardware problems (broken connections, bad connections, short circuits) of pedal ADC value
4+ Safety Requirement Wrong button sequence when starting car must be detected
<+ Safety Requirement Actor supervision: current speed must be compared with control speed
4+ Safety Requirement Calculated control speed variables must be compared / supervised between 2 ECU's
< Safety Requirement Calculated state variables must be compared / supervised between 2 ECU's
w 4+ Safety Requirement Detect hardware problem of brake button (short circuit / broken line)
% Requirement Relation contains
<+ Safety Requirement Run button selftest in software
4 Safety Requirement Brake button signal must be read from redundant sensors
4+ Safety Requirement Current speed must be checked for plausibility
4 Safety Goal Avoid starting the engine without a clear driver interaction
4 Safety Goal The gas pedal signal must be reliable
4 Safety Goal Engine curre
4 Safety Goal State change
4 Safety Goal Limit reverse PoPeY Value
4 Safety Goal The brake by Deseription =

| Tasks [T Properties |

Function type [Protection_Function
# Safety Goal Calculated ¢ Hazardevent “Hazardous Event Gas Pedal pasition reading issue
Id I=d3cfat0-2473-4936-8765-124630eabdcc
MName Fhe gas pedal signal must be reliable
Safe state Zlow down / stop

e

CHECHUL F AR TS
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“Safety Requirement Detect hardware problems (broken connections, bad connections, short cireuits) of pedal ADC value, Safety Requirement Pedal pasition must be read by redundant sensors
=

Safetyrequirement
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Layer 2 — Functional View

Input Gas Pedal ADC SG1 - The gas pedal signal must be reliable (ASIL B)

[

<= Pedal Position

SG2 - The brake button signal must be reliable (ASIL D) SG4 - Calculated Control Values must be correct (ASIL D)

Input Brake Button

—

. SG3 - Engine current speed must be in line with control speed (B)
< Button Brake

SG7 - Limit reverse speed (QM)

Input Direction Button |

Output Engine

;I_LI Logic Engine Control

<= Current Speed

<> Button Direction

Input Ignition Button | Lagic IgnitionSequence Detection Output LED

Input Ignition Button Logic IgnitionSequence Detection 4 Button1..2
[j <+ Ignition LED EE

[] <> Button1..2 E]
< Driving State

—-1

A

Logic Engine Control

SGE .
SG6 - Avoid starting the engine without a clear driver interaction (QM) S u b_VleW

hda
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Layer 3 - Hardware View

4 <<Sensor>> Potentiometer Channel 1IJ_| Pedal Position : 0..5V analog

4 <<ECU>> PSOC 2

Brake : GPIO

- Reset : GPIO <<ECU> > External Watchdog

4 <<Sensor>> Brake —I Watchdog : Alive/Window/QA D

—
L Mgl

Direction ;: GPIO

4 <<Sensor>> Direction Ignition : GPIO

ControlSpeed : PWM
| | SystemOk : GPIO

Engine Mode : GPIO (2)

4 <<Sensor>> Ignition
CurrentSpeed : Decoder

[

| -
<4 <<Hardware>> EmergencyOff Relais

< <<Actor> Engine

[—| Vbat : Power
-1

h da
L — ewC 2021 DIGITAL | A showcase for model based code generation for multicore safety systems | Prof. Dr.-Ing. Peter Fromm | (c) H-DA, FBEIT

et 12




Layer 4 — Software Component View

so_myControllerState B <<swc>> Monitor
B <<swe>> ecucom [ "l DO .
) < <SWG> > Emerdenevarth. " PSOC1 will use internal watchdog, PSOC2 external
so_otherControllerState DI DO so_engineOff = sl
DO DI
)
1 Dl
DO
so_brakeButton
DI
DI DI DI
We will read and check the - s0_targetSpeed
2 sensor values so_pedalPosition so_controlSpeed
DO
so_currentSpeed
=] <<SWC>> Control
B <<swcs> pedal so_pedalPosition Only PSOC2 will provide engine drive signal. Both will read decoder signal
- '
DO "1 i
DI [ so_targetSpeed
DI
Q <<SWC>> Buttons 0_brakeButton
DO
DI
so_ignitionButton
DO
so_enginelnfo
so_directionButton
DO
Q <<SWC>> HMI

so_errorinfo

Not really required - button states can

also be refreshed in the control and

monitor runnable
hda
LN VSREITY O AR 17 120
b . .
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Layer 5 — Software Runnable View

From pedal

To diagnostics monitor

DI

hda
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so_pedalPosition

DI

Tl

Q <<SWC>> Control

<f> CTRL_d

heckU

serlnput_run

DO
ORDats yesn=nses
: so_event
v
Tl DI |
<> CTRL_state_run |

so_targetSpeed

DO

so_targetSpeed
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Layer 5 — Software Runnable View

<> PEDAL_readCheckAdc_run

Q <<SWC>> Pedal

DO

so_pedalPosition

=

Will read both ADC

O iiieninnnn

"4

OnError

Tl

<f» PEDAL_errorHandler_run
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Layer 5 — Software Runnable View

v @ platform:/resource/ElectronicThrottleControl/ElectronicThrottle.multicorerootlayer
v 4 Multicore Root Model
v [ SW Model
v 4 SW Application SW Application
v Bsw Component <<SWC>> ECUCom
“1. SW Data Port DataPort1
1. SW Data Port DataPort2
> <> Runnable <<run>> ECOM_readProtocol_run
> {f>Runnable <<isr>> ECOM_uart_rx
> <> Runnable ECOM_writeProtocol_run
» </>Runnable ECOM_errorHandler_run
> [ SW Component <<SWC>> Pedal

)

> = SW Component <<SWC> > Buttons

> [ sw Component <<SWC>> Control

> Q SW Component <<SWC>> Monitor

> [ sw Component <<SWC>> HMI @ Tasks [ Properties |

> [ SW Component <<SWC>> Engine

> [2) SW Component <<SWC>> EmergencyOff Property Value

v RTERTE RTE Age Max ‘o

> (M Activation Engine : g

v SL Signal Layer Age Min
(™ signal Pool Allow ptr access  alse
= Signal Data Object so_otherControllerState Descri pliﬂr‘l =
= Signal Data Object so_pedalPosition
= Si:nal Data Object so_brakeButton Id I2378028f-d21a-46d8-9%9a2-a7e4af942d12
= Signal Data Object so_currentSpeed Indriver =
= Signal Data Object so_enginelnfo Init Value =
<4 Signal Event Object so_engineOff )
¥ Signal Event Object ev_protocolComplete Inline "alse
< Signal Data Object so_controlSpeed Is Local Lfalse
= Signal Data Object so_errorinfo MName IFo otherControllerState
= Signal Data Object so_myControllerState =
= Signal Data Object so_targetSpeed On Data -
> Signal Data Object so_ignitionButton On Driver L=
= Signal Data Object so_directionButton On Error :‘-ﬂw Tri-gger Part Trig-gerPnrt‘I
= Signal Data Object so_maxSpeed Outdri =
= Signal Data Object so_direction Hmer —
= Signal Data Object so_ignitionState Signalpool =
= Signal Data Object so_controlinfo Type g
= Signal Data Object so_event

hda
E%;’;E,ggm;a;ggm:w ewC 2021 DIGITAL | A showcase for model based code generation for multicore safety systems | Prof. Dr.-Ing. Peter Fromm | (c) H-DA, FBEIT

16



Layer 6 - Code

Signals with fixed API
(local or global)

Software Runnables with references to the connected signals

Signal REMOTE event in struct
REMOTE event in data t

-m_value:Signal_REMOTE _event_in:data_t
-m_status:RTE_SignalStatus_t +m_ev EVEMT _in_t
-m_timestamp:RTE_SignalTime_t ——= +Im_lenothPayload:uinta_t

void CONTROL_drive_run(RTE_Triggers_t triggerPort, Signal_ CONTROL_carstate& sig_IN_CONTROL_carstate, Signal CONTROL_joystick& sig_IN_CONTROL_joystick,
Signal CONTROL_position& sig_IN_CONTROL_position, Signal CONTROL_limits* const p_sig_OUT_CONTROL_limits,

-zetStatusivalid:RTE_ret_t
-setStatusvalid_ISR:RTE_ret_t
+Signal_REMOTE_event_in
+initRTE_ret_t
+yalidate:RTE_ret_t
+getStatus.RTE_SignalStatus _t
+setStatusinvalid: RTE_ret_t
+setStatusinvalid_ISR:RTE_ret_t
+igvalid:RTE_boolean_t
+gethge RTE_SignalTime_t
+getRTE_ret_t

+setRTE_ret_t
+zet_|SRRTE_ret_t

n

hda
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fbeit
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+m_pavloaduintd_tPROTOCOL_H
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Signal CONTROL_targetspeed* const p_sig OUT_CONTROL_targetspeed){

/flocal IN signal value
Signal_ CONTROL_carstate
Signal_CONTROL_joystick
Signal_CONTROL_position

MOTE:The carstat

buffers

::data_t CONTROL_carstate_data;
::data_t CONTROL_joystick_data;
::data_t CONTROL_position_data;

//Start of user code implementation CONTROL_drive_run
e is ignored in this first draft !*/

RTE_ret_t result = RTE_RET_NO_STATUS;
RTE_ret_t valResult = RTE_RET_NO_STATUS;

Signal CONTROL_targetspeed::data_t targetspeed_data = CONTROL_TARGETSPEED_INIT_DATA;
Signal CONTROL_limits::data_t limits_data = CONTROL_LIMITS_INIT_DATA;

//Get the data, ig

result = sig IN_CONTROL
result = sig IN_CONTROL

//Check for Joystick si

cases at the moment, should be done by application (hacky)

_carstate.get (&CONTROL_carstate_data);
_joystick.get (BCONTROL_joystick_data);

gnal age

if (triggerPort == RTE_swt_TI_CONTROL_driue_run_lﬁ_ﬂms”

switch (CONTROL_car

{

case @ : DRIVE_@::calibrate_run(sig_IN_CONTROL_joystick, &targetspeed_data); break

state_data.m_algoIndex)

ffCalibration test

case 1 : DRIVE_@::manual_run(sig_IN_CONTROL_joystick, &targetspeed_data); break; //Manual
default : /* call error handler */;
}

ffusbLog.printf_d(L

}

og::DBG, "CTRL_calcspd”, "y,x,phi", 3, (double)targetspeed_data.m_vy, (double)targetspeed_data.m_vx, (double)targetspeed_data.m_vphi};
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Layer 6 - Code

Runtime Environment
(Runnable Activation)

Linker Control File and
Task Configuration (MPU)

SECTIONS{
/* In MonoBlock linkage mode, all data will be linked to a single section

* Memory will be allocated at RAM ()
=
.RTE.MONOBLOCK : {

. = ALIGN(/* Start of user code monoBlock_alignment_start */
_AE_Monoblock_Size_p2
/*End of user code */);

PROVIDE (ADRL_RTE_CAE_RW_BEGIN = .);
PROVIDE (ADRL_RTE_TAE_RW_BEGIN = .);

/* CAE data */
*(.rte.cae.base)

/* TAE "Safety" */
*(.rte.tae.Safety.state)
*(.rte.tae.Safety.AliveMon)

/* TAE "QM" */
*(.rte.tae.QM.state)
*(.rte.tae.QM.AliveMon)

. = ALIGN(/* Start of user code monoBlock_alignment_CAE_RW */
_CAE_region_Size_p2
/*End of user code */);

PROVIDE (ADRL_RTE_CAE_RW_END = .);
/* Start of user code monoBlock_assert_CAE_RW */

ASSERT (((ADRL_RTE_CAE_RW_END - ADRL_RTE_CAE_RW_BEGIN) == _CAE_region_Size_p2),

/*End of user code */

/* Runnable Monitor/Trace per TAE*/
*(.rte.tae.Safety.RunMon)
*(.rte.tae.QM.RunMon)

BZREEHUL E NARMETANT
LNIVERSITY OF APPLIED SCIEKEZS
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RTE CCAE

-m_currentSysternState RTE_SystermnStates_t
-m_taskinfo:TaskStateEntry_t
-AlivedonAliveMonState_t

-TaskinitRTE_ret_t
-TaskAliweResponse:RTE_ret_t
-StateHandlervaid

+RTE_CCAE
+InitPreQstime:RTE_ret_t
+Init0Stime:RTE_ret_t
+geiTaskiD:RTE_TaskiD_t
+getTaskMailbox RTE_COS_Mhbx_t
+getTaskRunState TagkState_t
+geiTaskAlive State:AliveMon State_t
+getTaskinfo TaskStateEntry t
+getSysternState: INLINERTE _SystemStates_t
+TaskTick: RTE_ret_t
+TaskTick_ISR:RTE_ret_t
+iaithextEv.RTE_ret_t
+AllTasksAliveRequest:RTE ret_t
+AllTasksAliveRequest_ISRRTE _ret_t
+AlTasksAliveCheck RTE_boolean_t
+AllTasksAliveClearRTE_ret_t

TaskStateEntry t

|

|

|

|
A

RTE TAE Safety

-5 _COMTROL joystick:Signal _CONTROL_joystick
-ds_CONTROL_position:Signal_CONTROL_position
-ds_COMTROL targetspeed:Signal_CONTROL_targetspeed
-ds_FAULHAEER_ decoder_in:Signal_FAULHABER_decoder_in
-ds_FAULHABER_nmit_out:Signal_FAULHABER_nmmt_out
-ds_FAULHAEER_speed_in:Signal_FAULHABER_speed_in
-ds_FAULHABER_speed_outSignal_FAULHABER_ speed_out
-ds_FAULHABER_state_out:Signal_FALLHABER_state_out
-d5_REMOTE_event_in:Signal_REMOTE_event_in
-ds_REMOTE_event_out:Signal_REMOTE_ewvent_out
-m_TickCountRTE_uint32_thum_ce]

-lnvokeCyclicRunnables: RTE ret_t
-InvokeSignalTriggerRunnahles:RTE _ret_t
+RTE_TAE_Safety

+InitRTE_ret_t

+Init_Signals RTE_ret_t

+HiaithlextEw:RTE _ret_t

(e g ewC 2021 DIGITAL | A showcase for model based code gener:

RTE TAE OM

-ds_COMTROL_carstate:Signal _COMNTROL_carstate
-ds_COMTROL_joystick:Signal _COMTROL_joystick
-ds_CONTROL_position:Signal_CONTROL_position
-ds_COMTROL_targetspeed:Signal_CONTROL_targetspeed
-ds_REMOTE_event_in:Signal_REMOTE_event_in
-ds_REMOTE_event_outSignal _REMOTE_event_out

-lnvokeCyelicRunnables:RTE ret_t
-lnvokeSignalTriggerRunnables: RTE ret_t
+RTE_TAE_Qi

+nitRTE_ret_t

+Init_Signals:RTE_ret_t

+iaitNexdEy. RTE_ret_t
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Layer 7 - Documentation

Markup Language System Description

Descriptive In-Code Documentation
Activation engine

#/* --- Details for runnable "CONTROL_drive_run"
Description:

System states

* SIL required QM, SIL achieved QM. Justification:
System States:

* normal ()

* signal association

« lnperte: bootup

* Trigger IN

* Trigger Mame "TI_CONTROL_drive_run_1@_ms"

* Task: “Qu"

. System Events normal

* Cyclic Triggers:

* “18_8" Cycle Time: 18; Offset @

- Data IN

* DataPort Name "DI_CONTROL_carstate" error_detected

* - Associated Signal “CONTROL_carstate":

* Description: The overal car cennection state

* signalPool: local signal

* Signal-Type: enerated, see #CONTROL_carstate_cfg.h

* DataPcEt Nam: "lecoﬁmouoyscick" a - Tasks

+ - Associated Signal “CONTROL_joystick":

* Description:  The joystick read from Zigbee protocol

* Maximum Age: 300

* signalPaol: lacal signal Overview

* Signal-Type: generated, see #CONTROL_joystick_cfg.h

*+ DataPort Name “DI_CONTROL_position"”

* - Associated Signal "CONTROL_position":

. Desmipticf Positiﬂn’:ased on dear reckoning Task Name Cyclic Events System Events Cycle Time
* signalPool: local signal

* Signal-Type: generated, see #CONTROL_position_cfg.h Safety CANopenTickClock, CAN_dispatch_clock, 50_0, 50_25, Bootup_Timer ~ SafetyHasBooted 1
* OutPorts:

. Pate 0T am 100 10
* DataPort Name “DO_CONTROL_limit"

* - Associated Signal “CONTROL_limits":

* Description:  Structure containing driving limiting parameters like maxSpeed

* SignalPool: gds_CONTROL_limits in “COMMON" () . - " "
* signal-Type: generated, see #CONTROL_limits_cfg.h Actwatlon for taSk safe‘v
* DataPort Name "DO_CONTROL_targetspeed”

* - Associated Signal “CONTROL_targetspeed”:

* Description: The car targetspeed 5ystem:

* signalPool: local signal

* Signal-Type: generated, see #CONTROL_targetspeed_cfg.h

*/ Init event “SafetyHasBooted":

“void CONTROL_drive_run(RTE_Triggers_t triggerPort, Signal CONTROL_carstate& sig_IN_CONTROL_carstate, Signal CONTROL_joystick& sig_IN_CONTROL_joystick,
signal CONTROL_position& sig IN_CONTROL_position, Signal CONTROL_limits* const p_sig OUT_CONTROL_limits,

Signal_CONTROL_targetspeed* const p_sig_OUT_CONTROL_targetspeed){ Runnable Name Guards  SILLevel  System State  Order  has Return
BOOT _peripherallnit_run ~ none bootup 0 true
Cyclic:

The cycle time of this task is 1 ms:
hda
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Behind the scenes
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Supported Formats
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Summary

= Although we have created another modelling language, the “dialect” has proven to be rather
intuitive also for engineers new the topic.

= All relevant information can be found directly in the model, less relevant details can be added
In a tree editor structure.

= Engineering focus moves from coding to designing.

= (Generated code is well readable and testable.
= Debugging efforts are significantly reduced.

= |s Eclipse EMF the right choice?
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Outlook — Moving Towards a 8 Layer Model

As we have full traceability in the model from requirements down to generated code, an
additional Analytical Layer is planned:

(A)SILreq versus (A)SlLach
Compare the required (A)SIL with the reported (A)SIL

Check Freedom of Interferance of the SIL/QM functions
Memory
CPU

Peripherals

Hardware/Software Validation
Is (A)SIL code only executed on safe hardware (e.g. lockstep cores)
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Contact

Prof. Dr.-Ing. Peter Fromm
M.Sc. Thomas Barth

Hochschule Darmstadt - University of Applied Sciences
FB Elektrotechnik und Informationstechnik (EIT)
Birkenweg 8

64295 Darmstadt

Email: peter.fromm@h-da.de
thomas.barth@h-da.de
Web: www.eit.h-da.de
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