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Introduction

This application note describes how to configure an existing ISOLAR project using ISOLAR A/B
9.2.0 to add the calibration of some parameters specific to a SWC. The document contains an
explanation step by step of the workflow to follow to obtain a working project. A sample
project is provided along with this document configured as shown in this application note. As
starting project the RTA-SK_VRTA_GCC_Standard_9.2.0_R1.zip is used, all the steps listed
below can be performed on this project to preproduce the sample project.
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AR Calibration overview

AUTOSAR groups calibrations into three main categories based on the accesseability of the
parameters. Calibration parameters can be:

* SWC instance specific
* SWCType specific but shared among all the SWC instances of the same type
¢ Global: shared among different SWC types

Thus, there are three AR artifacts corresponding to these three categories:

¢ SWC specific parameters are implemented in AR using a particular type of
ParameterDataPrototype named perinstanceParameters; these are defined for
each SWC instance

¢ parameters shared among SWC instances of the same SWC type are implemented with
two other ParameterDataPrototype: constant memories and shared parameters

* global parameters are implemented using SWC R ports and a ParameterSWC offering
all the PPorts to the SWCs

2.1 SWC specific calibration

This AN focuses on the first category only. Calibration of SWC specific parameters involves
two main steps:

1. configuration of SWC description
2. RTE generation based on proper options

Four different methods to calibrate the SWC specific parameters will be explained. Most of the
configuration is common to all of them; while the RTE generation differs for each method.

“Workflow description” chapter describes the configuration steps while the chapters after
analyse the output code of each method.

The four calibration methods used are:

1. Initialized RAM: all SWC parameters are stored in a Flash Memory Section; during the
ECU startup all these parameters are copied into a user defined RAM Memory section.
The latter will be used at runtime from the SWC’s runnables to read the parameters
values.

RTE access

|

|
I
[ |

Parameter in Copied parameter in
ROM / FLASH RAM

2. Single Pointered: a table of pointers to Flash Memory Addresses is created in a user
defined RAM Memory section; at runtime the SWC makes use of the pointers to read the
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parameters values.

ParameterElement ParameterElementGroup

I . Calibration
[T]* reference
table

3. Double Pointered: a table of pointers to Flash Memory Addresses is created in a user
defined section of Flash Memory while the RAM Memory will have a
BaseAddressReference which is a pointer to the starting address of the Flash Memory
Table; theBaseAddress and eventually an offset is used to access the parameters values.

ParameterElement ParameterElementGroup
N\, Base reference
'\". Ill
[TTT T T Je-re] it E—
[«
[IT ]«
LI [[[ ][]
C ITTT TTT e . o
I ~._ Calibration
T reference
table

4. Single Pointered Variant: this method is another implementation of the Single
Pointered one,; it is realized using an RTA-RTE extension of AR which allows to define
several parameters memory sections for each SWC.
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Sample project overview

In the example used for this AN we used two parameters of two different BaseType:

e Param_1 —> uint8
e Param_2 -> uintl6

These parameters will be set to an initial value in Flash memory of:

* Param_1=5
* Param_2 = 2000
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4.1

Workflow description
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SwAddrMethod definition

Since the parameter will be placed in a defined memory section we need to create a new
SwAddrMethod which will be used to link each parameters to a defined RAM memory section.
In the AR explorer menu go to “Infrastructure”, right click and select New SwType —>
Elements | SwAddrMethod:

"~ AR Explorer =

% Filesystem Navigator

SRS

| NvM
# rba_DiagLib
1 TesterSWC
# wdgM
& XcpswC
L8 Compositions
v 3 i
 Infras Create Compenent Properties
& Co Create Unit
2 Da Create Physical Dimensions
2 Un Create Mode Declaration
& Create Measurement Calibration Support Function
- Ph‘ Create Constant Specification
3 Mc Create SwType
3 Sw Create Elements | Data Constr
Create Elements | Calibration Parameter Value Set

& System

% Description Vie'

Favorites

<» ECU Configur:

PR IR IR IR R

Create Elements | Interpolation Routine Mapping Set
Create Elements | Blueprint Mapping Set

Create Elements | Consistency Needs Blueprint Set
Create Elements | Set

Create Elements | Port Prototype Blueprint

Create Elements | Rapid Prototyping Scenaric

0

oo
>

WMov v v v v v

<= Elements | Sw Addr Method
4~ Elements | 5w Bxis Type

< Elements | Sw Record Layout

v £ VRTA_Standard

[Project]

Figure 4.1: New SwAddrMethod

Open the created item and set the properties as desired; for Section Type choose “CALPRM”
since the data to store are calibration parameters.
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< *PARAM_SECTION #

PARAM _SECTION [SwAddrMethod]

type filter text

<+ PARAM_SECTION

4.2
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A =% 4 pARAM SECTION
| ~ Attributes

ShortName* | PARAM_SECTION |

Category ‘ |t'

ShortNamePattern ‘ | =

rrzr;;gj"ocaﬂ"”'(eyw ADDR-METHOD-SHORT-NAME v/E

SectionlnitializationPolicy | INIT |*=

SectionType CALPRM v &
+

Options i
N

PerinstanceParameter creation

We will add these parameters to the master SWC so that later we can test reading these
parameters using CAN, however, you may want to add them to a XCP if your want to use them

with INCA.

Open the existing SWC “Master SWC” and switch to tab DataProtoypes; here go to Tab
PerinstanceParameter and then click Add,;

% AR Explorer & " ¥ Filesystem Navigator =
B %@ elslels
# Dem
@ DiagnosticSWC
@ E2ESWC
# EcuM
®FiM
€ MasterSWC
@ MemorySWC
& NvM
# rba_Diaglib
0 TesterSWC
& WdgM
@ XcpSWC
3 Compositions
& Infrastructure

& Description View| <> ECU Navigator & =
e%|[AM &

Favorites ¥

< ECU Configurator 2
v £ VRTA Standard [Project 2
& Parameter Definitions
v & Bsw Modules
v & Com Stack
£3 Can Modules

1 SWC Editor: MasterSWC &

! |swc Editor: Masterswc

Name | MasterswC % ve. 18 IntemalBehavior

# Main| & Functions|# Events ¥ IRV Da(aPrototypesemvs

ConstantMemories

PerinstanceParameter

$ @

MEY S LIV

SharedParameter

Sh&: 0/0 |®C® G Filter:

Jaore

StaticMemories

Shortname Type Init Value

Y Y Y Y

ArTypedPerl...nceMemories

Component| DataTypes| Interface| CompuMethod | DataConstraints

Calibration Access Display Format

CompuMethod €

Y Y

Then begin filling the fields in as required. Here is the example steps to create our “paraml”
with a uint8 type and inital value of 5:
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55 Add Data Prototype O *

Add PerinstanceParameter

This page helps to create PerinstanceParameter

Shortname* ‘ Param1 ‘
Type* uint8 v &
Calibration Access READ-WRITE w

Display Format ‘ ‘

CompuMethod o &

Data Constr ol &

Sw Addr Method | pARAM_SECTION mEC
@ < Back Next > Finish Cancel

Then click Next to configure a NumericallnitValue with no constants for init value and give
it the value of 5.

You should repeat this step to produce param2 with a value of 2000 and a type of unitlé,
then you should have 2 params configured which look like this.

+ Add
Showing:2/2 | C % @ | Fitter:| |sOre
Shortname Type Init Value Calibration Access Display Format ~ CompuMethod  Data Constr Sw Addr Metho
v v v W W W N
1 | Param2 uint16 E= NumericalVal..==READ-WRITE - = E= PARAM_SEC...
2 | Param1 uint8 E= NumericalVal..E=READ-WRITE = E= PARAM SEC.. ©
< >
4.3 Runnable configuration

Each runnable defined in the SWC must be configured to have access to the parameter; to do
this, open the SWC with the Component Editor, go to Functions Tab, select the desired
runnable and on the right open the ParameterAccessPoints Tab to add the access point to
the parameters:
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SWC Editor: MasterSWC @

I
Name | MasterSWC % vp. 1B/ InternalBehavior BEES LIV:R

= Main | & Functior°f Events| ¥ IRV| DataPrototypes Others

* Runnables % Delete

Showing:2/2 |®C® @ [Fter:]  |&ORE | % Access Points.

Server Call Points |Read Write Local Var |Mode Points | Trigger Points|Parameter Aa Poi . Wait Points| ™

Showing: 0/0 | & C % @ | Fiter: | | Re
Short Name Local Parameter Parameter Data Accessing Port VP
RE_RunTest RE_RunTest
= - — W v v W
2 RE_TimeTest RE_TimeTest
{ Create ParameterAccess Dialog - o X
Select Parameters(s) to be set as reference
Select Parameters(s) to be set as reference for the
ParameterAccess(s) to be created
Reference Style v
RE
type filter text
v Perlnstance Parameters
Component| DataTypes|Interface| CompuMethod | DataConstraints + Param?1 °
[ Properties | @ Problems Log | WorkFlow (£l Problems| & Console £ i Script Library| @ Variant Overview| + + Param2 =
No consoles to display at this time.
¥ Indicates already configured and not possible to edit
® Cance

If you can’t see the tab called “Parameter Access Points” in the right hand table you may need
to click on the double right arrows to show more more tabs.

4.4 Important notes

If a parameter is not accessed by any runnable the RTA-RTE optimization mechanism does not
create any macro to read the parameter from the SWC.

4.5 RTE generation

This final step is dependant on the calibration method chosen; the RTE must be generated
using the additional command “-calibration-method” with the value set to the desired
method. The four options supported by the RTA RTE are:

¢ “initializedRam” — RTA-RTE generates a RAM copy of all parameters and an initializing
ROM block. Generated RTE APIs access the RAM copy.

* “singlePointered” - RTA-RTE generates a reference table (in RAM) that locates
calibration data. The calibration values returned by individual generated RTE APIs can
be modified by changing pointers in the reference table to point to alternate values in
either RAM or ROM.

¢ “singlePointered2” — RTA-RTE generates individual reference pointers (in RAM) that
locate calibration data. The calibration values returned by individual generated RTE APIs
can be modified by changing those reference pointers. This is a non-AUTOSARextension.

e “doublePointered” — RTA-RTE generates a reference table (in ROM) and a reference base
(in RAM) that points to the table. The calibration values returned by all generated RTE
APIs can be modified by changing the base pointer to reference a different table.

As default the configuration for the RTE module will include a parameter
RteCalibrationSupport which as has a default value of NONE and a lower multiplicity of NONE.
This means that if you use any of the above commandline options you will get a warning that
is recognises 2 different global definitions for calibration method. This is expected and ok as
the commandline option takes precedence over the option in RteCalibrationSupport.
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5

5.1

Initialized RAM Method

Generating the RTE for this method (additional command to RTE generation:
“—calibration-method=INITIALIZED_RAM") will give as output an Rte. c file where the following
items should be defined:

* RAM memory section for all the parameters
¢ Flash memory section with initial values of parameters

/* RTE_GLOBALS_START */

#define RTE_START SEC_CALPRM 16

#include "Rte_MemMap.h" /*lint !e537 permit multiple inclusion */
VAR(Rte CalprmInitRAMType, RTE_DATA) Rte CalprmInitRAM;

#define RTE_STOP_SEC_CALPRM_16

#include "Rte_MemMap.h" /*lint !'e537 permit multiple inclusion */

#define RTE_START SEC_CONST_16
#include "Rte_MemMap.h" /*lint !'e537 permit multiple inclusion */
CONST (Rte_CalprmInitRAMType, RTE_CONST) Rte CalprmInitROM = {
1
2608,
5
1
]
1.
I
#define RTE_STOP SEC_CONST 16
#include "Rte_MemMap.h" /*lint !e537 permit multiple inclusion */

#define RTE_START SEC_VAR_CLEARED 16

#imrTida "D+a MamMan h" fF1int [aE27 moarmit mol+dnla Anecelocinn 4

* During Rte startup phase, the copy from Flash (ROM) memory to RAM memory is
implemented in Rte_Lib.c:

FUNL[>TO_KETUrn I ype, KIE_LUUE)

Rte Start(void) /* [35atisfies $5WS 2569]
1
Std_ReturnType rtn = RTE_E_OK; /* [%Satisfies $SWS 1261]
Rte_StartHook Start(); /* [%SatisfTies $SWS 1238] [$Satisfies $

| /* [$5atisfies $5WS 3915] */
Rte_memcpy( &Rte_CalprmInitRAM, &Rte CalprmInitROM, sizeof( Rte_CalprmInitRAMType )} );

Rte_Initialized = TRUE; /* [$5atisfTies $SWS 2535] [$Satisfies §

Important notes on this method

When using calibration method “Init-RAM”, RTA-RTE creates a single combined RAM block
containing space for all the calibration parameters and a single combined ROM block with the
initializer for every calibration parameter. Both blocks use the structure type
Rte_CalprmiInitRAMType. The RAM block is instantiated as a variable of that type called
Rte_CalprmiInitRAM and the ROM block is instantiated as a constant of that type called

If printed, this document is Page 12 of 19
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Rte_CalprmInitROM. Within the blocks the parameters are grouped together by SWC and
SwAddrMethod names. This scheme allows a single copy operation to perform the
initialization of all parameters at once.

NB: this method is advisable when a low number of parameters have to be calibrated,
besides startup copy from Flash to RAM time must be considered to enable fulfilling of ECU
startup timing requirements.
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Single Pointered method

To use this method, RTE must be generated using the additional command
“—calibration-method SINGLE_POINTERED"”. The output code will define a specific memory
section in Flash named using the SwAddrMethod associated to DatPrototypes where
calibration values will be stored:

#define RTE_START SEC MyParamSection

% #include "Rte_MemMap. /*lint 'e537 permit multiple inclusion */
T""l;mls CONST (Rte_CGTi_ CPT_CanCommunication SWC Ecuf I’&Paramsac:mn, RTE_MyParamSection) Rte CGi_CPT_CanCommunication SWC Ecul MyParamSectiom = {
3

%:la::.m RTE ST E SE. "&E;r.ﬂrswn n

In RAM a reference table is created W|th a varlable storing the Flash address of the
parameters memory section start:

¢define RTE START SEC VAR INIT UNSFECIFIED
#includs "Rte MemMap.h™ /*lint !e537 permit multiple inclusion */
WVER (RteParameterRefTabType, RIE DATRA) RteParameterRefTab = {
T (RteCalprmRefTabEntryType) &Rte CGi_CPT_CanCommunication SWC Ecul MyParamSection
bi
#define RTIE STOF SEC VAR INIT UNSFECIFIED
#include "Rte MemMap.h™ /*lint !2537 permit multiple inclusion */

NB: in case more SwAddrMethods have been associated to parameters of the same SWC,
more parameter groups (read Flash memory sections) will be created; in that case the RAM
reference table will store the address of the start of each Flash memory section defined:

#define RTE START_SEC MySecondSection
#include f*lint !'e537 permit multiple inclusion */

Tvclablle T(Rte C6Ti_CPT_CanCommunication SWC_Ecul MySecondSection, RIE MySecondSection) Rte_CGi CPT_CanCommunication SWC_Ecull MySecondSection = {
}

#define RTE_STOP_SEC_MySecondSection
#include "Rte_MemMap.h” /*lint !'e537 permit multiple inclusion */

#define RTE_START_SEC_MyParamSection
#include "Rte_Memd f*lint !'e537 permit multiple inclusion */

Tv:la:i 2 CONST(Rte_CGTi_CPT_CanCommunication SWC_Ecub MyParamSection, RIE_MyParamSection) Rre_CGi_CPT_CanCopmunication SWC_Ecuh MyParamSection = {
}

#define RIE_STOF_SEC_ MyParamSsction
#include "Rte_}{e&.‘{ap.h" f*lint !'e537 permit multiple inclusion */

#define RTE START SEC VAR INIT UNSPECIFIED
#include "Rte_MemMap.h™ /*lint !e537 permit multiple inclusion */
T'«‘AR(RtEParamEtErREfl‘abTypE, RTE_DATR) RteParameterRefTab = {

(RteCalprrRefTabEntryType) éRte_CBi CPT_CanCommunication SWC_Eculh MyParamSection,
(RteCalprrRefTabEntryType) &Rte_CGi CPT_CanCommunication SWC_Ecul MySecondSection
i
#define RTE_STOP_SEC_VAR_INIT_UNSPECIFIED

This method allows to define memory sections to create groups of parameters using one
SwAddrMethod for each group.
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Single Pointered 2 method

This method implements the AR Single Pointered method adding the freedom to use only one
SwAddrMethod for all the parameters but keeping the differentiation in terms of memory
sections defining one section for each SWC instance. This method is an extension of AR
supported by RTA-RTE. The output code for this example would be the following:

In flash, the memory section name define contains the name of the SWC, the ECU Instance
and the name of the SwAddrMethod (if defined, otherwise a “NULLSWADDR_16" extension is
added):

C_ECUA_MYPARAMSECTION
ermit multiple inclusion */
ation SWC_Ecul MyParamSection, RTE CGI_CPT_CANCOMMUNICATION SWC_ECUR MYPARAMSECTION) Rte CGi_CPT CanComrunication SWC Ecul MyParamSection = {

#include ™

ine RTE_STOP_SEC_CGI_CPEI_CANCOMMUNICATION_SWC, AREMSECTION

In RAM the table is replaced by a variable for each parameter group defined storing the
starting Flash address of the corresponding memory section:

cion S B 1 = iRee_Co4_cPT_Canc N
CEE_CAICOMINICATION SHC_ECUR MIBARAMSECTION Rte_ 2051 CPT_Cancommunioation SHC _Ecul - GRre CO1_CPT_ CancommunicaionSC_Ecul Myzaransection:
If printed, this document is Page 15 of 19
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Double Pointered method

The additional command to use this method is “DOUBLE_POINTERED”. The output code is a
memory section for each SwAddrMethod in Flash storing the calibration values:

#define RTE_START SEC MyParamSection
#include "Rte_MemMap.h™ /*lint !e537 permit multiple inclusion */
T‘;clatile CONST (Rte_CGTi_CPT_CanCommunication SWC_Ecul MyParamSection, RTE_MyParamSection) Rte_CGi_CPT_CanCommunication SWC_Ecul MyParamSection = {

bi
#define RTE STOP_SEC MyParamSection
#include "Rte_MemMap.h™ /*lint !e537 permit multiple inclusion */
Besides these, another Flash memory section defines a reference table to the previous
sections starting addresses:

#define RIE_START 3EC CONST_UNSPECIFIED

#include "Rte MemMap.h™ /*lint !e537 permit multiple inclusion */

—|CONST (RteParameterRefTabType, RIE_CONST) RteParameterRefTab = |

f (RteCalprmRefTabEntryType) &Rte CGi_ CPT_CanCommunication SWC _Ecul MyParamSection
b:

#define RIE_S5TOF SEC _CONST_UNSPECIFIED

#include "Rte MemMap.h™ /*lint !e537 permit multiple inclusion */

In RAM only one variable is used to store the address of the reference table in Flash.

#define RIE START SEC VAR INIT UNSPECIFIED

#include "Rte_MemMap.h™ /*lint !e537 permit multiple inclusion */

P2CONST (RteFarameterRefTablype, AUTOMATIC, RIE DATR) RteParameterBase = &RteParameterRefTlab:
#define RIE STOF SEC VAR INIT UNSPECIFIED

#include "Rte_MemMap.h™ /*lint !e537 permit multiple inclusion */

NB: this method’s pro is a very low use of RAM (only one address).
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Reading parameters from SWC

Parameters can be accessed by SWC using the RTE defined macros:

/* Inline calprm optimization; Rte CData Paraml to direct access */
#define Rte CData Paraml() ( (volatile CONST(uint8, CALPRM)) Rte CalprmInitRAM.CGi CPT Master

Implementation of these macros depends on the calibration method used; for example for
single pointered method a macro would be as following:

#define Rte CData Param 1( self ) ( (volatile CONST(uint8, RTE MyParamSection))
(((volatile P2CONST(Rte CGTi_ CPT CanCommunication SWC EcuA MyParamSection,
AUTOMATIC, RTE_MyParamSection))RteParameterRefTab[((VAR(uintl6,

AUTOMATIC))RTE CGI CPT CANCOMMUNICATION SWC ECUA MYPARAMSECTION)])->Param 1) )

In this case the macro takes for the reference table in RAM the address of Flash memory and
use it to access to parameter value.

For example in the ASW | have modified the MasterSWC function RE_RunTest to read the
value of the parameter and send it over a CAN signal.

@x11lu
» MasterSWC_CODE) RE_RunTest(

testCode
testData
pimvValue
testCodeFD

(&testCode);
(&testCodeFD);

if(testCode ==

r
L

uint8 data =

nt8)data);

And here in Busmaster you can see it returning the value of 5 from Param1 successfully.
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Message Window - CAN
Tine ... Tz REx . Channel .. H=g . ID .. Message... DLC... Data Byteis)
17:05:13:6207 Rz 1 = 0=004 Ozd 8 11 05 FF FF FF FF FF FF
17:05:00:1807 Tz 1 = Ox=014 O=14 i 11 00 00 00O 00 00 0O 0o
B Configure Transmission Mes @
Tx Frame List
Message Name Frame Id Channel Data Length Message Type RTR  Repetition {ms) Key
0x14 0x14 1 8 Std H B 10 B a
[Add Message]
Delete Delete Al
Data Byte Yiew {HEX)
Index 1] 01 02 03 04 05 08 o7
oo 11 [} oo oo oo oo [1ls} [ils}
Signal Details . -
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10 Contact, Support and Problem Reporting

For details of your local sales office as well as your local technical support team and product
hotlines, take a look at the ETAS website:

ETAS subsidiaries www.etas.com/en/contact.php
ETAS technical support www.etas.com/en/hotlines.php
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