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Who are we?

Leading provider of solutions and services for the development of embedded systems

™ I ¥ o S ETAS - Engineering Tools, Applications & Services
— | . o ETAS was founded in 1994 as a subsidiary of
I === & | =  Robert Bosch GmbH;

P e | © Together with its subsidiary ESCRYPT, ETAS
| 'j employs more than 1,200 associates worldwide;

o ETAS is present at 23 locations in 12 countries;
A | ESCRYPT is present in 8 countries with 12
[ _,  = “ | | locations;

o ETAS revenue: 250 million euros in 2017;
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What do we do?

ETAS Solutions Portfolio

Products, Consulting and Engineering Services
I I I I

Measurement,
Software Test and Calibration, Embedded
Engineering Validation and Security

Diagnostics

A

ETAS

LABCAR

LABCAR
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Where are we?
ETAS is placed where ECU development is being done...

Germany

Canada

France Sweden

' 5

=, # Great Britain

| s

[taly

SA

India

Brazil

Public | ETAS/SBZ | André Pelisser| 2018-04-26 o= /. -
8 © ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. - | \ -



Where are we?
ETAS Brasil Team

- ‘ \' > WIS 1 S .
idati Software Engineering
, : Test and Validation Test and Validatior !

feal Tine Applications Measurement, Calibration and Diagnostics

Measurement Tools

Sao Bernardo do
Campo

o ETAS first came to Brazil on 1 January 2009 in Sao Paulo as a business unit of Robert Bosch Latin America;
o New office was established on August 2012 in Sao Bernardo do Campo, major automotive development site in Brazil;

Main contact:

Hermann Klein - Key Account Manager - Sales

R. José Versolato, No 111 — Centro Sala 1814, 18° andar

Torre B, Edificio Domo Business Sao Bernardo do Campo — SP Brazil Phone: +55 11 2666-0060
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Who we work with?

Extract of our local and international partners & customers

Vehicle Manufacturers (OEM) ECU Suppliers (Tier 1)

Extract Customer List

Engineering Services

QuiD . BOSCH @ @ ”ﬁl- PSA PEUGEDTClTnoE-l I_ E I_/
DENSO 2 a8 dLLIEDL 7D Mahindra P\TREC
CHRYSLER Rise.
@& HYUNDAI DEeLPHI DAIMLER @D £—ig& Valeo (ontinenfal & %I;/)\CJTEC
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Who we work with?

University Partnerships
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FSAE Escola Politécnica da USP ~ FSAE Centro Universitario FEI GEA Escola Politécnica da USP

o ICE Management o Control Engineering o ICE Management

o Joint Partnership with Bosch o Electric Motor Management o ECU Software Engineering

o Measument and Calibration o Measument and Calibration o Dynamometer Instrumentation
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Introduction

What is embedded software?



What are the specificities of Automotive ECU Software?

Why calibration is important? What is “Real Time"?
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Why calibration is necessary?

Same ECU, very different engines...

Equipe Poli Racing — FP09
Type: Monocylinder
Power: 44 HP

JL Racing — Stock Car
Type: 8 Cylinders in V
Power: 550 HP

Size: 0.45 Liters Size: 6.2 Liters

How is that possible?

Public | ETAS/SBZ | André Pelisser| 2018-04-26 :?/. =
14 © ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. - | \ -



Basics of Calibration

Engine Thermal Manangement - Concept

True False

v

Is the Temperature > 90°C ?
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Basics of Calibration

Engine Thermal Manangement - Concept

True False

v

Is the Temperature > Temp_Threshold ?

a

Temp_Threshold = 90°C

Temp_Threshold = 95°C

This is enabled
Temp_Threshold = 96°C to be calibrated
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Basics of Calibration

Engine Thermal Manangement — Real Application

Each 10ms Do
If fan_b == False && tmot > FANTMOT _ON Then fan_b = True
If fan_b == True && tmot < FANTMOT_HYS Then fan_b = False
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What is Real Time?
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What is a closed loop control system?

Why is it important? How it is conceived?
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Basic Control Definition

Example - Automotive Closed Loop

Driver Enviroment

— 7

Vehicle

Set Point \

Generator

;®

Public | ETAS/SBZ | André Pelisser| 2018-04-26 = / -
2 1 © ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. - | \ -



V-Cycle
Generic Embedded Controler V-Cycle

Release

Calibration
Validation

Vehicle Integration

Software
Functions

Software Software
Architecture Integration
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V-Cycle

ETAS Solutions

ASCET-MD
Model & Control Design
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Measurement &
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Virtual Test & Validation

Rapid Prototyping
(RT simulation)
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Software Engineering
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Model Based Development
Model Based # Block Diagram

J/ofThrottle_Demo
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Model Based Development
Modularity and Target Independence

J/ofThrottle_Demo
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Function Design

Overview and Air Conditioning Example

ASCET-MD

Model & Control Design

Inputs
o Engine Load
o Accelerator Pedal Position

Load

Accelerator Pedal
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Compressgr_Process

\ . : \ .
£l Cead
A o Compressor_Voltage
T 1YY ) ‘ p _Voltag
al
Al =

» Accelerator_Pedal

|

—Load

Parameters

o Load Threshold

o Accelerator Pedal Threshold
o Max Cut-off Time

I
Load Threshold <40.0=
o —
Pedal_Threshold <50.0=

|
Max_Cutoff Time <10.0=

Outputs
o Compressor Voltage

Compressor_Voltage
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Function Design

Virtual Simulation — Not real time

B S
Physical Experiment for: PID_Throttle Target ES910 Environment: > Default<

File Edit View Expeniment Extras Tools Window Help
B Y HE EPIH D ses &4 % E 100%
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Function Design
Rapid Prototyping — Real Time Simulation

ASCET-MD
Model & Control Design

— Accelerator_Pedal

INTECRIO
ASCET-RP

Rapid Prototyping
{RT simulation}
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Function Design
Rapid Prototyping with Real Hardware
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Function Integration

Multiple Functions Simulation
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V-Cycle

Software Architecture, Implementation and Integration

#include "globalH.h"

#include "asd_os_dyn.h"

extern void _040SKODKAS8010071C2097C72C800_Proc_100ms (void) ;

extern void _040SKODKAS8010071C2097E40CHO0_ESDL Daisychain Inputs ES930_MIOL AT 100us(void);
extern void _040SKODKAS8010071C2097E40CHO0_ESDL_CAN IO CAN Send(void):

#ifdef ITEC
TASK_MONITOR_DEF (T_100ms,
felse
TASK_MONITOR DEF(T_100ms, threadPrio032):
fendif /* ITEC */

oms") ;

/ Software task "T_100ms" -----*/

void T_100ms_processList ()

$ifdef ITEC

LOG_TASK_TRACE_POINT (1) ;
#endif
_040SXODRAS8010071C2097C72C800_Proc_100ms () ;
=] Fifder ITEC

LOG_TASK_TRACE_POINT (1) ;
$enaif

_ 10071C2097E40CH00_ESDL_D: hain_Inputs_ES930_MIO1 AT_100us() :
=] Fifder ITEC
LOG_TASK_TRACE_POINT (1) ;
fendif
_040SXODRAS8010071C2097E40CH00_ESDL_CAN_IO_CAN_Send()
=] Fifder ITPC
LOG_TASK_TRACE_POINT (1) ;
$enaif

10200000400807A
= 828ACEFAS00400FA 00FAS01000FAS01400FA801800FAB01C0046
/* Generated by ASCET RP AddOn */ : £02000FAS02400FA B03400FA 803C0080
(%{c) 2D03ETAS)(ETRS)CabR) N/ :20004000FA804000FAB04400FAB04800FAB04COOFAB05000FAS05400FAE05800FAB05C0060
” : 06400FA20 00FAS0 7400FAS07800FA8226CBCS
T *  Include files : 808400FA E 82AAEBFAS276ETEC
/ :2000A000FA8292CBFAS0A400FAS0AE00FABOAC 80BCO041
12000 400FAB0C! C 00E0
#include "T_100ms.h" = 400FR 00C0o

:20010000FA800001FA800401FAS00801FAS00CO1FAB01001FAB01401FAB01801FAB01C0197
$20012000FA802001FA802401FAS02801FAS02C01FASB03001FAB03401FAB03801FAB03C0177
:20014000FA804001FA8224CBFA8222CBFAB04C01FAB05001FAB05401FAB05801FAB05C0105
:20016000FAB06001FAB06401FAS06801FAB06CO1FAB07001FAB07401FAB07801FAB07C0137
:20018000FAS08001FAB08401FAS08801FAB08CO1FAB09001FAB09401FAB09801FAS09C0117
:2001A000FAS0AO01FAS0A401FASOAS01FASOACOIFASB0BO01FAS0B401FAS0BE801FAB0BCO1F7
:2001CO00FAS0CO01FAS0C401FAS0C801FAB0CCO1FABODO01FAS0D401FAS0DE01FASODCO1DT
:2001E0Q00FAS0EO01FAS0E401FAS0ES01FAS0ECO1FAS0F001FAS0F401FAS0F801FAB0FCO1B7

g .

Software Software
Architecture Integration

Software Implementation

o
1
2
o

2
o
o
1

N
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» CHARACTERISTIC

UBYTE_Parameter

"Scalar Parameter for Discrete Calibration Example”
VALUE

0x80280123

Val_uint8

255

OneToCne

0.00

255

FORMAT "$3.0"

CHARACTERISTIC

1 MEASUREMENT

RPM

"Engine Speed”
SWORD

RN

100
0.00
6500.0

FORMAT "$5.2"
ECU_ADDRESS 0xD0001830

MEASUREMENT

SIS



Software Architecture

Standard Software x Automotive Software

I F

Hardware
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Software Integration
ASCET Workflow

4_Contraller_C167 [F rowscale MPCH&x/Objoct]

ASCET-MD
Model & Control Design

mive
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Uo7 [ | |+
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f

1

Guemerts | Oata_ irciemertation |

INTECRIO
ASCET-RP e e o BOEE LS SEeRL LR L
£5 0 A - e
Rapid Prototyping = || | Corm— L o
(RT simulation) E—e— ASCET SE_ —
Code Generation
- ECU Data &
RTA Family MC Interface
Code swW Description
Generation Integration
Program
Code & Data

ECU
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Virtual Testing and Validation



How complicated is to calibrate an engine?
How long does it takes? Why?

37
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HiL Motivation

Calibration Complexity Evolution — Number of Parameters

38

80000 -
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/
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HiL Motivation

Calibration Complexity Evolution — Cost Share

A
100% — _ -
B Calibration costs
SW development costs

. . B HW development costs

1990 2000 2010 Tme

—

Project Cost Ratio

Public | ETAS/SBZ | André Pelisser| 2018-04-26 o= /. -
39 © ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. - | \ -



V-Cycle

Virtual Testing and Validation
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ASCET-MD

Model & Control Design

INTECRIO

ASCET-RP Virtual Test & Validation

Rapid Prototyping ® )
(RT simulation)

RTA Family
Code sw
Generation Integration
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HiL - Concept

Real Car and ECU Communication

Real Time Electric Stimuli
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HiL - Concept

Virtual Car — Real Time Eletric Stimuli Emulation

RT Electric Stimuli
< >

Signal Generation Board

Virtual Vehicle s
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HiL Applications

Virtual Dyno and Virtual Engine

Fil=

Experiment Environment ¥3.0.0

Tools 7

B-&- P-rG-@-G-

7 = m % [

Geracao do Modelo de Motor Virtual

| Datalogger | Instrumentation

Environment Params RT Scopes

04.12.2007

0010808.4 km

ETAS

Pedals Graph

000 [sec]
Brake Accelerator

@ | Connected

Engine Torque

260 399.999...
[1897.
(1000,

DefaultExp

Entradas GT-Power

| Rotagdo

| Posicéo de Borboleta

| Avango de Ignigdo

.
|

[ Messatvjotads  }— i |
I_.
|_.

| Temperatura do Ar

Modelagem Saidas GT-Power
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Saidas Previstas
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| Rotagdo —l Torque |
| Posi¢do de Borboleta

_*l Poténcia |
| Massa Injetada

—l Consumo Especifico |
| Avango de Ignigdo
| Temperatura do Ar —rl Lambda |

Modelo de Motor Virtual
25/



HiL Applications

Anywhere in the world in just a click!

P

Public | ETAS/SBZ | André Pelisser| 2018-04-26
47 © ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.




HiL Applications

Scalable Testing

Full Vehicle Simulator

’ Integration HiL O

-,~,--v--;»=”""0Component HiL

- oy
© g
i
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LABCAR
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Complete Vehicle HiL Setup
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HiL Applications

Field Problem Diagnostics
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‘ NHTSA Campaign 04¥409000

ID number : Print Version
Make / Models : Model/Build Years:
2004
Manufacturer
NHTSA CAMPAIGN ID Number : Mfg's Report Date : AUG
04409000 09, 2004

Component: POWER TRAIN:CLUTCH ASSEMBLY:PEDAL/LINKAGE
Potential Number Of Units Affected : 358

Summary:
ON CERTAIN PASSENGER VEHICLES WITH 3.0 | ENGINES

AND MANUAL TRANSMISSIONSY IF THE VEHICLE IS IN FIRST

GEAR, AND MOVING SLOWLY, WITH THE ACCELERATOR PEDAL
HELD IN A CONSTANT POSITION OF LOW ENGINE SPEED AND
WITH THE CLUTCH PEDAL HELD IN & PARTIALLY DEPRESSED
POSITION, ENGINE SPEED M&Y INCREASE.

Consequence:

THE VEHICLE COULD ACCELERATE UNEXPECTEDLY, WHICH
COULD RESULT IN A CRASH,

Remedy:

DEALERS WILL REPROGRAM THE VEHICLE'S DIGITAL ENGINE
MANAGEMENT CONTROL UNIT. THE RECALL BEGAN ON

SEPTEMBER Bi 2004, OWNERS SHOULD CONTACT_

© ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.




Measurement and Calibration



What is the best way to share information in an
Automotive Enviroment?
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CAN Bus

Motivation

Engine Control Unit Transmission Control Unit

RPM
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CAN Bus

Motivation Body
Engine Drivetrain

Engine Control Unit CAN Bus Transmission Control Unit
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CAN Bus

Network Topology

CAN Low

CAN Node C

CAN Node A | §1209

120Q §’ CAN Node B

55
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CAN Bus

Physical Layer

5V

CAN High

2.5V
_

ov

CAN Low

1

0

1

0

1

1
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How can an ECU be Accessed and Calibrated ?

What are the calibrator’s tools?
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V-Cycle

Measurement and Calibration

ASCET-MD INCA

Model & Control Design Measurement &
Calibration

INTECRIO
ASCET-RP

Rapid Prototyping
(RT simulation)

RTA Family

Co-de_ SW
Generation

Integration
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Measurement and Calibration

Calibrator Tasks

Public | ETAS/SBZ | André Pelisser| 2018-04-26 Em iSSion TeSti ng Diag nOSiS

oy ?/. g
- -
59 © ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. - | \ -



Measurement and Calibration

Calibrator Tools

Hordware Dataset Components E-Target ODX Instrument Window ©

e WiP: INCA_TRAINING 1 |
ekt dencerancatran | T | owe Cre | ERNERTINNG |

=0 Combined Editor [1] = | @[ || 1 Measure Window 3] E=REch ~<=|
=) | Spk. Warm <Map> ~| [DegBTDC]  x Engine Load [Kg/min] y: RPM [RPM]
y\x | 10000 15000 20000 25000 30000 35000 40000 45000
00000| 60000 00000 00000 90000 210000 28500 00000 300000
10000000 60000 67500 2250 120000 247500 33000 34133 34133
20000000 60000 30000 30000 150000 27750 3133 34133 M1
30000000 { 60000 45000 4200 147000 2100 28 287 3852 | leou o
3500000 60000 90000 105000 173250 210000 23100 23897 2389
[ woomooi 60000 157500 141750 168000 194250 194250 238927 238927 ||ECT [Deg(] >
%Y 2) 4500.0000 ‘ 60000 120000 120750 152250 178500 183750 225750
50000000 30000 75000 8400 11020 13650 14700 17850 204750 2 ! ! ; y
= sson‘nooo‘ 3000 00000 42000 84000 150 150 152250 o950 || “80.0000 563.0000 150.0000
65000000  -45000  -30000 42000 63000 8400 99750 11550 178500 |Engine_l.oad 1.4449 [Kg/min] I
@, 7 i ’
; =TT VT =T T2 Measure Window [1] S @)=
a3@334K Sve tome Voo | (S50 | 07427 [DegTDQ) |
I | L 433000 -
W Egoe lond 1523 O B_WOT
B Lmeda 233000
L T f
> B Sa3000/ | if ) Throttle_Fault
J (2 Measure Window [2) o @)%
CatDC_Post  813.0000 []
CatDC_Pre 313.0000 []

Max. buffer levek 0%

ADC/Thermo Scan ECU Interface Lambda Meter Data Loggers
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INCA — The measurement and Calibration Solution

Overview

o ETAS solution for Measurement and Calibration task -

o INCA is used by every OEM and most Tier 1 Gl

o More than 2000 licenses in Brazil s

o INCA is used in all market segments: =
o Chassis
o Body .

o Powertrain

INCA Tasks

o HW Configuration

o Experiment Environment
o Measure Data Analysis
Calibration Data Manager

(o)

ECU Flashing
Test Bench Interfaces
Automation

Other AddOns for specific need

(o)

o

o
o
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INCA — The measurement and Calibration Solution

Basic Calibration Workflow

%% INCA

Expenment £t Veables Messwement Mardowe Outaset Compeoents E-Tamgel 0K ctrumert Wondow 1

¢ WP INCA TRAPENG.
ke demetticaTiad <] T | e o | AR NCAIMSON) | g

) [0 combined tnee 11} S @ E ]|t Maaios Wedow ] (=]

1| |2 ot g *) P BI0C] = Enge Lo Iy/min] ¥ MR
. Yo | e iww 2o 2ww a0 0w T .
(=] G| 6o 0w oo s amm  mum 020
S L ¢ 12000000 60000 67500 2250 120000 17500 33,0000 2 M
- B ) wooowo|  6om  deo  dewe  sme  powe  aw 5w 4
xooe|  omm  ewm a0 wowe i amo  nsn  sso (RSlSl
> mwowe| 62  semo 00 mus  nowe 2w 2 nan |5
. 400000 60000 150 MR M0 A 194290 gy || ECT [Deg Q1 *
& woow|  som  ume  ume 1) v nsm0
wooo0| 30 T mawe  moxo  Dew 4% 241% ’ ’ 5 ! !
= swnowo| om0 0w 4w 4o maw  us 15 || 800000 5630000 1500000
awooon| 4% oo 4vw  ewe sam 99w v | [EERoRg 14449 (Kg/min]
< [ w T () Massire Window 01} EA AN
v -
S
- “ | (@) Thotte Fault
@ 2 Maawure Winow 11 STeYH

CatDC_Post  813.0000 [|

CatDC _Pre 313.0000 []

b -

Development Interface HW PC with INCA
ECU ES592

Public | ETAS/SBZ | André Pelisser| 2018-04-26
62 © ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights.

SIS



ECU Access

Development ECU

B

ECU Data &
MC Interface
Description

MC interface = Protocol + Bus

HEX

File

Program CAN
Code & Data XCP protocol services
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ECU Access

Production ECU

ECU Data &
MC Interface
Description

Program
Code & Data
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ECU Access

A2l & HEX Files

"I ASAM

o ASAM-MCD-2MC (ASAP2) File: o HEX File:

o Specifies: o Contains Compiled Code:
= Variable Names =  Controller Calibration data
= Conversion Formats =  Controller SW intructions

= Memory Address
= HW Interface
= Unit
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ECU Access

A2l & HEX Files

"I ASAM

/begin MEASUREMENT :02000004200074
REM :200000003000000004FD00000000028000FD00E00C020080080200800300AFAFAFAFAFAFTE
120002000 AFAFAFAFAFAFAFAFAFAFAFAFO2000000A3AFCERS3004020000000080FFFCO020B1

"n S L1
Engine Speed :20004000FECADEFAFERFFECAOO00000074FCO08000100000310412007800008003020080C7

SWORD : 20006000FECADEFAFEAFFECA000000000000000000100000778781B000000000000000000F
EngN :20008000000000000000000000000000000000000000000000000000000000000000000080

: 20002000000000000000000000000000000000000000000000000000000000000000000040
1 :2000C000000000000000000000000000000000000000000000000000000000000000000020
100 : 2000E000000000000000000000000000000000000000000000000000000000000000000000
0 :2001000000000000000000000000000000000000000000000000000000000000000000000F
6500 :200120000000000000000000000000000000000000000000000000000000000000000000BF

:2001400000000000000000000000000000000000000000000000000000000000000000009F

:2001600000000000000000000000000000000000000000000000000000000000000000007F
FORMAT "%8.2" : 2001800000000000000000000000000000000000000000000000000000000000000000005F
ECU ADDRESS 0xD0000076 : 2001A00000000000000000000000000000000000000000000000000000000000000000003F

/end MEASUREMENT

Public | ETAS/SBZ | André Pelisser| 2018-04-26 o= /. -
66 © ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. - | \ -



ECU Access

ECU Memory Structure - Calibration

67

Random
Access
Memory

Flash
(Read
Access —<
Memory
- ROM)
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FFFFF h
FFFFE h

FFFFD h
A

00002 h
00001 h
00000 h

Measured data “Page”

Calibration “Page”

Code “Page”
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ECU Access

Working Page and Reference Page

Measured Data Page| Volatile (RAM) data that you can record.

; Calibration data that you can edit (read/write);
Worklng Page your “work in progress” calibration.

Calibration data that you cannot edit (read only);
Reference Page your “baseline” or “safe” calibration.

Software code; the instructions that your
embedded controller executes.

Code Page
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ECU Access

CAN — Possible Protocols

CAN #CCP

-2 49 CAN o CAN is the FRAME
—— 1 CAN-Monitoring
—— ELCAN-Output B oameves
—— ¢ CCP
— o GMLAN
—— 1 J1939-Monitoring CCP is the CONTENT and how it is placed on the
& KWP2000 CAN Frame
— @ OBDonCAN ._._I
- @ UuDS | SpecficlD | CMD ERR CTR  DATA
—— @ XCP
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Automotive Protocols
Different Applications

0
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ECU Access

CCP — CAN Calibration Protocol

INCA Workspace ES59x Embedded Controller

on PC or
«—— ES581.X [+ |CCP/K-Line

Measured Data Page

RAM
Measured Data Page

WWorking Page

Code Page ROM/Flash

Yorking Page

Code Page
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ECU Access

ETK and ETK Protocol

] 000 de
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Q0000000000000000000000000 ¢ 2131218121
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Q00000000000 00000 000000
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F 00K 103 199 S
SN:0104411 et

24E013/01

Public | ETAS/SBZ | André Pelisser| 2018-04-26 o= /. =
72 © ETAS GmbH 2018. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights. - | \ -



ECU Access

ETK — Memory Layout

/3

INCA Workspace
on PC

Measured Data Page

Working Page

Code Page

ES59x
or
ES581.x

ETK

DP-R AN
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Controller

Measured Data Page

Working Page

Measured Data Page

ROM/Flash

Calibration Page
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RAM /
Code Page -
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ETK Present

> Boot |

Flash

Code Page

Calibration Page
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