


V-Cycle for Automotive SW Engineering
André Pelisser - 2018



Public | ETAS/SBZ | André Pelisser| 2018-04-26

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

V-Cycle for Automotive SW Engineering

1. ETAS World – Driving Embedded Excellence

3

￮ Who are we?

￮ What we do?

￮ Where are we?

￮ Who we work with?

2. Introduction - What is embedded software?

￮ Why calibration is necessary?

￮ Basics of calibration

￮ What is “Real Time?”

3. The V-Cycle - Control Software Development Metodology

￮ Basic Control Definition

￮ Generic V-Cycle fo SE

￮ V-Cycle – ETAS Solutions

4. Software Engineering

￮ Model Based Development

￮ Function Design

￮ Software Architecture

￮ Software Integration



Public | ETAS/SBZ | André Pelisser| 2018-04-26

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

V-Cycle for Automotive SW Engineering
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The ETAS World
Driving Embedded Excellence
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Who are we?

ETAS - Engineering Tools, Applications & Services

￮ ETAS was founded in 1994 as a subsidiary of

Robert Bosch GmbH;

￮ Together with its subsidiary ESCRYPT, ETAS

employs more than 1,200 associates worldwide;

￮ ETAS is present at 23 locations in 12 countries;

ESCRYPT is present in 8 countries with 12

locations;

￮ ETAS revenue: 250 million euros in 2017;

6

Leading provider of solutions and services for the development of embedded systems
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What do we do?
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ETAS Solutions Portfolio

Software
Engineering

Test and
Validation

Measurement,
Calibration, 

and
Diagnostics

Embedded 
Security

Products, Consulting and Engineering Services
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Where are we?
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ETAS is placed where ECU development is being done...
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Where are we?

￮ ETAS first came to Brazil on 1 January 2009 in São Paulo as a business unit of Robert Bosch Latin America;

￮ New office was established on August 2012 in São 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, 18º andar

Torre B, Edifício Domo Business São Bernardo do Campo – SP Brazil Phone: +55 11 2666-0060
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ETAS Brasil Team

São Bernardo do 
Campo
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Who we work with?
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Extract of our local and international partners & customers

Extract Customer List

Vehicle Manufacturers (OEM) ECU Suppliers (Tier 1) Engineering Services
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Who we work with?
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University Partnerships

FSAE Escola Politécnica da USP

￮ ICE Management

￮ Joint Partnership with Bosch

￮ Measument and Calibration

FSAE Centro Universitário FEI

￮ Control Engineering

￮ Electric Motor Management

￮ Measument and Calibration

GEA Escola Politécnica da USP

￮ ICE Management

￮ ECU Software Engineering

￮ Dynamometer Instrumentation
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Introduction
What is embedded software?
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What are the specificities of Automotive ECU Software?
Why calibration is important? What is “Real Time”?
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Why calibration is necessary?
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Same ECU, very different engines...

Equipe Poli Racing – FP09  

Type: Monocylinder

Power: 44 HP

Size: 0.45 Liters

JL Racing – Stock Car

Type: 8 Cylinders in V

Power: 550 HP

Size: 6.2 Liters

How is that possible?
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Basics of Calibration
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Engine Thermal Manangement - Concept

Is the Temperature > 90ºC ?

True False
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Basics of Calibration
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Engine Thermal Manangement - Concept

True False

Is the Temperature > Temp_Threshold ?

Temp_Threshold = 90ºC
...
Temp_Threshold = 95ºC
...
Temp_Threshold = 96ºC

This is enabled 
to be calibrated
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Basics of Calibration

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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Engine Thermal Manangement – Real Application
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What is Real Time?
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The V-Cycle
Control Software Development Metodology
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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
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Example - Automotive Closed Loop 
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V-Cycle
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Generic Embedded Controler V-Cycle
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V-Cycle
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ETAS Solutions
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Software Engineering
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V-Cycle
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Software Functions
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Model Based Development
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Model Based ≠ Block Diagram



Public | ETAS/SBZ | André Pelisser| 2018-04-26

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

Model Based Development
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Modularity and Target Independence 
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Function Design
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Overview and Air Conditioning Example

Inputs

￮ Engine Load

￮ Accelerator Pedal Position

Parameters

￮ Load Threshold

￮ Accelerator Pedal Threshold

￮ Max Cut-off Time

Outputs

￮ Compressor Voltage
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Function Design
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Virtual Simulation – Not real time
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Function Design
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Rapid Prototyping – Real Time Simulation
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Function Design

31

Rapid Prototyping with Real Hardware

ES910

ES930
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Function Integration
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Multiple Functions Simulation
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V-Cycle
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Software Architecture, Implementation and Integration

ECU
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Software Architecture

34

Standard Software x Automotive Software

Hardware

Software
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Software Integration
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ASCET Workflow

ASCET-SE
Code Generation
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Virtual Testing and Validation
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How complicated is to calibrate an engine?
How long does it takes? Why?



Public | ETAS/SBZ | André Pelisser| 2018-04-26

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

HiL Motivation

38

Calibration Complexity Evolution – Number of Parameters
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HiL Motivation
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Calibration Complexity Evolution – Cost Share
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V-Cycle
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Virtual Testing and Validation
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HiL - Concept
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Real Car and ECU Communication

Real Vehicle

ECU

Real Time Electric Stimuli
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HiL - Concept

43

Virtual Car – Real Time Eletric Stimuli Emulation
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HiL Applications
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Virtual Dyno and Virtual Engine
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HiL Applications
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Anywhere in the world in just a click!
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HiL Applications
Scalable Testing
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Complete Vehicle HiL Setup
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HiL Applications
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Field Problem Diagnostics
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Measurement and Calibration
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What is the best way to share information in an
Automotive Enviroment?
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Motivation

CAN Bus

Engine

Engine Control Unit Transmission Control Unit

RPM
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Motivation

CAN Bus

Engine Drivetrain

Engine Control Unit Transmission Control Unit

Body

CAN Bus

Body Control Unit
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CAN Bus

55

Network Topology

CAN Node A CAN Node B

CAN Node C

120Ω 120Ω

CAN High

CAN Low
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CAN Bus
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Physical Layer

1 0 0 1 0 1 1 0 0 1

5V

0V

2.5V

CAN High

CAN Low
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How can an ECU be Accessed and Calibrated ?
What are the calibrator’s tools?
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V-Cycle
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Measurement and Calibration



Public | ETAS/SBZ | André Pelisser| 2018-04-26

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

Measurement and Calibration
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Calibrator Tasks

Base Mapping Cold Start

Emission Testing Diagnosis

ADAS
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Measurement and Calibration
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Calibrator Tools
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INCA – The measurement and Calibration Solution
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Overview

￮ ETAS solution for Measurement and Calibration task

￮ INCA is used by every OEM and most Tier 1

￮ More than 2000 licenses in Brazil

￮ INCA is used in all market segments:

￮ Chassis

￮ Body

￮ Powertrain

INCA Tasks

￮ HW Configuration

￮ Experiment Environment

￮ Measure Data Analysis

￮ Calibration Data Manager

￮ ECU Flashing

￮ Test Bench Interfaces

￮ Automation

￮ Other AddOns for specific need
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INCA – The measurement and Calibration Solution
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Basic Calibration Workflow
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ECU Access

63

Development ECU
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ECU Access
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Production ECU
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ECU Access
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￮ ASAM-MCD-2MC (ASAP2) File:
￮ Specifies:

 Variable Names

 Conversion Formats

 Memory Address

 HW Interface

 Unit

 ...

￮ HEX File:
￮ Contains Compiled Code:

 Controller Calibration data

 Controller SW intructions

A2l & HEX Files
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ECU Access
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A2l & HEX Files
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ECU Access
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ECU Memory Structure - Calibration
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ECU Access
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Working Page and Reference Page
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ECU Access
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CAN – Possible Protocols

CAN ≠CCP

CAN is the FRAME

ID DATA BYTES

CCP is the CONTENT and how it is placed on the 
CAN Frame

ID DATA BYTES

Specific ID CMD ERR CTR DATA
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Automotive Protocols
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Different Applications
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ECU Access
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CCP – CAN Calibration Protocol
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ECU Access
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ETK and ETK Protocol
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ECU Access
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ETK – Memory Layout
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