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1.1

1.2

1.3

Introduction

This tutorial teaches the INCA novice all elementary steps applicable to two typ-
ical tasks performed with INCA: measurement and calibration. The tutorial does
not require any knowledge of INCA.

Intended Use

INCA and INCA add-ons are developed and approved for automotive applications
and procedures as described in the user documentation for INCA and INCA add-
ons.

INCA and the INCA add-ons are intended to be used in industrial labs and in test
vehicles.

ETAS GmbH cannot be made liable for damage that is caused by incorrect use
and not adhering to the safety information.

Target Group

This software product and this user guide address qualified personnel working in
the fields of automotive ECU development and calibration, as well as system
administrators and users with administrator privileges who install, maintain, or
uninstall software. Specialized knowledge in the areas of measurement and ECU
technology is required.

Classification of Safety Messages

Safety messages warn of dangers that can lead to personal injury or damage to
property:

Y/ \N—

DANGER indicates a hazardous situation that, if not avoided, will result in death
or serious injury.

A WARNING

WARNING indicates a hazardous situation that, if not avoided, could result in
death or serious injury.
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CAUTION indicates a hazardous situation that, if not avoided, could result in

minor or moderate injury.

NOTICE

NOTICE indicates a situation that, if not avoided, could result in damage to

property.

Safety Information
Observe the following safety information when working with INCA and INCA add-

ons:
A WARNING

Risk of unexpected vehicle behavior

Calibration activities influence the behavior of the ECU and the systems that
are connected to the ECU.

This can lead to unexpected vehicle behavior, such as engine shutdown as well
as breaking, accelerating, or swerving of the vehicle.

Only perform calibration activities if you are trained in using the product and
can assess the possible reactions of the connected systems.

A WARNING

Risk of unexpected vehicle behavior

Sending messages via bus systems, such as CAN, LIN, FlexRay, or Ethernet,
influences the behavior of the systems connected to it.

This can lead to unexpected vehicle behavior, such as engine shutdown as well
as breaking, accelerating, or swerving of the vehicle.

Only perform the sending of messages via a bus system if you have sufficient
knowledge in using the respective bus system and can assess the possible
reactions of the connected systems.

Adhere to the instructions in the ETAS Safety Advice and the safety information
given in the online help and user guides. Open the ETAS Safety Advice in the INCA
help menu ? > Safety Advice.
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1.6

Data Protection

If the product contains functions that process personal data, legal requirements
of data protection and data privacy laws shall be complied with by the customer.
As the data controller, the customer usually designs subseguent processing.
Therefore, he must check, if the protective measures are sufficient.

Data and Information Security

To securely handle data in the context of this product, see the INCA Help section
‘Data and Information Security”.
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INCA Basics

INCA is a measuring, calibration, and diagnostic system that provides com-
prehensive measuring support. INCA aids you in all essential tasks during control
unit calibration, evaluates the measured data, and documents the calibration res-
ults.

INCA lets you read measured data from the control unit and the engine in parallel.
The program helps you determine measured engine data such as lambda, dif-
ferent temperatures and voltage values, etc. With INCA, you don't just get a tool
that will adapt to a variety of different control units, but also a system that will
optimize a wide range of different vehicle components.

INCA is an "open system®. Consistent implementation of the ASAM-MCD stand-
ard and support for data exchange formats that are established in this envir-
onment allow this program to be used for any ECU interfaces (can be customized
to any manufacturer's control units) and to be integrated in existing data pro-
cessing infrastructures.

INCA consists of a measurement and calibration core system which can be
enhanced by various add-ons and customized extensions (e.g. INCA-MIP,
INCA-QM-BASIC, INCA-FLEXRAY) that can be integrated in INCA. In addition to
that, INCA offers open interfaces which allow for the adaptation of INCA core cap-
abilities as well as the remote control of INCA by other applications.

Guided and
automated calibration Measurement, ECU calibration and diagnostics
and validation

Measurement data

. EHANDBOOK
analysis

INCA-FLOW MDA NAVIGATOR
Guided Calibration Measure Data Reading
and Automation of Analyzer EHANDBOOK

INCA documents

EHOOKS-CAL
EHOOKS-BYP
Access to
ECU Hooks

INCA-EIP
Experimental Target
Integration Package

CAN-TRANSMIT
Sending of CAN
messages

INCA-FLOW
Tool Boxes

INCA-MCE
Measurement
and Calibration

Embedded

INCA-FLEXRAY INCA-LIN
Flexray Integration LIN Integration
Package Package

INCA-QM-BASIC INCA-RDE
Basic Quality and Real Driving
Maturity Tracking Emissions Package

INCA-MIP
MATLAB Integration

INCA-TOUCH
Measuring and
Calibration During
Test Drives

ODX-LINK VOICE-RECORDER
Diagnostics Voice in parallel to
Integration Package measurement

Fig. 2-1:  INCA System Overview
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2.1

Concepts

This section introduces the main concepts and procedures used in the tutorial:

Measurement task

The state of the engine is assessed using sensors. A sensor measures an
engine parameter and makes the value available to the ECU as a number. The
measurement task consists of sampling all sensor values over a certain period
of time, and recording them. The resulting record documents the engine beha-
vior for a certain set of calibration values.

Calibration task

It is the task of the ECU (Electronic Control Unit) to control the engine so it
exhibits a desired behavior. The ECU uses a feedback process to do this: it
measures the state of the engine using sensors, and then changes the state
of the engine towards the desired behavior using actuators. The new state is
measured and adjusted again and again, until an equilibrium is reached. Cal-
ibration is the process of adjusting the feedback parameters in such a way
that the car exhibits the desired behavior when the equilibrium state is
reached. Because the state of the car changes as it is driven, there are many
of these equilibrium states, usually called process points. A car is non-linear
system, and the control algorithm cannot rely on mathematics to determine
the feedback values. Instead it looks up the required actuator settings in a set
of tables, using the sensor values as lookup criterion. The calibration task con-
sists of setting the values in the tables. The same ECU can have different valid
sets of calibration values implementing a different behavior, one set for a fast
car, for example, and another set for an economical car.

Memory Emulation

Classically, the ECU memory consists of read-only memory for calibration
data. This means that the calibration data can't be changed directly. You use
hardware, such as the ES800 system in combination with INCA, to bridge the
ECU's read-only memory with random access memory. The calibration data
are then loaded into the INCA random access memory, enabling calibrators to
change the data on the fly without having to change the contents of the
actual ECU memory.

Some modern ECUs use the CAN bus protocol, which provides calibration sup-
port. If CAN calibration support is implemented in the ECU program, it is pos-
sible to change the ECU data on the fly without having to emulate the ECU
memory. To make CAN possible the ECU contains a programmable semi-per-
manent memory, the contents of which remains available after a power cycle.



Variables, measure variables, calibration variables (characteristics, curves,
and maps)

The term variable is used as a collective name for both measure variables and
all types of calibration variables.

In general, a measure variable is a value passed by a sensor, and can be used
as a lookup value for calibration variables. Moreover, it is possible to measure
derived or calculated characteristics, or, with corresponding settings, also cal-
ibration variables.

There are three types of calibration variables:

1. Characteristics are fixed values used as constants by the ECU program
after they are adjusted during the calibration process.

2. The ECU uses look-up table to determine the required value of an actuator
setting as a function of measure variables (see Calibration Task). If one
variable is used to look up one output value, the table is called a curve,
because it can be represented graphically as an xy-curve.

3. Alook-up table using two or more measure variables to find one output
value is called a map, because of the analogy to an elevation map; think of
the input variables as the coordinates, and the output value as the elev-
ation of a certain location on the map.

Maps that derive the output value from three or more input values are
called multi-dimensional maps.

Process point

For any curve or map, the process point is the current lookup value passed to
the ECU. The process point changes with the value of the measure variable
used as lookup criterion into the curve or map. The process point can be visu-
alized on the map; in a tabular calibration editor the cell holding the current
lookup value is 'selected'. As the process point changes, the selection moves
across the cells of the table.

Database and Database Manager

All data created while performing calibration and measurement tasks (work-
spaces, experiments, projects, datasets, measurement variables catalogues,
and CAN-DB descriptions) are kept in a database. In order to effectively use
and organize the data INCA features the Database Manager, allowing you to
access, reorganize and create data through a graphical user interface. The
Database Manager is the INCA main window, which is the window you see
after starting up INCA.

INCA can handle more than one database at a time. This allows you to seg-
ment your data into several sets, each corresponding to a single experiment
or vehicle, and store them in their own database. This makes the data more
transparent and enhances INCA's performance.



Workspace

A workspace is the umbrella combining the experiment, the project, and the
hardware configuration into a consistent file set you can save and load
between calibration sessions.

Experiment

An experiment is a predefined set of windows filled with those variables and
maps needed to perform a certain calibration or measurement task. An exper-
iment is stored in the database and allows you to quickly set up INCA for a cer-
tain task by loading it.

Project

A project consists of the definition of all values related to calibration, and a
dataset reflecting a certain version of the ECU program and calibration values.
The projectis stored intwo files: a *.a21 and a * . hex file, and referenced in
the database.

The A2L description file (*.a21) contains the physical description of the data
and/or parameters of the control unit program, e.g.:

— Structural information

— Memory size

— Addressranges (e.g. of each measured signal and parameter)
— Names of the measured signals and parameters

The hex file (* . hex, *.s19; Intel hex or Motorola format) contains the control
unit program consisting of the code and the data. The contents of this file can
be directly loaded into the control unit and executed by the respective pro-
Cessor.

Hardware Configuration

The hardware configuration defines the hardware used for a certain task and,
for application hardware, the project to be used and the corresponding data-
set.

Dataset

The values making up the characteristics, curves and maps are stored in per-
manent memory in the ECU, and accessed by the ECU processor. A set of cal-
ibration values stored in the database is called a dataset. Datasets are
versioned; a certain version corresponds to a certain calibrated behavior. Data-
sets are stored in *.hex or *.s19 files and referenced in the database.

INCA provides the Memory Page Manager to manage different datasets (work-
ing and reference datasets). This is a versatile tool which you can use to copy
memory contents in any direction. For example, it allows you to read data ver-
sions into and from the control unit or copy data from the working data version
to the reference data version or vice versa.
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The different datasets of the working page and reference page are stored sep-
arately in INCA as the working dataset and the read-only reference dataset.
Read-only datasets are identified by a red frame.

When loading the first HEX file, the code portion is mapped to the control unit
project (transparent to the user). The data portion of this HEX file is stored as
the so-called "Master” dataset. The master dataset is then used to also cre-
ate the required working dataset.

User profile

A user profile is a collection of settings for a certain user determining the look
and feel of the INCA user interface. A profile can be saved and loaded
between sessions. This allows users to quickly configure the INCA user inter-
face settings to fit their requirements. Profile settings include start behavior,
window size, window arrangement, paths and many more.

Measure Data Analyzer

The Measure Data Analysis (MDA) program is an offline instrument for dis-
playing and analyzing recorded measurement data. It runs in its own program
window and works in display mode or in analysis mode. Its appearance and
functions resemble those of an oscilloscope in the INCA Experiment Envir-
onment. Online measurement, however, is not possible in MDA.

Concepts Applied to the Calibration Process

Fig. 2-2 shows the calibration cycle, and the role of INCA in the measurement and
calibration processes. The engine's behavior is dictated by calibration data
present in the ECU. During a calibration session the calibrator works on the cal-
ibration data to optimize the engine's behavior.

1. By emulating parts of the ECU's memory INCA allows dynamic changes to
the calibration data.

2. By providing a window on the on-line data in the ECU INCA allows cal-

ibrators to inspect the engine’s behavior and see if their changes have the
desired effect.

3. Therecording capabilities integrated into INCA allow the tester to present
the test datain a report.
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Fig. 2-3 shows a functional block diagram of INCA. INCA interfaces with the ECU
and can directly access its memory. A graphical user interface allows the user to
interact with the ECU.

1. INCA can emulate the ECU memory.
2. The ECU then uses the data in INCA as if they were its own.

3. This allows the calibrator to manipulate the calibration data and ECU pro-
gram on the fly without having to change the actual ECU memory.

4. INCA can access the ECU memory directly. Measurements can be recorded
to be used in reports.

® @ r-'g’fﬂ
o |7

& o q— 0

ECU Test Report

G — e il

INCA \

Calibrator

Fig. 2-3: Memory emulation
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Preparation

Before starting with the tutorial you must prepare the system.

You must have an INCA system installed and running on the computer you want
to use for the tutorial. INCA can be started from an icon on the desktop, or from
the Start menu.

@ Note

The tasks in the tutorial can be performed in demo mode, meaning you do not
need any actual hardware. The hardware is simulated by the ETK Test Device

and the VADI Test Device. The devices are installed along with the INCA soft-

ware; you do not have to install them separately.

Make sure that the following files are present in the

1 .
<INCA base>" \ETASData\INCA7.5\Data\Demo directory

— 0400.hex
— 0400.a21

Make sure that the computer you use for this tutorial has an Internet browser
installed on it, and that the extension . HTM is associated with the browser.

Overview and objectives

Lambda calibration optimizes the way that fuel is burned in the engine in order to
reduce overall fuel consumption and emissions. The Lambda value specifies the
air-fuel-ratio of the air-fuel mixture that gets burned inside the cylinder. Accord-
ing to theory you need 14.7 kilograms of ambient air to completely burn 1kilogram
of fuel. Before the introduction of Engine Control Units (ECUs), the only way to
make sure the engine would run in any environment (during a cold start, for
example) was to adjust the amount of air let into the engine below the the-
oretical amount, making the mixture richer in fuel. The result of this was that not
all the fuel in the mixture was burned, and the exhaust gas would be rich in
unburned and half-burned fuel. This method of running the engine with too little
air is called rich engine management.

ECUs enabled using the measured value fuel rest in the exhaust gas (Lambda) in
a control loop making the engine use less fuel. The new method is called lean
engine management. In this tutorial you analyze and calibrate the control loop
enabling lean engine management: the value of the Lambda sensor in the
exhaust pipe is used to control the air throttle at the engine inlet.

b Disk drive or root directory containing the corresponding folder



What you have learned after completing the tutorial

At the end of the tutorial you will be able to perform measurement and calibration
tasks well enough to be able to work out the finer details of INCA's functionality
with the aid of the on-line help system as a reference as you practice your skills
during your first real assignments with INCA. In addition, you will have a profile
and a sample workspace and experiment at your disposal that you can use to
jump-start your future calibration assignments.
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4.2
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Lesson: Creating the Database

Learning time: 15 minutes.

Objectives

You will ready the INCA system for the Lambda calibration task by setting up the
database you need to carry out the task.

Review of the Most Important Concepts

Database and Database Manager

All data created while performing calibration and measurement tasks (work-
spaces, experiments, projects, datasets, measurement variables catalogs, and
CAN-DB descriptions) are kept in a database. In order to effectively use and
organize the data INCA features the Database Manager, allowing you to access,
reorganize and create data through a graphical user interface. The Database
Manager is the INCA main window, which is the window you see after starting up
INCA.

INCA can handle more than one database at a time. This allows you to segment
your data into several sets, each corresponding to a single experiment or vehicle,
and store them in their own database. This makes the data more transparent and
enhances INCA's performance.

Tasks

After starting INCA you see the user interface (see image in the next chapter
Create a New Database), the Database Manager. The top left field, Database
Objects, that shows the database tree structure is referred to as the navigator
field in this tutorial. The navigator field shows all elements in the current data-
base. The structure you see reflects the database structure, not the hierarchical
structure outlined in the concepts chapter. You can expand and collapse folders
in the database by clicking the + and - icons, and select objects in the folders by
clicking them, like in Windows Explorer.

The other fields provide information about the object currently selected in the
navigator field.

The bottom left field is used for general comments about the item which is selec-
ted in the field above.

The right side of the Database Manager is variable. Which fields are displayed
here, as well as the information in them, also depends on the type of object selec-
ted in the navigator field.
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Create a New Database

It is recommended that you create a new database for every new experiment.
This practice keeps the data transparent and the data volume associated with
individual experiments manageable.

To create a new database

1. Select Database > New.
2. Inthe "New Database” dialog, enter Tutorial.
3. Click OK.

B INca - ul
Database Edit View Options Utilities Dataset ?
VOH rBoX BT 2 PmeH IR ICHE O

1 Database Objects

[® DEFAULT

2 Folder Comment
(13.02.2020 14:38:51 250 39)

Filter: none DB: [INCA 7 <cl incal Tutorial\> User: <TUTORIAL>

After this, the navigator field is empty except for the item DEFAULT, whichis a
default and empty folder. The second field in the status bar along the bottom of
the screen indicates which database is active: DB: <Tutorial>.

Create a Top Folder in the Database

To be able to create database items such as workspaces, experiments, and pro-
jects, you must first create a top folder. In the next few lessons you create
folders with the other database elements as sub-folders under the top folder.

INCA V7.6 | Tutorial
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To create a top folder
1. Select Edit >Add>Add top folder.

2. Rename the new folder Tutorial and press <ENTER>.

B INcA
Database Edit View Options Utilities Dataset ?
FUE B X RTE L e @S R RXOEE
1 Database Objects
(] DEFAULT

cREEE

2 Folder Comment
(13.02.2020 14:41:30 375 40)

Filter: none DB: [INCA 7. <c\ inca7. \ Tutorial\> User: <TUTORIAL>

The top folder is displayed in the navigator field as shown in the screen shot
above. Below the top folder you create the other folders in the other lessons of
the tutorial.

4.4 Questions
Answer the following questions to test your understanding of the subject matter
presented in this lesson.

1. Theright side of the Database Manager always contains the same fields.
A. True

B. False

2. Arrange the following steps in the correct order:
A. Create database structure

B. Create database

C. Create top folder

4.5 Summary

In this lesson you learned how to create a new database with its top folder.

INCA V7.6 | Tutorial
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5.2

Lesson: Setting Up a Workspace

Learning time: 30 minutes

Objectives

In this lesson you set up a workspace for Lambda calibration. The workspace con-
tains an experiment as well as a project with its hardware configuration. In addi-
tion, you learn to configure the hardware module by adding an auxiliary
measurement device.

Review of the Most Important Concepts

Workspace

A workspace is the umbrella combining the experiment and the projectinto a
consistent file set you can save and load between calibration sessions.

Project

A project consists of the definition of all values related to calibration, and a
dataset reflecting a certain version of the ECU program and calibration values.
The projectis stored intwo files: a *.a21 and a * . hex file, and referenced in
the database.

The a2l description file (* . a21) contains the physical description of the data
and/or parameters of the control unit program, e.g.:

— Structural information

— Memory size

— Address ranges (e.g. of each measured signal and parameter)
— Names of the measured signals and parameters

The hex file (* .hex, *.s19; Intel hex or Motorola format) contains the control
unit program consisting of the code and the data. The contents of this file can
be directly loaded into the control unit and executed by the respective pro-
Cessor.

Hardware Configuration

The hardware configuration defines the hardware used for a certain task and,
for application hardware, the project to be used and the corresponding data-
set.

Dataset

The values making up the characteristics, curves and maps are stored in per-
manent memory in the ECU, and accessed by the ECU processor. A set of cal-
ibration values stored in the database is called a dataset. Datasets are
versioned; a certain version corresponds to a certain calibrated behavior. Data-
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sets are storedin * .hex or * . s19 files and referenced in the database. These
files are binary images of the ECU memory, and beside the calibration data
they also contain the ECU program itself.

INCA provides the Memory Page Manager to manage different datasets (work-
ing and reference datasets). This is a versatile tool which you can use to copy
memory contents in any direction. For example, it allows you to read data ver-
sions into and from the control unit or copy data from the working data version
to the reference data version or vice versa.

The different datasets of the working page and reference page are stored sep-
arately in INCA as the working dataset and the read-only reference dataset.
Read-only datasets are identified by a red frame.

When loading the first HEX file, the code portion is mapped to the control unit
project (transparent to the user). The data portion of this HEX file is stored as
the so-called "Master” dataset. The master dataset is then used to also cre-
ate the required working dataset.

Tasks

Create a Workspace
First you must create a new workspace in the database.

To create a workspace

1. Select the top folder you want to create the workspace in. Here, select the
Tutorial folder.

2. Select Edit > Add > Add Folder.
3. Rename the new folder to Workspace and press <ENTER>.

4. Make sure the Workspace folder is selected.
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5. Select Edit > Add > Workspace.

6. Rename the new workspace OneETK and press <ENTER>.

& Inca = O
Database Edit View Options Utilities Dataset Experiment Project Device ?
FOR B X BB L LoD H @EIOEE O
1 Database Objects

¢l DEFAULT [$7)
= ¢ Tutorial

£ ] Workspace .

“ 4 Project/device
&>

[Workspace

2 Workspace Comment
(13.02.2020 14:43:27 484 42)

@

Filter: none  DB: [INCA 7. database] <c)\etasdata\inca7. \database\Tutorial\> User: <TUTORIAL>

The name OneETK is chosen to reflect the environment used in this tutorial: a
setup with a single ETK. An ETK is a parallel interface to the ECU used by INCA.

If the new workspace is selected you see some empty fields on the right side of
the Database Manager that contains the experiments, projects, and hardware
for the workspace. To be able to fill these fields with the appropriate experiment,
project, and hardware, you must first create them.

In order to be able to use a database object in your workspace, you must assign it
explicitly to the workspace.

In this lesson you create the project and the hardware description. In the next les-
Son you create the experiment.

53.2 Create and Assign a Project

After assigning the A2L file to the project, INCA is able to access and interpret
the memory contents of the described ECU. Note that this also means that while
working with this description, INCA can access only the exact ECU described by
the description file, and no other.

The project is placed in a new project folder, which is placed directly under the
top folder, not as a subfolder to the workspace folder. This enables you to use
the project hardware for different experiments, which use different workspaces.
Although such a database folder structure is not one-to-one with the INCA use
model, it allows full leverage of all the database elements you create. This
approach works well for beginners, but keep in mind that there are many ways to
organize your data. In the future you may want to develop other schemes to fit
the requirements of a certain project.
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The ECU cannot work without values for the characteristics, curves and maps, so
in addition to the description of the ECU memory, INCA needs an initial set of cal-
ibration data to work with. Note that the calibration data are not part of the
description file, and you can have many calibration datasets in a single project,
each representing a different phase in the calibration, or a different calibration
profile.

To create and assign a project

1. Select the top folder Tutorial.

2. Select Edit > Add > Add Folder.

3. Rename the new folder Project 0400.

4. Make surethe Project 0400 folder is selected.
5. Select Edit > Add > ECU project (A2L).

The "Read ASAM-2MC from:" dialog pops up.

@ Read ASAM-2MC from:

T > Dieser PC » (C) Windows > ETASData > INCA7.E > Data > Demo v O "Demo” durchsuchen R

Organisieren »  Neuer Ordner = m
Name Anderungsdatum  Typ Groe
s Schnellzugriff
[ 0200221 09.04201909:16  A2l-Date 185 KB

- D=EE [] Dema03.a2l 090420190916 A2L-Date KB
|| Demo03_UPN.a2l 09.04.2019 09:16 A2L-Datei 10KB
|1 Demoo7.221 09.04.2019 0%:16 A2L-Datei 15 KB
|| Demo08.a21 09.04.2019 09:16 A2L-Datei 57 KB

¥ Netzwerk

Dateiname: |0400.a21 v‘ ASAM-2MC (*.a21) ~

6. Browsetothe <INCA base>\ ETASData\INCA7.5\Data\Demo dir-
ectory, select the file 0400.a2l and click Open.

The "Select Data File" dialog appears.

7. Browse to <INCA base >\ETASData\INCA7.5\Data\Demo directory, select
the file 0400.hex, and click Open.
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B INcA = O
Database Edit View Options Utilities Dataset ?

FUH B XS pODeH PR ROES O
1 Database Objects 3 Datasets

J DEFAULT = ¢ 0400
= ¢ Tutorial L BE 0400 <TUTORIAL>

= ¢ Project_0400

| e
= ¢1 Workspace
 OneETK

(13.02.2020 14:48:24.0) Ch: 0
4 ECU Documentation

Project - 0400 & @ X
2 Project Comment 5 Dataset Comment

ASAM-2MC file: CAETASData\INCA7. \Data\Demo\0400.a21 ~ | || the source of this dataset is the hexfile:

CAETASData\INCA7. \Data\Demo\0400.hex

PROJECT NAME: Stim_buff3gh1_bypass 09.04.2019 08:16:28 770 KB

PROJECT LONGIDENTIFIER: Generated from ASCET-SD Project Stim_buff3.1_byy

HEADER VERSION: Stim_buff3.1_bypass its code part will be used for all datasets of this project (ASAP2 program d
HEADER PROJECT_NO: ASCETSD

MOD_PAR CPU_TYPE: C167

v
< > < >

Filter: none DB [INCA 7. database] <C\etasdata\inca7. |\database\Tutorial\> User: <TUTORIAL>

Note that only the description, not the calibration dataset, is shown as a
separate database item in the database navigator field. If you select the
new project description 0400 in the navigator field you see all calibration
datasets valid for this description in the Datasets field on the right-hand
side of the Database Manager. Continue with assigning the newly created
project to the oneETK workspace:

Select OneETK workspace in the Workspace folder.

Select Project > Add Project/Dataset.

The "Select project and working data" dialog appears.

Select the 0400 project in the navigator field on the left-hand side of the
dialog.

Select the master dataset 0400 in the Datasets field on the right-hand
side of the dialog.

Select project and working data for Virtual:1\Offline device:1

Edit View Dataset

1 Projects Add 3 Datasets
] DEFAULT = ¢J 0400

= 9 Tuoral s
& ¢J Project 0400

@ 0400
©J Workspace

(13.02.2020 14:48:24.0) Ch: 0
Project - 0400

2 Project Comment 4 Dataset Comment
ASAM-2MC file: G\ETASData\INCA7. \Data\Demo\0400.a2! A || | the source of this dataset is the hexfile:
CAETASData\INCA7. \Data\Demo\0400.hex
PROJECT NAME: Stim_buff3gh1_bypass 09.04.2019 08:16:28 770 KB
PROJECT LONGIDENTIFIER: Generated from ASCET-SD Project Stim_buff3.1_by
HEADER VERSION: Stim_buff3.1_bypass its code part will be used for all datasets of this project (ASAP2 program de

HEADER PROJECT_NO: ASCETSD
MOD_PAR CPU_TYPE: C167

< > < >

oK Cancel

Click OK.
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The "Add new device for project” dialog opens.

@ Add new device for project

The following hardware modules can be used & &= | * V‘ %
with the selected project. Select the module
you want to add to the hardware
configuration.

Available HW devices
PES592..
«PES593-D...
B ES595..,
PES910.3...
<P ES910/SimulationSystem...
HITS test system...

If you do not explicitly assign a device and close this dialog with Cancel, an
offline device is assigned by default after selecting a project/dataset. This
hardware is intended as a placeholder if you do not select a device right
now and want to prepare your experiment at first.

In the present example, a ES592 is to be used instead of the offline device.

Under ES592, select device ETKC.

. Click OK.

Now select the oneETK workspace in the navigator field, and have a look at
the fields on the right-hand side of the Database Manager.
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@ incA - ul
Database Edit View Options Utilities Experiment Project Device Dataset ?
FUH+D ¥ BTE L L PO B M@ ROEE
1 Database Objects 3 Experiment
& ¢ Tutorial &
=¢J Proj ?
= {J Project_0400
@ 0400 4 Project / Device
= ¢J Workspace & o
|—h; OneETK <active> W@ X ? &
0400 ETKC:1
WP: 0400
® RP: 0400
(Workspace
2 Workspace Comment 5 Hardware
(28.11.2023 13:44:04 47 1531) )
= & ES592:1
& ETKC:1
6 CDM Configuration
€]
Filter: none DB:
You see:

The Experiment field at the top contains the experiment assigned to the
workspace. Because you have not assigned an experiment yet, this field is
empty. You assign an experiment in "Lesson: Setting Up an Experiment” on
page 36.

Two boxes in the Project/Device field.
The left box has three entries indicating the currently used project data.

The top entry (0400) is the name of the project description.

The next entry (Wp: 040 0_1) is the name of the currently used working
dataset (WP means working page and refers to a ‘page’ of memory with the
working dataset). Note that you have neither created a working dataset,
nor assigned the name 0400 1. Because a project must have a working
dataset, 0400_1 was created and named automatically by INCA using the
master dataset you loaded earlier as a basis (the use of working and ref-
erence datasets is explained in "Lesson: Calibration” on page 69).

The last entry (RP: 0400) is the currently used reference dataset (RP
means Reference Page), referring to a read-only copy of the master data-
set.

The right frame contains the ES592 : 1and the ETKC: 1 entry thatis the
hardware module currently used. Since a project in INCA must always have
a hardware module, we have selected this hardware module temporarily.

5.3.3 Configure the Project Hardware

To be able to perform the tutorial without real hardware, the hardware must be
simulated. For this reason, the ES592 is replaced with a test systemin this step.
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@ Note

The TS test system simulates a real hardware. The test system can be used to
measure simulated measured values and change calibration variables without
using real hardware. However, the test system does not perform any raster
check and is, therefore, not suitable for preparing a real experiment. It is used
solely for exercise purposes.

In this tutorial you add the ETK Test Device hardware to the OneETK work-
space.

To configure the project hardware

1. Select the ETKC: 1 hardware module in the right frame of the Pro-
ject/Device field in the Database Manager.

2. Select Device > Replace Device.

3. INCA analyzes the project and displays the Add new device for project
dialog, with a list of hardware interfaces and associated devices.

The list is based on specifications given in the project description file.

@& Add new device for project

The following hardware modules can be used g% 7= | N V‘ %
with the selected project. Select the module
you want to add to the hardware
configuration.

Available HW devices
P ASI51..
BES592...
«PES593-D...
P ES595..,
<PESY10.3...
<P ES910/SimulationSystem...
[= HaTS test system
L

é:

4. Selectthe ETK test devicelistedunderthe TS test systeminter-
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face, and click OK.

@ Inca = u]
Database Edit View Options Utilities Experiment Project Device Dataset ?
LR e poeB DR COHES 0
1 Database Objects
€l DEFAULT [
= ¢J Tutorial
= ¢J Project_0400 B
@ 0400 4 Project/device
= worspace FLK Do
e e
WP: 0400_1
® RP: 0400
&
I TS test system:1
ETK test device:1
Workspace
2 Workspace Comment
(13.02.2020 14:43:27 484 42)
@
Filter: none DB:[INCA7. database] <c)\etasdata\inca7. \database\Tutorial\» User: <TUTORIAL>

Now, if you select the oneETK workspace again, you see that the current hard-
ware module has changed toETK test device:1, and that the same device is
listed forthe TS test system:1 interface in the Hardware field. The ES592
device has been replaced by the new device, and has disappeared.

The hardware module you have defined can access the ECU using the definitions
given in the project description file. Often, however, you want to use additional
measurements from hardware components external to the ECU. Because these
modules aren't specified in the project description file, you must provide the
description of the values returned by the modules yourself. This task is called
‘configuring the device'. As an example, you now add the VADI test device..

@ Note

If real INCA hardware is connected to the computer, you can also have INCA
automatically search for available devices by using the menu option Hardware
> Search for hardware. In this tutorial, however, the devices are simulated,
and are added manually.

To add the additional VADI hardware component

1. Select the oneETK workspace.

2. Select Device > Configure Hardware or click Q\-p

The Hardware Configuration Editor appears.
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& Hardware: >OneETK< Experiment: >Default<

file Hardware Device Channels View MCE ?
Aa@i@EXeEn @R
1 Hardware devices 2 Parameters 3 Info

£ HWK One£TK ETK test device
5 TS test system:1 Option Value

PETC test device:t

bl =CU OFF/No init./no ECU acces e ETK test device:l
Meas. ailure behavior Abort after failure
Time stamp quantizaticOff

Connection behavior ~ Prompt for reinitialize

Project Tutorial\Project_0400\0400
working data 0400\0400_1

Reference data

Differences (bytes)

Log out behavior No Automatic Flash Back

Check memory pages  Always check
at initialization

Name of the device
 Device inactive (Status not detected)
2 Device not connected

3 Device connected Additional...
@ No init. or no access
[F HW status can not be detected

Apply Reset

By displaying Hardware: >OneETK< inits title bar the window indicates
that the device to be configured is added to the hardware module of the
OneETK workspace. The Hardware Devices field at the left-hand side of the
window shows the dependencies of the devices in a tree structure. Do not
confuse this tree structure with the navigator field of the Database Man-
ager; the Hardware Configuration Editor shows hardware components
only. The right-hand side of the Hardware Configuration Editor shows the
configuration parameters for the device to be configured. The information
is distributed over several forms accessible through the tabs along the top
of the forms. Proceed by adding the new VADI device:

Selectthe Ts Test System:1 interface in the Hardware Devices field of
the Hardware Configuration Editor.

Select Device > Insert.

The Add Hardware device dialog appears, showing a list of available
devices.

B Add hardware device

Select the new modules youwantto add to [ = Q

the hardware configuration.
Available HW devices
< DriveRecorder.. "
SES511
@ESS12
“PES523,
FES5814..
FES582.1..
FES583.1
FES584.1
PES592
PES593-D..
PES595..
EPESEXX
BESBxK.
<PES9103.
SPES910/SimulationSystem...
) Ethernet-System...
I GPS_System.
#1PC/SimulationSystem...
HIRTPRO-PC..
= #TS test system
@ ETK test device
L VADI test device
< Vector CANCardXLe..

51 B \artnr CANC2caV] v

Multiplicity (Active) C

6. Select VADI test device from the list, and click OK.
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7. Youreturn to the Hardware Configuration Editor. The entry VADI test
device:1 (1) isadded to the devices listed in the Hardware devices
field.

& Hardware: >OneETK< Experiment: >Default<

File Hardware Device Channels View MCE ?
@ B (@@ > |
1 Hardware devices 2 Parameters 3lnfo 4 Channels
= HWK OneETK VADI test device
L5 75 test system:1
& ETK test device:1
= ECU OFF/No init/no ECU access e
2 VADI test device:1 (1) Meas. failure behavior Abort at start,try again later

Option Value ~
VADI test device1

Time stamp quantizaticOff
Catalog

Acquisition rate 1 [ms] 0.5
Acquisition rate 2 [ms] 1.0
Acquisition rate 3 [ms] 2.0
Acquisition rate 4 [ms] 5.0
Acquisition rate 5 [ms] 10.0
Acquisition rate 6 [ms] 20.0
Acquisition rate 7 [ms] 50.0
Acquisition rate & [ms] 1000
Acquisition rate 9 [ms] 2000

- Device inactive (Status not detected) e =

2 Device not connected Name of the device

& Device connected
@ Noiinit. or no access

[ HW status can not be detected
Apply Reset

If you now select the VADI test device:1 (1), theright-hand side of the
Hardware Configuration Editor shows the parameters for the new device. The
form with the Parameters tab allows you to set parameters for the entire module.
The form with the Info tab gives information about the device. The form with the
Channels tab allows you to configure the individual channels of the VADI device.

For this tutorial, keep the default values, created automatically when you added
the device, for all the parameters of the VADI device.

Note the stop icons displayed in front of the devices listed in the Hardware
devices field of the Hardware Configuration Editor. The stop sign means that
the device is specified, but not yet active. To activate the devices, you must ini-
tialize them. When you initialize devices, INCA attempts to establish a connection
to all the devices specified in the hardware module. For those devices where the
initialization was successful, the icon changes to a sign with an up arrow to indic-
ate the device is active.

@ Note

In this tutorial, you can initialize the devices even though no actual hardware is
connected to the computer because the devices are simulated. In a real work-
space, in which you are using real and non-simulated hardware, you can suc-
cessfully initialize and enable these devices only if they are connected and
have a current firmware status. The firmware status is displayed in the Hard-
ware status dialog window or in the bottom toolbar of the experiment.
Additional information about the hardware status is available in the online help
of the Hardware Configuration Editor under "Hardware Status Display”.
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To show the hardware status and initialize the hardware devices

1.

Select Hardware > Hardware Status.

INCA initializes the hardware and shows the results, as well as other status
information, in the Hardware Status dialog.

& Hardware status

Device Target state Firmware status Filling 'Meas. |Synch. |Failure |Last error|
Calibration access lev. [%] |status [state | behav.
= OneETK
= TS test system:1
& ETK test devi ECU ON 0 “3 =
WITH access
& VADI test det 0 = 1]
< >

@ Note

If the hardware is not automatically initialized, automatic initialization
might be switched off. This is useful in cases such as preparing work-
space and/or experiment offline, when you don't need to access the
hardware. To enable automatic hardware initialization, go to the Data-
base Manager and select Experiment > Experiment without full HW
access.

The contents of the Hardware Status dialog are continuously refreshed.
This makes it a useful monitoring tool in environments where the con-
nection to the hardware devices are subject to change. Under such con-
ditions you can evoke the Hardware Status dialog and leave it open as
long as appropriate.

2. Close the Hardware Status dialog and return to the Hardware window.

& Hardware: >OneETK< Experiment: >Default<

File Hardware Device Channels View MCE ?

RYCEY JELR 4 @@ > W
1 Hardware devices 2 Parameters 3 Info 4 Channels
= HWK OneETK VADI test device
£ TS test system:1 Option Value ~
g ETK test device:1
ECU ON (RP)/With ECU calib. access p= VADI test device:1
E3 VADI test device:1 (1) Meas. failure behavior Abort at start, try again later

Time stamp quantizaticOff
Catalog

Acquisition rate 1 [ms] 0.5

Acquisition rate 2 [ms] 1.0
Acquisition rate 3 [ms] 2.0
Acquisition rate 4 [ms] 5.0
Acquisition rate 5 [ms] 100
Acquisition rate 6 [ms] 200
Acquisition rate 7 [ms] 500
Acquisition rate & [ms] 1000
Acquisition rate 9 [ms] 200.0

- Device inactive (Status not detected) - - .

2 Device not connected Name of the device

&1 Device connected
© Noinit. or no access

[E HW status can not be detected
Apply Reset
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The hardware devices are automatically initialized. In the Hardware
Devices field, the icons change from red to green.

3. Close the Hardware window to go back to the Database Manager.
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5.4 Questions
Answer the following questions to test your understanding of the subject matter
presented in this lesson.

1. A workspace contains only a hardware description for the current exper-
iment.
A. True

B. False

2. Which of the following items are part of the project description file:
A. Memory layout of the ECU.

B. Mostrecent calibration dataset.

C. Master dataset.

D. Format of the characteristic, curves and maps.
E. Format of the variables returning sensor values.

3. Match the tasks below with the appropriate user interface element used to
perform them:

Tasks:
A. Addanew device.

B. Setthe acquisition rate of an auxiliary measurement
device.

C. Initialize hardware.

D. Create a project folder.

E. Load aproject description file.
User Interface elements:

A. Database Manager

B. Hardware Configuration Editor

5.5 Summary

In this lesson you created the 0400 project, loaded its project description, as well
as a master dataset. You configured the hardware used to access the project
ECU, as well as the auxiliary VADI device.



6.1

6.2

6.3

6.3.1

Lesson: Setting Up an Experiment

Learning time: 30 minutes

Objectives

In this lesson you learn how to add variables and windows to an experiment and
how to configure them.

Review of the Most Important Concepts

Experiment

An experiment is a predefined set of windows filled with those variables and
maps needed to perform a certain calibration or measurement task. An exper-
iment is stored in the database and allows you to quickly set up INCA for a cer-
tain task by loading it.

Variable

The term variable is used as a collective name for both measure variables and
all types of calibration variables.

Measurement Variables

In general, a measure variable is a value passed by a sensor, and can be used
as a lookup value for calibration variables.

Moreover, it is possible to measure derived or calculated characteristics, or,
with corresponding settings, also calibration variables.

Tasks

Create and Assign an Experiment

It is possible to use the same experiment in different workspaces within the data-
base, independent of its location. It is recommended to create a separate folder
for experiments in order to keep the database clearly structured. Therefore in
this tutorial, the experiment is placed in a new experiment folder directly under
the top folder, not as a subfolder to the workspace folder.

@ Note

INCA 7.1 uses a new oscilloscope for experiments. The experiment created in
this tutorial already uses this oscilloscope automatically. Experiments created
in older INCA versions can be converted so that the new oscilloscope can also
(exclusively) be used in these. This tutorial indicates when this is possible
using appropriate notes.
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To create and assign an experiment

1.

© ® N O 0 B~ NN

-
©

Select the top folder, Tutorial.

Select Edit > Add > Add Folder.

Rename the new folder Experiment.

Make sure the Experiment folder is selected.
Select Edit > Add > Experiment.

Rename the new experiment LambdaControl.
Select the oneETK workspace in the navigator field.
Select Experiment > Change Experiment.

The Select Experiment dialog appears. In the Database Objects field,
expand the Experiment folder.

In the Database Objects field, select the LambdaControl experiment and
confirm with OK.

B INCA _ o
Database Edit View Options Utilities Dataset Experiment Project Device ?
£ 5 B = e . . B
10 H R XR>rE L2 PEIeH IR IOHE O
1 Database Objects 3 Experiment
() DEFAULT Ea {4
{J Tutorial "? x
B ¢ Bperiment LambdaControl
l LambdaControl 4 Project/device
= {J Project 0400 ) N
2 ¢ proe Y ALY
‘: () Workspace 5 Hardware
® @&
(=) TS test system:1
| ETK test device:1
VADI test device:1
Workspace
2 Workspace Comment
(13.02.2020 14:43:27 484 42)
6 COM configuration
W
Filter: none DB: [INCA 7. database] <c:\etasdata\inca7. \database\Tutorial\> User: <TUTORIAL>

If you now select the oneETK workspace in the navigator field of the Data-
base Manager, you see that the LambdaControl experiment appears in
the Experiment field at the top right of the Database Manager.

@ Note

The experiment you have created is automatically assigned the symbol
for experiments using the new oscilloscope (@).

Experiments that support the old oscilloscope are assigned a modified
symbol (&) so that they can be differentiated.

Run the Experiment

Experiments run in the Experiment Environment. The Experiment Environment
is a self-contained user interface like the Database Manager, but is specialized
for doing experiments. If you launch the Experiment environment in a specific
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working environment, the window for the experiment for that working envir-
onment is the default. In this way, you can start measurement or calibration activ-
ities without having to set up an experiment.

@ Note

If you are running an experiment from an older INCA version for the first time, a
dialog box will appear for automatically converting the experiment for the new
oscilloscope. Confirm this dialog box with Yes if you would like to exclusively
edit this experiment in INCA 7.1in the future. Additional information on using
experiments in different INCA versions can be found in our online help.

To run the Experiment

1. Select the oneETK workspace in the navigator field of the Database Man-
ager.
2. Select Experiment > Run experiment.

The Experiment window opens.

it View Variables Measurement Hardware Dataset Components E-Target DBC Generator Window ?
ETK test device:1 = (O wWP: 04001
1 ) .
ﬁ|# EE:3 RP: 0400 Diff: 0

cOVE H 80| PDGEITT

%|Measuvementslopped ‘ Max. buffer level: 0%

The window is configured according to the presets for the experiment
assigned to the workspace that was selected when you ran the exper-
iment. The title bar of the window, Experiment: "Lambda Control" Hard-
ware: "OneETK", indicates this. Because the experiment is new and has not
been set up yet, the window is empty. In the remainder of this lesson you
set up the Lambda Control experiment for the measurement task you per-
formin the next lesson.

Select the Variables Used in the Experiment

The variables return values measured by the sensors connected to the project
ECU. Only a subset of the values measured by the ECU is needed for the
LambdaControl experiment. After selecting the variables of interest, they are
displayed in child windows to the Experiment window in a format of your choice.

In this lesson you limit yourself to selecting the variables needed for the meas-
urement task you perform in the next lesson. Calibration variables (char-
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acteristics, curves, and maps) are selected the same way as measurement vari-
ables. You will add calibration variables in the "Lesson: Calibration” on page 69
exercise dealing with calibration activities.

To select the variables for the Lambda control experiment

1. Inthe experiment environment, select Variables > Variable Selection.

The Variable Selection dialog opens.

X = oWM® T Tl #% R EIEETT)

Sources i | [u °
Name | Role A A
x EIEIES
& [@) All Sources B°c 4 2dino )
EREY T Hp adint @
< £y
& 9 Rasters ¢ 4 ANZTIS ]
@ Functions BT anzTz @
# I VADI test device: 1 @C-249 amay_A1
@C-249 amay_A2
WC-I4p array_A3
QL34 amay_as
@C-249 amay_As
C-249 array_B1
& Open Raster Pre-Selection... :E--:I: maz:ﬁz
@C-349 array_53
Predefined R:
[ Use Predefined Raster @395 ey 54
@C-14p array_BS
ey N @C-I%p amay_C1
e gliables 148 amay €2 v
@ Display Configuration
‘=",/ Variables Configuration

The Sources field at the left-hand side of the window lists all hardware devices in
the hardware configuration of the current workspace. When you select a certain
device, the variables list on the right hand side lists all characteristics, curves,
and maps accessed through the device.

@ Note

Only the icons of variables actually used are described in the tutorial. The com-
plete description of the icons is located in the online help.

Each entry in the variables list is preceded by three icons providing some inform-
ation on the variable.

The firsticon shows whether it is a measure or calibration variable:
& Measurement
& Calibration

The second icon indicates the type of the variable, i.e. whether it is for instance a
scalar, a curve or a map.

1

C Scalar

-

L Boolean (logical)
E=vector

] Matrix

Iﬂ‘ Curve
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M' Curve axis

E Multi-dimensional map

The third icon indicates your access rights for the variable.
%% Readable and writable

%% Readable only
In this lesson you use only measure variables, which have a red square as their
firsticon.
1. Expandthe ETK Test Device:1 entryinthe "Sources” field of the "Vari-
able Selection” dialog.

2. Expand the tree structure of the Functions entry.
A list of functions appears.
3. Select LambdaRegelung from the list.

The entries in the Variables field are now limited to those measure and cal-
ibration variables associated with the Lambda control function.

4. Scroll through the list and select the variable B FRMAX.

The following symbol assigned to the variables indicates that they will be
added to the experiment.

L]

5. Click OK to have it displayed in the default window.

The selected variable is now added to the Experiment window. It is dis-
played as a line in Measure window [1].

= |Measurement stopped | Mac buffer level 0%

You may have noticed that the list of variables contains many entries that are not
of interest to the measurement you are setting up. This makes the process of
searching for the appropriate variables tedious. In this lesson you are only inter-
ested in measure variables and INCA provides a built-in filter allowing you to limit
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the list of variables to show only measure variables. In the lesson covering the cal-
ibration task you use another filter, limiting the list to only calibration elements
such as characteristics and maps. Before selecting the rest of the measurement
variables, turn on the filter for measured values:

To use filters for variable selection

1.

Select Variables > Variable Selection.

The Variable Selection dialog opens. Note that B FRMAX is marked with a
blue rectangle . This indicates that the variable is already being used in the
experiment.

Click‘.

The list of variables is limited to measures variables only. Scroll down the
list, and select the following variable:

B_FRMIN
You can speed up the search for a certain variable by typing the first letters
of its name.

Type the letters dt.

The letters are displayed in the toolbar in the edit box of the alphabetical fil-
ter. The datalist is automatically filtered according to the entry so that only
variables starting with DT are displayed (the search is not case-sensitive).
Select the variable DTVKA.

Using the same method, select the following variables:

FRPS

RTV

Remove your entries from the alphabetical filter.

In the toolbar, click on the following icon to check which variables are
added.

------

.......

8. Select all variables in the list.

10.

Right-click on the lists of variables and select Add to > Layer_1 > Meas-
ure window [1] from the context menu.

Click on OK.

All variables are added as lines to Measure window [1].

@ Note

When you use the alphabetical filter to search for variables, you can also use
wildcards (e.g. *,?). With these wildcards, you can search for variables where
you only know parts of their names.




© Lesson: Setting Up an Experiment | 42
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Rasters are used to determine the intervals in which measure values are meas-
ured. Which rasters are available is defined in the ECU's projection description
file. You can record only a certain number of measure variables in one raster. The
raster filling display indicates whether further variables can be measured in the
desired raster.

To assign a raster upon variable selection

1. Select Variables > Variable Selection.

The Variable Selection dialog opens.
2. Inthe Sources field, click on the entry ETK Test Device:1l.
3. Select the following variables from the variables list using the filters:
LR P Anteil
LR:I:Anteil
FR
FLR AP

4. Remove your entries from the alphabetical filter.

5. Inthe toolbar, click on the following icon to check which variables are
added.

L]

You can see in the variables list that Raster_A is being selected for all of
the four variables. In the information at the bottom on the right you can see
that the raster filling level for Raster_A is 3%.

You change the raster of a variable by moving the check mark in the raster
matrix in the column of the corresponding raster.

6. Forthe variables FRand FLR AP, select Raster_B.
7. ForthevariablesLR P AnteilandLR I Anteil, select Raster_C.
8. Click OK.

The variables that you have selected in this session are displayed in a new
Measure window [2].
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@ Note

If you do not assign the variable to a window upon selecting it, it is displayed in
a standard window. In "Lesson: Settings and user profiles” on page 101, you
learn how to define a standard window for a variable.

Up until now, all variables are presented in measure windows and in identical lay-

out: the variable name display, followed by the corresponding numeric value. This
display type is appropriate for some variables, but you may want to display other

variables in a different format, e.g. in an Oscilloscope or a Measure table.

Oscilloscopes, for example, present the chronological progression of variables
graphically, thus allowing for a varied view of analog and digital variables in mul-
tiple display ranges.

To define during the variable selection in which window a variable is displayed

1. Select Variables > Variable Selection.
The Variable Selection dialog opens.
2. Inthe Sources window, clickon ETK-Testdevice: 1.
3. Fromthe variables list, select the following variables with the help of the fil-
ter:
B LR
B VL
TVLR
TVLRH
USVK
4. Delete your entries from the alphabetical filter.

5. Inthe toolbar, click on the following icon to check which variables are
added.

ey

6. Pressand hold <CTRL> and highlight the following variables:

B VL

TVLR

TVLRH
7. Inthe context menu, select Add to > Layer_1 > New > YT-Oscilloscope.
8. Hold <CTRL> pressed and select the following variables:

B_LR

USVK



6.3.4
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9. Inthe context menu, select Add to > Layer_1 > Measure Window [1].
10. Click OK.

B Experiment: >LambdaControl< Hardware: >OneETK<

Experiment  Edit  View bles Measurement Hardware Dataset Components E-Target DBC Generator Instrument Window 2
gy [ ETKtestdeviced | g7 () WP: 0400_1 .
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€
- Measure Window [1] YT Oscilloscope (V7.1) [1]
= B_FRMAX -|o | Q B KEA-x-8 -0 Stie Name  Vaue
B_FRMIN -]0 ! e
= = TVLRH
DTVKA -
> L
@& | [FRPs -0
)
RTV -0
=
= | lBvL -]0
B3| |uswx -lo
"i?
[ Measure... | = [-E& \@
¥ | [r “In
LR_I_Anteil [ ]
B_LR
& LR_P_Anteil -0
» | |FLRAP -in
EE‘ Measurement stopped Max. buffer level: 0%

@ Note

There are restrictions towards possible combinations of variable types for win-
dow types. A detailed description of all combinations and restrictions goes bey-
ond the scope of this tutorial. The online help of INCA describes which
combinations of variable types to window types are possible.

In the experiment, the variables are now distributed across Measure window [1],
Measure window [2] and the YT-Oscilloscope. The YT-Oscilloscope enables a
more detailed view of the variables than the measure window. It is divided into an
analog (top) and digital (bottom) area and can be controlled using its toolbar.
The variables contained therein are located in the signal list (right).

As long as the experiment contains only a few elements, you can distribute the
variables via the context menu of the variables onto the respective windows as
outlined above. But this approach is generally very confusing for extensive exper-
iments. In this case, it is better to select the variables in the list of variables and
to arrange them in the Display Configuration.

Configuring the Display of the Experiment

To arrange the experiment via the display configuration

1. Select Variables > Variable Selection.
The Variable Selection dialog opens.
2. Inthe Sources window, click on ETK-Testdevice: 1.
3. Use the filters to select the following variables from the list of variables:
B LR2
TVLRH2
TVLR2

4. Delete your entries from the alphabetical filter.

5. Click on the "Display Configuration” tab.
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10.

11.

12.

13.
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In the Display Configuration area, you can see that the selected variables
are ordered below the Measure window [3] entry.

Click on the new measure window.

In the tabular area you can see the properties of the Measure window and
the variables it contains.

= Variable Selection (]

EO X = ele® TTHEHEu#TL | DEGEER,

Neseire Wi 5

Experiment 2 Widgets
- B Experiment Name -
g Defauit Recorder Measure Window [3) |
Record Only
=[5 Layer_1 (Active) ElSigrels
- [l YT Osclloscope (v7.1) [1] | [Name | Background color| Character Color | Display type | Device
5 ] Meosure Wdow (1] || TVLRFZ | IR Nomeric Display ETK test device

1 Measure window [2] TR | I Nomeric Display ETK test device |
5 [ Ficasure Window[37] |[8R2 [ NS Mumeric Display |ETK test device 1
]

4

e | 2 Numeric Display Signals
=,3 Name | Data representation | Number of decimals | Bounds range | Show unit | Background color| Character Color | Bounds vig
< BLRZ Phys Vo [ 1 N Mok
TWR2  FPhys i Yes | I Vorke
TVLRHZ | Phys 4 Yes I arker
< >
2= Variables < 2

Help

oK Cancel

In more complex experiments, the windows can be organized in layers.
Therefore, the Experiment folder has a subfolder in the Display Con-
figuration window with the name Layer 1.

Press and hold <CTRL> and highlight the following variables in the tree view
in the "Display Configuration” window:

TVLR2

TVLRH2

Drag the variables TVLR2 and TVLRH2 from Measure window [3] to the
YT-Oscilloscope entry and deposit them there.

The variables were moved into the YT-Oscilloscope.

Click on the following icon in the toolbar to activate the filter for Boolean

variables:
==

L

In the Display Configuration area, all windows containing a Boolean vari-
able are opened and all other variables are hidden.

In the context menu for variable B 1LR2 in Measure window [3] , select
Cut.

In the context menu for the Measure window [1], select Paste.
The variable is moved to the Measure window [1].

In the context menu for the now empty Measure window [3], select
Delete.

Measure window [3] will be deleted.

Click on the following icon in the toolbar to deselect the set filter.
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14. Inthe context menu of Measure window [2], select Change Widget To >
Measure Table.

Measure window [2] is converted into a measure table-type window.

The conversion from a measure window-type window to a measure table-
type window can be recognized by the symbol preceding the window name

changing from = to |l__:|: The term "Measure window" in the tree structure
refers, however, to the name of the window and is therefore not altered by
INCA. That is why you rename your window to a more suitable name.

15. Highlight Measure window [2] and select Rename in the context menu.
Then replace the current name with the new name, Measure table.

16. Move the following variables from Measure window [1] to Measure table
[2]:
DTVKA
FRPS
RTV
USVK

17. Highlight Layer_1 and select Rename in the context menu. Then replace
the current name with the new name, Layer Measure.

In the Display Configuration area you can see that the experiment now
contains the following elements:

* Layer_Measure
« Measure window [1]
» Measure table [2]

 YT-Oscilloscope [1]

@ Note

Elements that were selected in the variable selection, but have not yet
been added to the experiment, are identified by a gray bar.

18. Click OK.
To change the display type of variables

1. Inthe Experiment Environment, select Variables > Display Configuration.
The Variable Selection dialog opens on the Display Configuration tab.

2. Inthe Display Configuration area, click on Measure window [1].
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= Variable Selection _

EC- X = @B® T TrHERKL#R | DEGEEE,
Measure Window [1]
Experiment

] Widgets
- [ Experiment Name -
% Default Recorder Measure Window [1] |

@ Record Only B Sonis

=[5 Layer_Measure (Active)
+- Bl YT Osciloscope (v7.1) [1] || Name Background color | Character Color | Display type ~ | Device

SR ricasure Window [1] s 1N "umericDisplay ETKtest device:1
@°C B_FRMAX BIR2 [ ] NEEEEEE NurericDisplay ETKtest device:1
*T B_FRMIN BLFRMIN [ | IS !umericDispley ETKtest device:1
w BFRMAX [ | IS "umericDisplay ETK testdevice:1
] Numeric Display Signals
Name \Datz represeniaﬂcn\NuN\ber cfdeclm\s\?ounds ranqe\Slw-l-' \mi!\ color| Character Color | Bounds
— |

#- [ Measure table [2]

B_FRMAX Phys Yes Marker
B_FRMIN  Phys Yoo ) NN Morker
B_VL Phys Yes | N Morker
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= variables < L4
Help

@j Display Configuration

O Emor

4

|
For each of the variables representing bits (those with names beginning
with B_):

a. Inthe Signals table, double-click on the cell of the corresponding vari-
able in the Display Type column.

A list of possible display types for the assigned window appears.
b. Change the setting from Numeric Display tOBit Display.

Click OK to return to the experiment environment.

Note that the display of the bit signals in Measure window [1] has
changed.

& Experiment: »LambdaCon
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.“
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SHACTOVE ndENE
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% Measurement stopped Max. buffer level: 0%

All settings for each variable can be changed in this way.
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To change the axis range for a variable in the YT-Oscilloscope

1.

Right-click in the oscilloscope window and select Properties from the con-
text menu.

The "Variable Selection” window opens in the "Display Configuration” tab.
The tab displays the properties for the "YT-Oscilloscope” window.

= Variable Selection (]

¥ = @N® TTrERLL T IDEGEER .
YT Oscilloscope (V7.1) [1]

Experiment |~
(& Experiment Int Size | Icon Size in Toolbar,
% Default Recorder Small
@ Record Only - |
[ Layer_Measure (Active)
- [T, Measure Window [1] or 2| Time span Overlap|
i Eg Measure table [2] i
= B T sdiloscope (V73 [ ]
.E BIR
W'c R
o
W' TVRH n
B TRz Marker Symbol | Marker Size| Sample Connection | Strip [ Axis | Range | Signal Filling | Device
T RH2 None Megium T Yes ETK test device:1
None Medgium Direct 1 A :-32768.0000; 32767.0000 :No ETK test device:1
None Medium T Direct SO O I ) ETK test device'1
None Medium Direct 1 C  -32768.0000; 32767.0000 . No ETK test device:1
< > | |None Medium Direct 1 D -32768.0000: 32767.0000  No ETK test device:1 v
= variables < L)
Help
T e crtrien
L= " Ermor
4
oK Cancel

2. Forvariable TVLRH:

a. Inthe Signals table, find the Range column, and double-click on the
TVLRH variable cell.

b. Replace the left value (the minimum y-axis value) with -500.

c. Click on the right value (the maximum y-axis value) and replace it with
500.

d. Confirm the changes with <ENTER>.

3. Click OK to return to the experiment environment.

Observe the change to the y-axis for the TVLRH variable in the YT-Oscil-
loscope.

@ Note

You can also change the axis range using the scroll function of your
mouse. Move your mouse pointer over the desired axis and move it up or
down with the mouse button pressed or move the scroll wheel to scroll
the axis, and do the same with holding <CTRL> key pressed to change the
scale.

To change the color of a variable in the YT-Oscilloscope

1.

Once again, right-click in the oscilloscope window and select Properties
from the context menu.

The "Variable selection” window will open on the "Display configuration”
tab.
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2. Forthe variables TVLR and TVLR2:
a. Inthe "Signals” table, find the "Color” column and double-click on the
TVLR variable cell.

A dialog window for color selection will appear.
b. Selectared color field and click OK.
C. Using the same method, change the color of TVLR2 to a yellow color.
3. Click OK to return to the experiment environment.

Observe the simultaneous change to the y-axis for the TVLR and TVLR2
variables in the YT-Oscilloscope.

[ Experiment: >LambdaCon rdware: >OneETK < - [YT Oscilloscope (V7.1) [111

Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator Instrument Window ?
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=
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ﬁ BLR
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To distribute variables in a YT-Oscilloscope across additional strips

1. For the variables TVLR and TVLR2:
a. Pressandhold <CTRL> and highlight variables TVLR and TVLR2 in the
oscilloscope signal list.

b. Open the context menu in the oscilloscope window.
c. Select New Strip for Selected Variables.

g

The variables are moved to a new strip in the analog display area.
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To assign a shared axis to variables in the YT-Oscilloscope

@ Note

The first variable axis in the signal list is used as the shared axis. If necessary,
observe the order of the variables before assigning them to a shared axis. You
can change the order by clicking on a variable and dragging it to a new location
within the list using your mouse.

1. For variables TVLRH and TVLRH2:
a. Pressand hold <CTRL> and highlight variables TVLRH and TVLRH2 in the
oscilloscope window signal list.

b. Open the context menu in the oscilloscope window.
c. Select Common Axis for Selected Variables.
The variables are now displayed together on a shared axis.
2. Dothe same for TVLR and TVLR2 to display them on a shared axis.

3. Inthe experiment environment menu, select Experiment > Save.

[ Experiment: >LambdaControl < Hardware: >OneETK< - [VT Oscilloscope (V7.1) [11]
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The experiment is now saved and you can load it at any time by selecting the
OneETK workspace in the Database Manager and selecting Experiment > Open.
You can also load another experiment by selecting Experiment >Open in the
Experiment window.

INCA stores not only the variables, but also their formats and the exact size and
location of the windows in which they are displayed. Practice changing the size of
the Measure window [1] and moving it. Re-save the experiment to apply the new
layout.
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6.4 Questions
Answer the following questions to test your understanding of the subject matter
presented in this lesson.

1. All numerical variables must be displayed in the same window.
A. True

B. False

2. You can display several variables in a single "YT-Oscilloscope” window.
A. True

B. False

3. Aworkspace can have more than one experiment assigned to it.
A. True

B. False

6.5 Summary

You set up the LambdaControl experiment for the measurement task by select-
ing the variables to be measured, and changing their display formats. You also
changed the display range of a "YT-Oscilloscope” window. You changed the win-
dow layout and saved the experiment so you can load it later as a shortcut.



7.1

7.2

7.3

7.3.1

7.3.2

Lesson: Measuring

Learning time: 45 minutes

Objectives

In this lesson you make measurements, and record the results. A Recorder Man-
ager is available, which helps you in managing individual recordings and starting
them according to current needs.

In this lesson, you will use the Recorder Manager to create one recorder for
manual recordings, one for recordings with fixed duration and one for automated
recordings. For the automated recordings, you will also specify triggers used for
starting and stopping the recording process.

Review of the Most Important Concepts

Measurement task

The state of the engine is assessed using sensors. A sensor measures an
engine parameter and makes the value available to the ECU as a number. The
measurement task consists of sampling all sensor values over a certain period
of time. It is also possible to record the sampled values in a file and save it to
disk. The resulting record documents the engine behavior for a certain set of
calibration values.

Tasks

Load the Lambda Calibration Experiment

The measurements applied in this lesson are used together with the experiment
you created in the preceding lesson. You can quickly restore the configuration in
the experiment environment by simply loading the experiment.

To load the Lambda calibration experiment

1. Select the oneETK workspace in the navigator field of the Database Man-
ager.

2. Select Experiment > Open.
The Experiment window opens, and Measure window [1] and other meas-

ure windows are restored with the variables and layout you defined in the
previous lesson.

Start and Stop a Measurement without Recording

When you tell INCA to start measuring the measure variables displayed in the
Experiment environment are updated. The value fields of the numerically dis-
played variables turn into changing numbers and the Oscilloscope window come
to life.



7.3.3
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To start measuring

1. Select Measurement > Start Visualization.

When using this feature routinely, it is more convenient to use the accelerator
key code <F11> to start a measurement.

To stop measuring

1. Select Measurement > Stop Measuring.

When using this feature routinely, it is more convenient to use the accelerator
key code <F9> to stop a measurement.
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Analyzing Measurements in the YT-Oscilloscope

To analyze measurement data in a YT-Oscilloscope, you can stop their display
independently of experiment recording. When they are no longer displayed, it is
possible to move the time axis freely, to increase its display, and to assign
samples with a cursor.

Prior to recording, you can insert additional boundaries in order to visually high-
light bounds for measurements.

To stop displaying in the YT-Oscilloscope

1. Once again, start with a measurement. To do so, select Measurement >
Start visualization.

2. After afew seconds, find the oscilloscope window toolbar and click on
Play/Pause (Il ).

This will stop the display in the oscilloscope window.
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@ Note

This does not stop the measurement. When reinstating the display in the
oscilloscope, the display position automatically jumps to the current
point in time of the measurement.

To move the time axis

1. Left-click on the time axis in the oscilloscope window and press and hold
the mouse button.

2. Move the mouse left or right.

The display scrolls depending on the mouse motion.
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To increase the display size

1. Inthe oscilloscope window toolbar, click on Zoom in (*. ).
The display will grow larger. The time axis scale will decrease accordingly.

2. Continue clicking Zoom in until you have reached the desired enlarge-
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To add a cursor

1. Inthe oscilloscope window toolbar, click on Cursor (<& ~) > Add cursor.

A cursor will appear in the center of the time axis. In addition, a column is
added in the signal list which shows the signal values where the cursor is.

2. Double-click on the split bar left of the signal list to enlarge it and make the
additional column visible.

3. Move the mouse over the cursor until it is highlighted.

4. Drag the cursor to the desired location on the time axis.

@ Note

Observe the tool tips at the intersection of signals and cursor when the
latter is moved.
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To reinstate the display

1. Inthe oscilloscope window toolbar, click on Play/Pause ( ).

The display will be reinstated in the oscilloscope window. The time axis will
jump to the current point in time of the measurement.

To add a border line

@ Note

It is best to add a border line before starting visualizing the display of meas-
urement data. Otherwise, visualization will restart after it has been added.

1. Stop the measurement in progress. To do so, select Measurement >
StopMeasuring.

2. Right-clickin the oscilloscope window and select Properties from the con-
text menu.

The "Variable Selection” window will open with the "Display Configuration”
tab.

3. Right-clickin the "Border Lines" table and select Add from the context
menul.

A border line will be added as a row in the table.
4. Double-click in the Value column field.
A dialog box for entering boundary values will open.
In the Axis field, select the value a.
Enter 400.
Click OK to return to the display configuration.
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8. Click OK again to return to the experiment environment.

Observe the boundary in the TLVR and TLVR2 variable y-axis.
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7.3.4 Create a Recorder for Manual Recordings

You are in the Experiment Environment. To create a recorder for manual record-
ings and start it subsequently, do the following:

To create the recorder

1. Select Measurement > Open Recorder Manager (Ctrl+F11).

The "Manage Recorders” dialog box opens.

< Manage Recorders

Recorders

Enabled Name Status Variable
*DefaultRecorder Inactive

A Recorder_Manual

2. Select Create new recorder (Ctrl+N) from the context menu.
A new recorder with the name Recorder is added to the recorder list.
3. PressF2torename the recorder to Recorder Manual.

To add variables to the recorder

1. Inthe "Recorder_Manual" context menu, select the Add variables (Ins)
command.

The "Variable Selection” dialog opens.
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In the toolbar, click on the following icon to filter the variables that have
already been selected.

The variable list shows all variables that are already part of the experiment.

Select the following variables from the list:

e B FRMIN
« B FRMAX
« B IR

o FLR AP
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e LR I Anteil

e LR P Anteil

e RTV

e TVLR
e TVLRH
e USVK
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1 4 ETK test device:1
© @ Rasters L B_FRMAX M
= & Functions [ 4% B_FRMIN M
g ADC_Layerl_As T 4 BUR v
ADC_Layer2_As = hd WO
@) buffera Fwor hd
@l buffers T 4% BV M
@l bufferc = 4% DTVKA v
@) defbyKL1ght 4 FLR_AP el
)] engspeed_levl =
engspeed_lev2 € 49 FR lelv| |
@ ignition_geb T 4% FRPS v
c] tég”dﬂ"eﬂe‘“’ ‘% 4% LR_L Anteil ol |v
T 4% LR_P_Anteil o |v|
@ signalmultiplex) T 4% RV [
inus E 45 TVIR " EE
v - Pt
. @ snm,bumqni T ViR &
€ 4% TVIRH v
&) Open Raster Pre-Selection... T 4P TVLRHZ v
T 45 usvi v

Use Predefined Raster

Data Source: ETK testdevice 1
Type: Scalar

Address: 0xF830
Description: Spannung L vorKat, v

= Variables

Click OK.
The variables are now listed in the variables list of the recorder.

O
Z% =l QO BE ¥e

Enabled Name Status. Variable

*DefaultRecorder Inactive B_FRMAX
O el o rrann
B_LR
FRPS
RTV
TVLR
TVLRH
USVK
FLR_AP
FR
LR_I_Anteil
LR_P_Anteil
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To specify the file in which the recording is stored

1.

10.

11.

12.

ClickonRecorder Manual and select Open Recorder Configuration
(Enter) from the context menu.

The Recorder Configuration dialog appears.

Select the "Output File" tab.

In the "Path” field, enter <INCA base>\ETASData\INCA\Measure.

The "File" field automatically shows the name of the recorder.

If the fields Use date/time in file name and Auto increment file name are

not yet being displayed, click on L2 to expand the view and display hidden
fields.

Replace the automatically assigned file name Recorder Manualdat with

Tutorial.
In the Format field, select the yyyy-mm-dd entry.

For the next recording with this recorder, the current date is automatically
added to the file name of the new output file.

Activate the Insert default comment check box.

The default comment can be expanded with additional comment fields or
personal entries. All these data are saved with the measurements in the
file.

Click on Edit.

The Default Comment Editor dialog opens.

U
S[DATABASE]
&l &[EXPERIMENT]
a[ TIME] S[WORKSPACE]
8[PROJECT] 8[DEVICES]
8[RECORDINGDURATION] 4[PROGRAMDESCRIPTION]
&[RECORDINGS] &[WORKINGPAGE]
&[REFERENCEPAGE]
8[PRETRIGGERTIME]

&[TIME]
8[USER]
8[VEHICLE]

« » |+ |y

Hold <Ctrl> pressed and click on the following comment fields:
& [USER]
& [VEHICLE]

Click on the following button to move the selected comment fields from
the Available Comments column to the Used Comments column.

=
Click OK.

For the next recording of the output file, the comment fields that have
already been used in the default comment and the comment fields &
[USER] and &[VEHICLE] are beingentered.

Fill in the fields User, Company, Project and Vehicle.
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13. Disable the check box Show Output File Properties dialog after record-
ing.

Rec onfiguration

Recorders Output File
4@ =standardrekorder File

Recarding

< Recorder_Manual

CaET 74012
Path [aMEASUREPATHI |

Tasrsimte
File: [Tutorial | &

Insert dateftime into file name.

Format | ddmmyyyy e

Insert auto increment into file name

Incrementdigits:  [1 [&] [=

MDF Header
Insert default comment %d\t

Comment Database: S[DATABASE]
Experiment; $[EXPERIMENT]

Workspacs: 8] WORKSPACE]

Devices: 8[DEVICES]

Program Descrption: 8[PROGRAMDESCRIFTION]
WP: SWORKINGPAGE]

RP: 8|REFERENCEPAGE]

Date: $[DATE]

Time: S[TIMS

Pre-trigger Time: S[PRETRIGGERTIME]

Reoconding Duration: {RECORDINGDURATION]
Post-trigger Time: &[POSTTRIGGERTIME]

User: 8USER]

Vehicie: S{VEHICLE]

User: [me | |48 Read from User Options
Company: My company | & write to User Opticns
Preject: [My projecat tutorial 0400 ]

Vehicle: My car |

[ Show Output File Properties dialog after recording

To define the trigger conditions

1. Inthe "Recorder Configuration”, select the "Triggers” tab.
2. Activate Trigger on.

3. Open the drop-down listin the Start Trigger field and select the entry
MANUAL.

Recorder Manual startsif F5 is pressed during the recording.
4. Click OK to go back to the Manage Recorders dialog.

To define event markers for the default recorder

@ Note

Use the event markers to manually identify events in the "Default Recorder” dur-
iNng a measurement.

1. Clickon befault Recorder and select Open Recorder Configuration
(Enter) in the context menu.

The "Recorder Configuration” dialog appears.
Select the "Recording” tab.
Enable the "Show Comment” check box.

In the Comment field, enter Manual Event Markers.

a B~ ™

Click OK to go back to the "Manage Recorders” dialog.
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7.3.6

Make a Recording Using a Fixed Recording Interval

When specifying the recording interval you must choose between two different
modes of recording. You can either use a fixed recording interval, which is started
when you give the (manual) command to start recording, or you can automate
the recording by specifying a so-called trigger, which is a certain condition to
become true after you give the (manual) command to start recording. The two
modes are mutually exclusive.

First, do a recording using a fixed time interval.Fig. 7-1 shows the recording pro-
cess when using a fixed time interval.

TVLRT

450

0
Recording g
is started time

<

Duration of recording
|

Total recorded
time interval

Fig. 7-1:  Recording process when using a fixed time interval.

To do a measurement using a fixed recording interval

1. Create a new recorder (see "Create a Recorder for Manual Recordings” on
page 57).
2. Rename thisrecorder to Recorder Period.

o

Add the same variables as in the previous example (see "Create a Recorder

for Manual Recordings" on page 57).

Select the "Output File” tab in the Recorder Configuration.

In the Path field, enter <INCA base>\ETASData\INCA7.5\Measure.
Rename the output file to Tutorial?.

In the "Recorder Configuration®, select the "Triggers” tab.

In the Recording Duration field, enter the value 30 seconds.

© ® N o o &

Click OK to go back to the Manage Recorders dialog.

Creating a Recorder for an Automated Measurement

You can automate a measurement using triggers for starting and stopping the
measurement. A trigger is a mechanism that is automatically executed after an
event (such as starting the recording process). The trigger activates the meas-
urement when the outcome of a logical expression, the trigger condition,



changes from false to true. Since the logical expression is a function of a meas-
ure variable it is really the value of the measure variable that causes the meas-
urement to start.

In the following example you specify the following trigger: start recording the vari-
ables measured in the current experiment setup as soon as the engine speed
exceeds 450 rpm.

To analyze the engine behavior before and after the transition marked by the trig-
ger event you need to record measurement values both before and after the trig-
ger event occurs. INCA enables you to do this by continuously storing the values
it measures in a buffer, even if you are not recording at the time. The time interval
to be recorded before the start trigger event happens is called pre start trigger
time. The interval that is recorded after the stop trigger event happens is called
post stop trigger time.

The relation between the pre start trigger time and post stop trigger time is illus-
tratedin Fig. 7-2.

TVLRT

4501 S

Trigger start condition
TVLR > 450
is met

0

Recording 1| N —
is started Trigger time

event time

<

Pre-trigger ; Post-trigger
time settingitime setting
S

Total recorded
time interval

Fig. 7-2:  Relation pre start trigger and post stop trigger times.

Instead of specifying a post stop trigger interval, you can also specify a trigger to
stop the measurement, for example engine speed to drop below 300 rpm.

To make a recording using a start trigger and a fixed duration

1. Create a new recorder (see "Create a Recorder for Manual Recordings” on
page 57).
2. Rename thisrecorder to Recorder Trigger.

3. Add the same variables as in the previous example (see "Create a Recorder

for Manual Recordings” on page 57).

@ Note

You can also select recorder variables, copy them to a clipboard, and
insert them in other recorders.

4. Select the "Output File" tab in the Recorder Configuration.



5.
6.

7.
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In the Path option, set <INCA base>\ETASData\INCA\Measure.

Rename the output file to Tutorial3.

Set Auto increment to 1 and click *

To define the trigger conditions

1.
2.

3.

In Recorder Configuration, select the "Triggers" tab.

Activate the checkbox Trigger on.

Clickon the L] button right of the Start Trigger drop-down list.
The "Trigger Editor" appears.

¥y Trigger Editor

Properties Logical

Ds ot
Narm¢ P [ NOT
‘Tnggerswgna\ ‘ ‘ ‘ b AND
Formula B OR
| . b XOR
EEE [ 1:-', Vinimum Duration (seconds) Clear L o
Transcendental
Formula State Relationship
Value expected. Example:
Trigger
Defined Triggers Arithmetic
Snippets
Quick Example:
No item selected.
Quick Description:
No item selected.
e

The trigger editor is used for defining trigger conditions. All existing trigger
definitions are collected in a list and can be set as start or stop triggers at
a later time.

In the Name field at the top of the dialog box, you can set a name for the
condition. This name can be used to define additional triggers. Change the
default name TriggerSignal 10 TVLRover450.

To select variables for the formula, click the following icon in the toolbar:
=

=

The "Variable Selection” Dialog opens.

In the Sources window, clickon A11 Sources SO that all variables are dis-
played in the list of variables.

Then select the variable TVLR from the list and click on OK to go back to
the "Trigger Editor".

The variable name and the name of the device were entered in the Formula
field.

Now you want to enter an operator. The toolbox on the right of the editor
offers a large number of operators, grouped according to their type.

In the Toolbox, click the Relationship tab.
A list with operators that can be used for defining relations appears.
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9.
10.
11.

12.
13.

14.
15.

16.
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Double-click the > operator to add it to the formula.

Click into the edit box of the Formula and type the value 450.
Click on Accept.

The trigger condition is entered in the Defined Triggers field.

Y Trigger Editor

Trigger Definition
Properties Logical
Name Description Transcendental

‘TrlggerS\gna\ ‘ ‘ Relationship
Formula b >=

I 2|l B =

EEE [+ Vinimum Duration (seconds) Clear B 1=
Formula State b <=>
Value expected. Example: S
Defined Triggers Arithmetic
O @ TVLRoverd50: 'TVLR\ETK test device: 1' >450 Snippets
Toolbox Help: >

Quick Example:
expressionl > expression2

Quick Description:
Greater than comparison.

oK Cancel

All trigger conditions you have defined using different names are listed in
the Defined Triggers field. After collecting several conditions in this field,
you can later on quickly activate a certain condition as start trigger or end
trigger by selecting it in the Recorder Configuration on the "Triggers” tab.
The selected condition will then be used as the current condition for
recording.

Click OK to go back to the Recorder Configuration.

In the Start trigger drop-down list, select the TVLRover450 trigger con-
dition.
In the Pre-Start Trigger Time (Sec) field, enter a value of 2 seconds.

In the Recording Duration (Sec) field, enter a value of 5 seconds.

@  Triggeron

Start Trigger Stop Trigger
TVLRoverd50 v][ - [OFF] V[

Pre Start Trigger Time Recording Duration (Sec) Past Stop Trigger Time
(Sec) (Sec)

'TVLRIETK test device:1’ >450

Click OK to go back to the Manage Recorders dialog.

Perform Recordings

Depending on which recorders are enabled and which ones are disabled, you can
control which recording will be performed. Some functions such as opening the
Measure Data Analysis (MDA) after a recording is only available for the default
recorder. The default recorder can be renamed, but it cannot be deleted.
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To enable recorders

Start in the "Manage Recordes” dialog and select Recorder Manual.
Select Enable Recorder (Space) from the context menu.

In the Enabled column, the symbol changes from @ to &.

Select Recorder Period.

Select Enable Recorder (Space) from the context menu.

In the Enabled column, the symbol changes from @ to &.

5. SelectRecorder Trigger.

Select Enable Recorder (Space) from the context menu.
In the Enabled column, the symbol changes from @ to &.

To start recording for all enabled recorders

You have two options for starting the measurement. Using the first method, you
can start all enabled recorders, including the default recorder; using the other
method, you can start all enabled recorders, excluding the default recorder.

You are in the Experiment Environment.

1.

Select Measurement > Start recording (F12).

This initiates the following events:

a. *DefaultRecorder startsrecording immediately.
b. Recorder Manual waits for the manual trigger.

C. Recorder Period starts recording immediately. After 30 seconds, the
recording of Recorder Period stops. The recorded values are saved
inthe output file Tutorial2.mf4. If afile Tutorial2.mf4 already
exists, it will be overwritten.

d. Recorder Trigger waits for the trigger condition to be fulfilled. As
soon as the value of the variable TVLR exceeds 450, the recording will
be started.

< Manage Recorders

< @@
Recorders
Enabled Name Status Variable ~
*DefaufiRecorder Inactive B_FRMAX
@  Recorder Manual | Waiting fo.. B_FRMIN
(] Recorder_Period Waiting fo... B_LR
) Recorder_Trgigger ~ Recording FRPS
RTV
TVLR
TVLRH
USVK
FLR_AP
FR
LR_L Anteil

LR_P_Anteil )

2. Pressthekey F5 to start recording with Recorder Manual.

To set an event marker in the default recorder

1.

Press and hold <CTRL> + <K> to add an event marker to the default

recorder.

The "Insert User Comment” dialog box appears.
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2. Click on OKif you want to use the defined comment, or enter a new com-
ment.

The marker is inserted at the location in the recording file at which you
called the function and can be displayed for the measuring data analysis.

To stop the started recordings

The recording with Recorder Period has already been automatically stopped
after 30 seconds. The recordings of Recorder Period have been savedin the
file Tutorial2.mf4.

1. Select Measurement > Stop Measuring (F9).
This initiates the following events:

a. Therecording of Recorder Manual isfinished. The recorded values
are saved in the output file Tutorialyyyy-mm-dd.dat (whereby
yyyy-mm-dd corresponds to the current date). If a file with this name
already exists, it will be overwritten.

b. Therecording of Recorder Trigger isfinished. The recorded values
are saved in the output file Tutorial301.mf4 (thisisthe name
Tutorial3 with an appended two-digit number). If a file with the name
Tutorial301.mf4 already exists, the new file will be named Tutori-
al302.mf4.

c. Therecordingof *Default Recorder is being finished. The "Output
File Properties” dialog box opens.

2. Replace the automatically assigned file name in he File field with
Tutorial defaultOl.mf4.

3. You can amend the default comment with your own information as well as
personal information for the project. All these data are saved with the
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measurements in the file.
4. Click Save.

Qutput File Properties

DefaultRecorder
File
Path: |C:\ETASData‘LINCA? \Measure\, |
File: | Tutorial_default01 daf |
Comments

Insert default comment

Comment: Database: Tutorial ~
Experiment: LambdaCaontrol

Workspace: OneETK

Devices: ETK test device: 1, VADI test device:1

Program Description: 0400

WP: 0400_1 W

User [Me |
Company: | I
Project: | | &
Vehicle: | |

VWrite information to recorder configuration

To start recordings for all enabled recorders apart from the default recorder

1. Inthe Experiment Environment, select Measurement > Start Visualization
<F11>.
The individual recorders react as described in the previous section.
2. Pressthe <F5> key to start recording with Recorder Manual.
To stop the recordings

The recording with Recorder Period has already been automatically stopped
after 30 seconds.

1. Select Measurement > Stop Measuring <F9>.

This initiates the following events:

a. Therecording of Recorder Manual is finished. The recorded values
are saved in the output file Tutorialyyyy-mm-dd.dat (whereby
yyyy-mm-dd corresponds to the current date). If a file with this name
already exists, it will be overwritten.

b. Therecording of Recorder Trigger isfinished. The recorded values
are saved in the output file Tutorial302.dat. If a file with the name
Tutorial302.dat already exists, the new file will be named Tutori-
al303.dat.
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1.4 Questions
Answer the following questions to test your understanding of the subject matter
presented in this lesson.

1. How many conditions can you define for a start trigger?
AT

B. 2
C. Many

2. How many conditions can be made to apply simultaneously for a start trig-
ger?
A1

B. 2
C. Many

3. If astop trigger has been defined, the posttrigger time is ignored.
A. True

B. False

4. If a start trigger is activated, the recording duration setting is ignored.
A. True

B. False

5. Which command starts recording with the default recorder?
A. Start visualization

B. Startrecording

7.5 Summary

In this lesson you measured the variables defined for the Lambda Control
experiment. You made a manual recording, a recording with fixed duration and a
triggered recording and saved all results into a file.



8.1

8.2

Lesson: Calibration

Learning time: 80 minutes

Objectives

In this lesson you display and calibrate the calibration elements associated with
the Lambda control experiment. You learn to use and manipulate calibration data-
sets. For calibration you use tabular as well as graphical calibration editors, and
change single values as well as ranges of values.

For modifying several calibration variables and activating them at once, you will
learn how to work with calibration scenarios.

Review of the Most Important Concepts

Calibration task

It is the task of the ECU (Electronic Control Unit) to control the engine so it
exhibits a desired behavior. The ECU uses a feedback process to do this: it
measures the state of the engine using sensors, and then changes the state
of the engine towards the desired behavior using actuators. The new state is
measured and adjusted again and again, until an equilibrium is reached. Cal-
ibration is the process of adjusting the feedback parameters in such a way
that the car exhibits the desired behavior when the equilibrium state is
reached. Because the state of the car changes as it is driven, there are many
of these equilibrium states, usually called process points. A car is non-linear
system, and the control algorithm cannot rely on mathematics to determine
the feedback values. Instead it looks up the required actuator settings in a set
of tables, using the sensor values as lookup criterion. The calibration task con-
sists of setting the values in the tables. The same ECU can have different valid
sets of calibration values implementing a different behavior, one set for a fast
car, for example, and another set for an economical car.

Variables, measure variables, calibration variables (characteristics, curves,
and maps)
The term variable is used as a collective name for both measure variables and
all types of calibration variables.

In general, a measure variable is a value passed by a sensor, and can be used
as a lookup value for calibration variables. Moreover, it is possible to measure
derived or calculated characteristics, or, with corresponding settings, also cal-
ibration variables.

There are three types of calibration variables:



A. Characteristics are fixed values used as constants by the ECU program
after they are adjusted during the calibration process.

B. The ECU uses look-up tables to determine the required value of an actu-
ator setting as a function of measure variables (see Calibration Task). If
one variable is used to look up one output value, the table is called a curve,
because it can be represented graphically as an xy-curve.

C. Alook-up table using two or more measure variables to find one output
value is called a map, because of the analogy to an elevation map; think of
the input variables as the coordinates, and the output value as the elev-
ation of a certain location on the map.

Maps that derive the output value from three or more input values are
called multi-dimensional maps.

Process point

For any curve or map, the process point is the current lookup value passed to
the ECU. The process point changes with the value of the measure variable
used as lookup criterion into the curve or map. The process point can be visu-
alized on the map; in a tabular calibration editor the cell holding the current
lookup value is 'selected'. As the process point changes, the selection moves
across the cells of the table.

Dataset

The values making up the characteristics, curves and maps are stored in per-
manent memory in the ECU, and accessed by the ECU processor. A set of cal-
ibration values stored in the database is called a dataset. Datasets are
versioned; a certain version corresponds to a certain calibrated behavior. Data-
sets are stored in *.hex or *.s19 files and referenced in the database. These
files are binary images of the ECU memory, and beside the calibration data
they also contain the ECU program itself.

Calibration Scenario

Using the Calibration Scenario Editor, you can configure several calibration
scenarios within the Experiment Environment. Each scenario contains a set of
calibration variables. These can be calibrated individually from each other.
Afterwards you can easily activate complete scenarios on the ECU, i.e. when
switching to that scenario, a complete set of calibration variables gets mod-
ified on the ECU at once. This feature allows you to compare the behavior of
variables that belong together, thereby optimizing data in an efficient way.
Such a set of calibration scenarios including the corresponding settings is
called a calibration scenario configuration. In addition to that, it is also pos-
sible to save individual calibration scenarios in external files (e.g. CVX) for data
exchange.
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Tasks

Add Calibration Variables to the Experiment

To change calibration variables, they must be added to the experiment. The cal-
ibration variables are added in the same way as described for measurements in
Lesson: Setting Up an Experiment. The calibration variables are displayed in the
Experiment Environment in separate calibration windows, which are also called
editors.

In "Lesson: Setting Up a Workspace” on page 22 you loaded a master dataset to
initialize the project with calibration data. This means that when viewing cal-
ibration elements they have appropriate values.

Adding calibration variables to the experiment is done in the same manner as
adding measure variables. Some helpful hints:

— Inthe "Variable Selection” dialog, the first symbol before the names of the
calibration variables always is a blue circle.

L

— Thereis afilter you can use to select calibration elements in the variables
list of the "Variable Selection "dialog. Apply the filter by clicking the icon for
calibration variables in the toolbar of the "Variable Selection” dialog.

— When selecting calibration variables in the "Variable Selection” dialog you
can mix characteristics, curves, and maps freely.

Using the skills you acquired in "Lesson: Setting Up an Experiment” on page 36 to
add the following characteristic values. Use the filters from the toolbar and the
alphabetic filter.

1. Add the following scalar arith. elements:
FRMAX
FRMIN

2. Add the following curve:
TSPERN

3. Add the following maps:
KFRP
KFRI
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[ Experiment: >LambdaControl< Hardware: >One€TK<
Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator Instrument Window ?
o | ElKtestdevicer | . O we: 04001
JFD # o400 Y @re: o0 PO
&
H Calib) Combined Editor [2] ~
FRMAX| [ .
= TSPERN <Curve> 0 xN[
@ I: =
ool Z 20000
o [Brrml || &
w [2[ Combined Editor [3] [r=e ]
= 2]
= = |[KFRP <M; ~
| e K, ool =———= <Map> 0 xND v TL0
< y\x | 7200000 100000.. 140000.. 180000.. 2200.00.. 3000.0C
x| 00000 1000000 3 11496) 00566 00566 00249 00303 00303  003C
4| [B1R2 z 00000 00000 15000| 00659 0.0650 00303 00342 00342 0034
19016 00454 00454 00342 00391 00391  003¢
> I 20092| 00342 00342 00391 00415 00415 0041
O Measure table [2] 3.0512 0.0371 0.0371 0.0415 0.0415 0.0415 0.041
37002 ] 00391 00415 00415 00415 0041
R 781.00001]
(é LR_I_Anteil 0.2637 ]
G| LR_P_Anteil 01231
2| FLR_AP 881.0000 []
DTVKA -0.8500 []
< >
B ... PR v
>
55| Measurement stopped Max. buffer level: 0%

Note that the following editors have been added to the experiment:

Both characteristics are presented in the Calibration window [1]. The curve is
displayed in graphical and tabular form in the Combined Editor [2]. The maps are
presented in graphic and tabular form in the Combined Editor [3] . By setting a
different variable using the combo box at the top, you can switch maps in the
Combined Editor [3].

As you may have noticed by now, the experiment is very confusing. In the next
lesson, you will learn how to divide the display of the experiment into layers by
using the display configuration in the Variable Selection dialog.

To divide the experiment into layers

1. Select Variables>Display Configuration.
The "Variable Selection” dialog opens on the "Display Configuration” tab.

2. Inthe toolbar, click on the following icon to add a new layer:
=

3. Rename the new layer to Layer Calibration.

4. Click on Calibration window [1], press and hold the <SHIFT> key and high-
light all windows down to Combined Editor [3].

Select Cut from the context menu.

6. ClickonLayer Calibrationand select Paste inthe context menu.
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Experiment S ies
=-[@ Experiment
- Used In Background Recol
4 Default Recorder Layer_Calibration
@ Record Only = Wi
(] used In Triggers g
[

Name Comment

Name
Calibration Window 1]
Combined Editor [2]

Combined Editor [2]
 Combined Editor [3] | | oM Pined Editor [3]

@y KFRI = Widgets
@l KFRP Name

@ KFRTV Calibration Window 1]

[ Widgets
Name | Autometic optimum size | Show working peint
Combined Editor [2] :No No
Combined Editor 3] No No
< >
Hel
= variables ‘ a ‘
[} pisplay C:
= Error
="

 Variables Configuration

7. Click OK to adopt the settings and to return to the experiment envir-
onment.

In the bottom area of the experiment, the layers Layer Measure and
Layer Calibration can be selected viatabs.

8. Clickonthe Layer Calibrationtab.

9. Move and scale the editors so that all can be viewed very well.

[ Experiment: >LambdaControl< Hardware: >OneETK<

Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator Instrument Window ?
g ETK testdevicer! 4= (O WP: 04001 r;
) )

D] 0400 " @re: 0a0 D0
& - Combined Editor [2] ~
1| = catioration window 11
R . == TSPERN <Curve> ¥ 0 x NI
FRMAX | 15015 Bl =
o = Z 2
@([erMIN | 0.5005 o ||| &>
@ w

o 1.0000
— 7]
= = 0.0000 &

N
]
< x| 00000 1000000 2000000 3000000 4000000 5000000

z | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
J=
[ &0 combined Editor (3] [E=REEE X"
8 == |KFRTV <Map> ¥O xND y: L0

yix | 7200000 1000.00.. 1400.00.. 180000.. 220000.. 300000.. 3600.00..
— 1.5000 -02300 -0.1200 -0.0300 -0.0300 0.0100  -0.0400
] 20000 01800 02100 -00200 -0.0100 00800 -00100
Q 2.5000 -0.1100 -0.0800  -0.0500 0.0400 0.0400 0.0000
— 3.0000 01200 00600 -00200 00700 00700 00300
| 40000 01600 00300 00100 00200 00200 -00200
5.0000 0.0000 0.0000 0.0000  -0.0600 0.0000 -0.0900
v
Layer Measure  Layer_Calibration

%‘Measuremen(stupped | Max. buffer level: 0%

8.3.2 Switch Between the Reference and Working Datasets

As you have seen in "Lesson: Calibration” on page 69, INCA keeps several copies
of the calibration data with the project: a reference and a working dataset, shown
in the project information as Reference Page RP and Working Page WP.

The reference page is read-only. You use it to compare the behavior of the
engine. Also, you may want to return to the reference dataset in case your cal-
ibrations do not work out as expected, and you want to reset the calibration.

The working page can be modified. This is the dataset you use to do calibrations.
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INCA allows you switch easily between the reference and working pages. You can
see whether you are using the reference or working page by watching the back-
ground of the calibration editor windows: if they are gray the reference page is
active, if they are white the working page is active.

To switch between reference and working page

1. Directly below the menu bar of the "Experiment” window you see a toolbar.
Near the center of the toolbar are two radio buttons, one labeled WP and
one labeled RP. The names of the corresponding datasets are displayed
right to the radio buttons; in this tutorial they are 0400_1 for the working
dataset and 0400 for the reference dataset.

2. Click the radio button labeled WP to switch to the working page.

[® Experiment: >LambdaControl< Hardware: >OneETK<

Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator Instrument
Window 7
19 ETK testdevice:1 5- (@R LAEGKS
hig _ .
fal % 0400 ez 000 RN |
H ) Calibrat. | | () [gada] | - Combined Eitor 2
FRMAX | 15015 [2][p | [= |TsperN <curves ~l0 xNQ
-
@||FRvIN | 05005 '4||] 2 20000
& ool
p2 = 00000 =
i
= [ x [ 00000 1000000 200.0000 300.0000 400.0000 500.0000
@ k4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
-
= Combined Editor [3]
= KFRTV <Map> ¥ 0 xNO ¥ TLD
» y\x | 7200000 100000.. 140000.. 180000.. 220000.. 3000
@ 15000 ERZEE] 02300 01200 -00300 -00300 001C~
20000| -01500 -0.1800 -02100 -0.0200 -00100 008
25000| 01600 -0.1100 -0.0800 -0.0500 00400 004
£ 30000| -00900 -01200 -0.0600 -0.0200 00700  007C
%G 40000/ -00500 -0.1600 -00300 00100 00200  0.02(
© N nnnn nnnnn n nnnn N nnnn -NN&NN nnne v
.Q_ >
< >
» Layer_1 Layer Calibration
2% | Measurement stopped Max. buffer level: 0%

3. Select Experiment > Save.

Download the Current Version of the Calibration Data to the
ECU

If a connection to the ECU is made, it is possible to access the calibration data in
its memory. Note that in a real setting the hardware typically contains a version of
the calibration data which is different from the data you loaded for the project. To
ensure that you are calibrating using the appropriate version of the calibration
data, you must transfer the calibration data to the ECU.

To download the current version of the calibration data to the ECU

1. Select Hardware > Hardware status.

Verify the hardware status to ensure that there is an active connection to
the ECU. Then close the hardware status view.

2. Select Hardware > Manage memory pages.
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The "Memory Page Manager” opens.

*4 Memory pages of: TS test system: 1\ETK test device:1 [Working page]

Dotaset  Utilities
2 Action 5 From 6To
1 Devices
- ® Download Datasets Warking page Dot
S{ETK test device: T} O Copy File + Code page
Reference page Close
) Flash programming
+ Code page .
O Uplosd [ Select Next / Auto Close
() Verify checksum
(O HEX view
Reset
o= Calibration access Device group active
3 Apply to.
() Data
@ Code + Dats
‘Working page Datasets
I
H —— || Reference page H WP 0400 &
Code
e e RP: 0400
Datsssts
J/ " ETK
Viorking page
.
Reference page Y
S
ETK Code page
Ecu
Checksum Datasets ECU
Workingpage  0x1F45  Dx1F46
Reference page DxIF46  Ox1F45
Codepage D192 0xD192
% Checksums Not Matching EPROM ID ASAPZ: (not available)
EPROM IDDS:  (not available)
Checksums Unk
2] Sizremsllatrarn EPROM IDECU:  (not available)
= Checksums Mstching

The Memory Page Manager allows you to perform several actions on the
calibration data. All actions involve moving calibration data from one place
to another. The Devices field shows all the ECUs in the current hardware
configuration, including the checksum calculation status. The set of radio
buttons in the Action field allows you to select the action to be performed.
The From and To fields list the possible source and destination locations of
the calibration data. The graphic in the center of the window summarizes
the action you are programming. It updates dynamically according to the
selections you make. Use the graphic to double-check that the pro-
grammed action is what you want to ensure that the hardware won't be
damaged when you actually move the data.

In the Action field, activate Download.
In the Apply to field, activate Code + Data.
In the From field, select Datasets.

Inthe To field, press and hold <CTRL> and select Working page+Code
page and Reference page+Code page.

Click Do It to start the action and click Close to return to the experiment.

Show Process Point

Now that there is an active connection to the ECU, you can show the process
point on the curves and maps.

To show the process point on the TSPERN curve

1.

2.

In the context menu of the Combined editor [2], which displays TSPERN,
select Set Editor on Process Point.

Select Measurement > Start Visualization.
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[ Experiment: >LambdaControl< Hardware: >OneETK< - [Combined Editor [2]]

[l Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator Instrument Window ?

oy | ElKtestdevicer! | . @ WP: 04001
2, X
Ble 0400 Y4 Ore om0 PO

== |TSPERN <Curve> ~o xNO

2.0000

A¢mIC

1.5000

1.0000

05000

Z: TSPERN[]

=

0.0000%

0.00000{]
100.0000({]
200.0000]
300000041
400.00000f]

X:N ]

OVl & ii

5000000041

X ‘ 0.0000 100.0000 200.0000( 300.0000 400.0000] 500.0000

z 00000 0.0000[ 00000 0000 00000

N: 344.0000 1 TSPERN: 0.0000 []

Layer Measure _ Layer_Calibration

[ B2 ckground rec. on|visualization on / Default rec. stopped

B oo revei:33%

Note that the process point is visualized in the Combined editor [2] with
the TSPERN map by a green frame around the table entry that corresponds

to the process point.

3. Stop measuring.

Perform the Calibration Task

A WARNING

thus can lead to safety critical situations.

Calibration activities influence the behavior of the ECU and the systems con-
trolled by the ECU. This may result in unexpected behavior of the vehicle and

Now it is time to do the actual calibrations.

To calibrate the scalars

1. Inthe Experiment environment, ensure that the working page is active.
2. Select the Calibration window [1] with the characteristics FRMAX and

FRMIN.

3. Double-click the value in the edit box to the right of the parameter name

FRMAX.

4. All digits constituting the value in the cell are selected. Type 1. 25 and
press <ENTER>. The setting is rounded to 1.2452, the nearest value avail-
able according to the description of the parameter in the project descrip-
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tion file.

5. Change FRMIN to 0. 75 using the same method.

= Experiment: >LambdaControl< Hardware: >On...

O Experiment Edit View Variables Measurement Hardware Dataset
Components E-Target DBC Generator Instrument Window ? - & x
[ ETK test device!l 4. (@ WP: 040011 -

al 0400 " Ore o400 Diff:2

| FRMAX J, 12452 ,J[]

R
«»|FRMIN 0.7447 sl

> Layer Measure  Layer_Calibration

2% [Measurement stopped Max. buffer level: 0%

In the following exercise, you first enter new values for the TSPERN curve in the
table and then refine the calibration using the graphical display.

To calibrate the TSPERN curve

1. Maximize the window of the Combined editor [2].

2. Change the values in the cells using the same methods as for changing

parameter values:

x=0: z=0.5

x=100: z= 1.2

x=200: z=1.3

x=300: z=1.2

x=400: z=1.35

x=500: z=1.35

3. Change the value for x=500 by reducing the x-value from 500 to 450

[ Experiment: >LambdaControl< Hardware: >OneETK< - [Combined Editor [2]]

2B Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBCGenerator Instrument Window ? _ s x
ETK test device:! .- (@ WP: 04001
L )
fal ) 23 G U aee- it 15
[ [TspeRn <cues Vo xNp
% 450.0000 7 13500

& ? 1.2000
«
s z

i 10000
= o
& 2 05000
=l ™ oso00
= S S S S S S

S g S g g g

[ E g = e E g
> g & g € Z
@ X:N[]

x 0.0000 100.0000 200.0000 300.0000 400.0000[* 450.00.
g 7 |+ 05000 12000 13000 12000 1.3500 AR
;Q.
B3| [~ 47400000 TSPERN: 1.3500 [

Layer Measure  Layer_Calibration

€53 Measurement stopped Max. buffer level: 0%

The curve now appears in its new shape, according to the values you
entered in the table. Note that the curve is not smooth.

To smoothen the curve using the graphical area of the editor

1. Click the little triangle on the curve representing the value of TSPERN at
x=300.

A colored mark indicates you can now change the value for x=300.
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2. Drag the triangle to a new position on the chart so the curve looks smooth.

[ Experiment: >LambdaControl< Hardware: >OneETK< - [Combined Editor [2]]

[2F Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator Instrument Window ? - & x

[, EKtest deviced ¢, @ WP: 04001
0400 v

Ore: o400 D15

== |TSPERN <Curve> Y0 x NI

x:300.0000 z 13268

1.2000

1.0000

Z: TSPERN []

0.8000

0.6000

0.0000
1000000
200.0000
300.0000
400.0000
450,0000

OVE hi B il DGET ™

X:N ]

X 0.0000 100.0000 200.0000 300.0000 400.0000[~ 450.00;
z |~ 05000~ 12000~ 13000 FEER~ 13500[~ 1350

@ N: 474.0000 1 TSPERN: 1.3500 []

Layer Measure  Layer_Calibration

£33 | Measurement stopped Max. buffer level: 0%

3. Restore the Combined editor to its normal size.

Entering the new values for all the entries in the TSPERN table was fairly time con-
suming. In order to facilitate the calibration task INCA allows you apply changes
to an entire range of values using a single command. In the following exercise you
apply three such changes to ranges of map values.

@ Note

When calibrating the arith. elements, also consider the Diff counter in the
upper area of the experiment. It counts the total number of performed changes
in bytes, thus allowing a quick overview of the differences between the ref-
erence and working page.

To calibrate all values of a map

1. Select the KFRTV map in the Combined editor [3] and maximize this win-
dow.

2. Select one value in the map table.
Select Edit > Select All Values to select all table entries.
4. Inthe context menu of the marked entries, select Add Offset.
The "Add Offset” dialog appears.
5. Enter 0.2 inthe edit box and click OK to go back to the Combined editor.
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All values were increased by 0.2.

[ Experiment: >LambdaControl< Hardware: >OneETK< - [Combined Editor [3]]

R Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator Instrument Window ?

€
H
@
@
@
¥
=
L]
»
@
%
%
<«
(2]

ETK test devicer! | .. (@ WP: 0400_1
Py X
0 Y5 Ore oao DM 8%
= |kFRTV <Map> ~lo xnNO v LD
y\x | 7200000 100000.. 140000.. 1800.00..] 2200.00.. 3000.00.. 3600.00;
- %:zb RS N
Ty R, = x
P,
2
%, s
o3 oy
o 24

Layer Measure  Layer_Calibration

£33 | Measurement stopped Max. buffer level: 0%

To fill a map with a value

1.
2.

Select the KFRI map in the Combined editor [3].

Select all values with y=1 . 5 by dragging the mouse over the appropriate
cells while keeping the left mouse button depressed.

In the context menu of the selected values, select Fill With Values.
The Fill with value dialog appears.
Enter 0. 8 in the edit box and click OK to go back to the Combined editor.

All values in the selected series were setto 0.799

xperiment: >LambdaControl < Hardware: >OneETK< - [Combined Editor [3]]

B Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator Instrument Window ? _ 8 x
[ ETKtestdevicerT | o (@ WP: 04001
Py X
fa‘ ? 0400 "8 Ore oao DM %8
H = |KFRI <Map> ~0 x NI y. L0
y\x  [1200000 10000000 14000000 18000000 22000000 30000000  4000.0000
@ 11496 | 0.0549 0.0610. 00366 00366 00427 00549 00610
- 999 7999 999 999 999| 999 999
4 19016 0.0275 0.0275 00366 00549 00610 00824 00916
= 22992| 00305 0.0366. 00427 00610 00671 00916 0.1221
0 30512| 00305 0.0305 0.0549 00702 00793 01068 01373
' 37992| 00366 0.0427 00549 00732 00855 01221 0.1526
¥
J=
nQ.
e < >
Layer Measure Layer_Calibration
£33 | Measurement stopped Max. buffer level: 0%

To multiply values in the map with a single value

1.
2.

In the Combined editor [3], select the KFRP map.

Select all values with x=1000 and x=1400 by dragging the mouse over the
appropriate cells while keeping the left mouse button depressed.

In the context menu, select Multiply by Factor.
The "Multiply by factor” dialog opens.
Enter 1.1 inthe edit box and click OK to go back to the Combined editor.
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All selected values were increased by 10%.

[ Experiment: >LambdaControl< Hardware: >OneETK< - [Combined Editor [3]]

[2F Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator Instrument Window ? - & x

ETE test device:1 3 (@ WP: 0400_1

Ore: o400 D110

= |KFRP <Map> ~l0 xNO ¥ LD

y\x ‘ 720.0000 1000.00.. 1400.00.. 1800.00.. 2200.00.. 3000.00.. 3600.00.

11496| 00566 INNTHMUEE 00303 00303 00303 00303
1.5000 0. 0.0342 0.0342 0.0342 0.0342
19016 00391 00391 00391 00391
22992 0.0415 0.0415 0.0415] 0.0415]
30512 00415 00415 00415 00415
3.7992 0.0415 0.0415 0.0415] 0.0415]

OVE a< il B¢ET D

LA

)

Layer Measure  Layer_Calibration

£33 | Measurement stopped Max. buffer level: 0%

5. Restore the Combined editor to its normal size.

Save the New Calibration Dataset

The changes to the calibration elements are automatically saved as soon as you
make them.

At this point, all you need to do is save the experiment to retain the calibration
windows for future use.

But if you are making changes to a group, you should document your work and
save the dataset of changes in a file exchange format.

You will learn how to do that in Lesson: Managing Calibration Datasets.

Edit Several Calibration Variables and Activate them at Once

You can use calibration scenario configurations to edit several variables and activ-
ate them at once. In contrast to the procedures used in the previous section,
modifications of calibration values are not automatically saved and applied.

To create a new calibration scenario configuration

1. Inthe "Variables” menu of the Experiment Environment, select the New Cal-
ibration Scenario Configuration command.

The "Calibration Scenario Editor” opens.

2. Inthe ” menu, select the Add Variables command.
The "Variable Selection” dialog opens.

3. Select the following variables:
FRMAX

FRMIN
TSPERN
KFRP

KFRI
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KFRTV

4. Click OK.

The variables are added to the calibration scenario configuration.

To create an external calibration scenario

1.

Inthe “Scenario” &~ menu, select New scenario.

A new scenario with the name Scenario-01 is created.

In the "Save" H ~ menu, select Save configuration.

Select Rename scenario from the context menu of the new scenario.

The "Rename scenario” dialog box opens.

Enter cCalScen Data asitsnew name.
Click OK.

& Experiment: >LambdaControl < Hardware: >OneETK< - [Calibration Scenario Editor [Scenari - (m]
Experiment Edit View Variables Measurement Hardware Dataset Components E-Target DBC Generator
Window  ? - & %
[ ETK test device:1 5. @ WP: 0400_1 [@ WP - Working page
1. - :

fDI ¥ 0400 * Ore 020 D84
W CREMTNERE]
- Type Variable RP owP WP CalScen_Datz| A
@ c FRMAX 15015 15015 20020 15015
@ @ c FRMIN 05005 05005 05005 05005
e & KFRI i i i I
@ e 153 KFRP i 1 i i
=] @ & KFRTV i} i} 0 ]

o w | wem 1 I i
o
> layer 1 Layer_Calibration
35 [Measurement stopped Max. buffer level: 0%

To edit the calibration variables

1.

Verify that the working page is enabled (see "Switch Between the Refer-
ence and Working Datasets" on page 73).

Inthe CalScen_ Data column, click on the value of the variable FRMAX.

In the lower part of the window, the editor which is used for editing the cal-
ibration values is displayed.

Click on the value in the editor.

Select Multiply by Factor in the context menu.
The "Multiply by Factor” dialog box opens.
Enter the value 1.1.

Click OK.

The selected value is multiplied by 1.1.

[® Experiment: >LambdaControl < Hardware: >OneETK< - [Calibration Scenario Editor ..

Experiment Edit View Variables Measurement Hardware Dataset Components E-Target
DBC Generator Window 7?7 - &8 x
P ETK test device:1 = @ WP: 0400_1 @ wp - Working page N
2, X .

fDI % 0400 “ Ore: 400" | PiM110
YE =52 F]
- Type Variable RP owp wp CalScen_Dat
L d ic FRMAX 15015 12452 1.2452 1.3697
. @ © FRMIN 0.5005 07447 0.7447 07447
&>
- @ Tty KFRI i il 0 i]
&l e 153 KFRP 0 i 0 ]
=0 & KFRTV i i 0 Il

@ e, TSPERN 1] i] 1] 0
o
i
I

FRMAX [+ 13097 /o

> layer Measure  Layer_Calibration
£ [Measurement stopped Max. buffer level: 0%
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Inthe CalScen Data column, click on the value of the variable FRMIN.

In the lower part of the window, the editor which is used for editing the cal-
ibration values is displayed.

Click on the value in the editor.

Select Divide by a Divisor in the context menu.
The "Divide by a Divisor” dialog box opens.
Enter the value 1.2.

Click OK.

The selected value is divided by 1.2.

| Experiment: >LambdaControl < Hardware: >OneETK< - [Calibration Scenario Editor ..

Experiment Edit View Variables Measurement Hardware Dataset Components E-Target
DBC Generator  Window 7 -8 x
ETK test devicer | o @ WP: 0400_1 WP - Working page
Y K
E‘ * 0400 “Ore: o400 | PO
o CMEMrMENME]
- Type Variable RP owp wp CalScen_Dat
@ | T FRMAX 15015 12452 12452 13697
@ L d © FRMIN 0.5005 07447 0.7447
“ e & KFRI i i 1 il
@ @ Tt KFRP 0 il i il
=@ 153 KFRTV i i i ]
@ ey TSPERN i i 0 ]
@
v
oo
FRMIN |, 0.6205 2o
> layer Measure  Layer_Calibration
3 [Measurement stopped Max. buffer level: 0%

Inthe CalScen Data column click on the value of the variable KFRI.

In the lower part of the window, the editor which is used for editing the cal-
ibration values is displayed.

Maximize the window of the Calibration Scenario editor and scale the
graphic so that you can recognize it.

Select Optimize Column Size from the context menu of the table,.

The columns of the table are adjusted accordingly to the size of the values.
Click on the first value and press <CTRL + A> to mark all values.

Select Add offset from the context menu.

The "Add offset” dialog box opens.

Enter the value 0. 1.

Click OK.

Thevalue 0.1 isadded to all selected values of the map.
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B Experiment: >LambdaControl< Hardware: >OneETK < - [Calibration Scenario Editor [Scenario Editor Confi.. — O
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> Layer_Measure

Layer_Calibration

) |Measurement stopped

‘ Max. buffer level: 0%

Inthe calScen Data column click on the val

ue of the variable KFRTV.

In the lower part of the window, the editor which is used for editing the cal-

ibration values is displayed.
In the editor select the values in the first thre

Select Increment from the context menu.

e columns.

All selected values are incremented by a preset value.

[ Experiment: >LambdaControl< H;

ware: >OneETK < - [Calibration Scenario Editor [Scenario Editor Confi.. — — )
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> Layer Measure  Layer_Calibration
%|Measurement stopped ‘ Max. buffer level: 0%

You have now finished editing the calibration variables.

22. Inthe Save - menu select Save configuration.

To activate the edited scenario

1. Restore the Calibration Scenario Editor to its normal size.
2. Clickinthe calScen Data column.
3. Select Activate scenario from the context menu.

Observe the values in the editors of the experiment, they are changed by
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activating the calibration scenario.
The values of the calibration scenario are directly copied to the working
page.

@

Note

When you perform the calibration task online, the values are enabled on the
ECU immediately upon activating the scenario.

To store the scenario as an external file

1.
2.

2B LEE

Clickinthe calscen Data column.

Select Save scenario as from the context menu.

The "Save as” dialog box opens.

Enter calScen Data for the file name.

Selectcvx files (*.csv) forthe file format.

Click Save.

Close the experiment to return to the database management.

A confirmation dialog appears asking whether the original values for the
working page should be restored.

Respond with No.

0

Note

Only those calibration variables that are part of the scenario are written to the
data exchange file. If you save the external scenario in an existing file, all pre-
viously saved variables get deleted.




8.4 Questions

Answer the following questions to test your understanding of the subject matter
presented in this lesson.

1. How many curves can you calibrate in a single combined editor in 3D dis-
play?
AT
B. 2
C. Many

2. How many parameter values can you calibrate in a single operation?
A1

B. 2
C. Many

3. How many map values can you change in a single operation?
A1

B. 2
C. Many

4. Which of the following descriptions best describes changing the display
format of a calibration element?
A. Use the menu of the calibration editor to get a list of dis-
played calibration elements and their format settings.
Change the setting for the appropriate calibration ele-
ment.

B. Move the calibration element to a new window. Before
the new window is displayed, you can set the format to
the desired format.

C. Rignht-click the element and select the desired format
from a context menu.

8.5 Summary

In this lesson you added the calibration elements for the Lambda control exper-
iment to the Experiment window. You know the difference between reference
and working page. You calibrated characteristics, a curve, and some maps by
applying changes to both individual values and ranges of values.

Moreover you have created a scenario by means of the Calibration Scenario
Editor in order to activate several calibrations at once. You have saved the cal-
ibrated variables in a data exchange file to be able to use them elsewhere.
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9.3

Lesson: Managing Calibration Datasets

Learning time: 45 minutes

Objectives

You can use the Calibration Data Manager for managing calibration datasets. You
document your calibration task, save the results in a data exchange file, compare
different datasets and merge different datasets into a new reference dataset.

Review of the Most Important Concepts

Calibration Data Manager (CDM)

The CDM allows you to manage and analyze datasets that have been gen-
erated during a calibration task.

Inthe CDM it is possible to list, copy and compare complete datasets or their
contents.

Dataset

The values making up the characteristics, curves and maps are stored in per-
manent memory in the ECU, and accessed by the ECU processor. A set of cal-
ibration values stored in the database is called a dataset. Datasets are
versioned; a certain version corresponds to a certain calibrated behavior. Data-
sets are stored in *.hex or *.s19 files and referenced in the database. These
files are binary images of the ECU memory, and beside the calibration data
they also can contain the ECU program itself.

Data exchange file

Files in a data exchange format allow you to provide the datasets that have
been created in a calibration task for being used in other programs or by other
users.

Tasks

When performing calibrations over the course of a project it is useful to be able to
manipulate and compare different versions of the calibration dataset you are
working on. With the CDM you are able to perform these tasks. The CDM can be
started from the Database Manager, and runs in its own application window, just
like the Experiment window.

For working in the CDM, you can distinguish between two main use cases. For the
calibrator it is useful to document his work and save it to a data exchange file.
The task of the responsible calibrator consists of merging the different cal-
ibration datasets into a new dataset.
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The CDM offers three main possible actions: List, Compare, and Copy. All three
actions which you can perform with the CDM have similar user interfaces. It is
pest to start the CDM and look at its layout.

B8 COM - CAETASData\INCA7.4\Tutorial_listen_CPY.TXT

File Datasets Variables Actions Options View ?
PHe ||
Copy source Action

Action | Copy v

Format |ASCII ~

Activ¢ Dataset Variatj Changes Variables ta process

# T EETTE R kL $HB==¢ 00000
CHCIC ) v [eemior ] Clsearch

0/0

< >

About Quality Process
Kev Vale
< >

Results
0 Errors 0 Different variables
0 Wamninas 0 New variables
Output file 0 Missing variables Start action
| CAETASDataVNCAT. )\ Browse Copy highlighted

View \ Tutorial_listen Copy all

Start the Calibration Data Manager
To start the Calibration Data Manager (CDM)

1. Inthe "Database Manager”, select Utilities > Calibration Data Manager

or

2. click%a

or
<CTRL>+<F11>.
The "CDM" opens.
3. Inthe Action drop-down list, select List.

The Action field in the top-right corner of the CDM shows for which action
it is configured. The labels of the buttons at the bottom right of the window
change accordingly. Now it is displaying List.

The result of an action is always a file. The file path is displayed in the title
pbar. If you generate a new configuration, INCA generates this path auto-
matically by using the system variable $ {EcuProjectPath}\.

4. Click on Browse.. to select a permanent directory for your output files.
The Directories dialog appears.
Browse tothe . . \ETASData\INCAx.y\CDM\. . directory.

6. Click OK.
In the field Output base name, enter Tutorial and click <ENTER>.

Start Action

Tutorial
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The result file path in the title bar has changed to reflect the changes you
made.

To be able to use a single file path for output files with the same name,
INCA adds an action control code to the file name, e.g. Tutorial
CPY.TXT. The action control codes are _LST, _CPY and _CMP for the copy
and compare actions, respectively.

Select the Ccopy option from the Action list field and look at the changes to
the output file name in the title row.
INCA added the action control code _CPY to the name.

Change back to the List action.

The Format field below the Action field specifies the output format for the
file to which INCA exports the result of the action. Selecting a certain
format determines the extension of the output file.

Click the arrow button of the Format combo box, and select HTML from the
drop-down list. Observe the changes to the output file name in the title
row. The file name should now read <INCA
base>\ETASData\INCA\CDM\Tutorial LST.HTM.

The Variables to process group below the Format field contains a list box
with the variables the action is applied to. The label above the list box
shows how many variables of a total number of variables available in the
project are selected for the action.

To select a source dataset

1.

Select Datasets > Select source dataset.
The "Select source dataset” dialog appears.

Expand the tree structure of the Tutorial database and navigate to the
folder Project 0400. Select the project 0400.

The datasets 0400 and 0400 _1 appear in the right half of the dialog in the
Datasets field.

3. Selectthe 0400 1 datasetin this field, then click OK to get back to the
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CDM.

Select source dataset

Edit View Dataset

1 Projects Add 3 Datasets
) DEFAULT = ¢J 0400
= ¢ Tutorial Wi 0400 <TUTORIAL>
J Experiment Lk 0400_1 <TUTORIAL>
= ¢J Project_0400
@ 0400

1 Workspace

(20.02.2020 09:57:54.0) Ch: 185 RP: 0400 (Tutorial/Project_0400/0400/0400/0400
Project - 0400

2 Project Comment 4 Dataset Comment

ASAM-2MC file: C\ETASData\INCA7. \Data\Demo\0400.a2 A |||| the source of this dataset is the hexfile:
C\ETASData\INCA7. \Data\Demo\0400.hex

PROJECT NAME: Stim_buff3gh1_bypass 09.04.2019 08:16:28 770 KB

PROJECT LONGIDENTIFIER: Generated from ASCET-SD Project Stim_buff3.1_byy
HEADER VERSION: Stim_buff3.1_bypass

HEADER PROJECT_NO: ASCETSD

MOD_PAR CPU_TYPE: C167 Copied from the master: 0400. (19.02.2020 13:02:49)

<

OK Cancel

To add variables

1. Select Variables > Add.

The "Variable Selection” dialog opens. Further information on the Variable
Selection dialog can be found in "Lesson: Setting Up an Experiment” on
page 36.
2. Using the procedures that you learned in "Lesson: Calibration” on page 69,
select the following calibration variables:
FRMAX
FRMIN
TSPERN
KFRP
KFRI
KERTV

3. Click OK toreturn to the CDM.

Variables to process
# R T T @1

6/231 0

v Behavior
O FRMAX (13672292045246742 [ 1 )]
@04l FRMIN (0.6225775933103427 [ | )
HOY KFRI
O KFRP
Ol KFRTV
5Onl TSPERN

The fields List source and All datasets in the CDM define the datasets that
serve as source and destination for the action to be performed. Their use
depends on which action is performed, and is explained below, in the sections
dealing with the individual actions.

The Results group in the bottom-left corner contains six custom controls that
look like LEDs. Each of these controls reports on a specific aspect of the per-
formed action, e.g. errors or warnings. The number to the right of the LED indic-
ates how many errors, warnings, etc. were reported for the aspect related to the
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9.3.2

control. The status of these controls is continually updated as the action pro-
gresses. Click any of the LED controls to review details about the aspect related
to the control.

Compare Calibration Datasets

In order to retrace which variables have been modified by the calibrator in his cal-
ibration task and in which way, the CDM can show the differences between ref-
erence dataset and calibration dataset using the Compare function.

To compare the reference dataset with your calibration dataset

1.
2.
3.

In the Action drop-down list, select Compare.
From the Format list field, select the HTML entry.

In the window area "Comparing destination”, select the entry Add dataset
from the context menu.

The dialog box "Select destination dataset” opens.
Select the dataset 0400 as destination dataset and click OK.
In the Variables to process window, select Add all from the context menu.

In the bottom part of the window, change the entry for the Output base
name to Tutorial compare.

Click on Compare all.

In the "Results” window in the lower left, you can see that differences
between source and target were found for twelve variables.

8. Click onthe red controls and view the reports on the individual results.

10.

11.
12.

Close the reports.
Click on View to open the results file.

The "Open File" dialog opens, showing all files in the working directory
<Inca base>\ETASData\INCA\cdm.

Select the file Tutorial compare CMP.HTM.
Click Open.

Your web browser is launched, showing the compare results. Modified cal-
ibration variables are displayed in red in the HTML file.

Close the web browser.

@ Note

You can also call up the application data manager directly from within an
experiment. Steps 1. to 6. in this tutorial are then automatically per-
formed for the reference and working pages of the experiment. See our
online help for additional information about this process.
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9.3.4

List Calibration Datasets

With the List action you can document all modifications that result from your cal-
ibration task.

As an example, it can be useful that all calibrators use the List action in order to
write their calibration datasets into an external file and give it to the responsible
calibrator. To ease the task of the responsible calibrator, you can write only the
variables into the file that have actually been modified.

To list the calibrated variables

1. Inthe Action drop-down list, select List.

2. Inthe Format drop-down list, select CDF.

3. Make sure that in the List source list box, 0400_1 is still selected as
source dataset and that in the dataset list below the reference dataset
0400 is used.

4. Inthe context menu in the "Variables to process” window, select the
Select/show all differences entry.

The list of variables is reduced to all those variables that are different in the
two datasets.

5. Change the entry in the field Output base name into Tutorial list.

6. Clickonthe List all button at the bottom right.

7. You can see in the "Results” window area at the bottom on the left that a
new results file has been generated.

Copy Calibration Datasets

The task of the responsible calibrator consists of collecting the calibration data-
sets from the individual calibrators and merging them in a new dataset. For this
task he needs the Copy action. In this task it is advantageous to create a new
destination dataset by copying the reference dataset. In a subsequent step, the
calibrations performed by the calibrators can be integrated, and the responsible
calibrator can write-protect the new dataset to prevent further modifications in
this dataset.

To copy the calibrations into a new dataset

1. Inthe Action drop-down list, select Copy.

2. Inthe Format drop-down list, select ASCII.

3. Select Datasets > Read source from file > Read from file.
or

Right-click in the "Copy Source” window area and select Read from file
from the context menu.

The dialog box "Open data exchange file as source” opens.
4. Selectthe file Tutorial list.cdfx.
5. Click Open.



10.
11.

12.

13.

14.
15.

16.
17.
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A dialog opens.

Click on Overwrite.

The list box "Copy source” now shows the file Tutorial list.cdfx.
In the context menu of the destination dataset 0400 select Remove.
Select Datasets > Add destination dataset.

The dialog box "Select destination dataset” opens.

Expand the tree structure of the Tutorial folder and navigate to the
folder Project 0400. Select the project 0400.

the datasets 0400 and 0400_1 are displayed in the Datasets list box in the
right half of the dialog.

Select destination dataset

Edit View Dataset
1 Projects Add 3 Datasets
) DEFAULT =1¢ 0400
¢ Tutorial : L~ >
 Experiment S 04
560 Project 0400 Gty
@ 0400 ‘Add folder Insert
] Workspace Read HEX file(Data exchange file) ~ Ctrl+D
Create Empty Dataset
Check >
Enterprise CDM
Fill undefined ranges with Fill Byte
cut Ctrl+X
Copy Ctri+C
Paste Ctrl+V
(19.02.2020 134 00/0400_1)
Rename 2]
Project - 0400 Seirezsiay
2 Project Comment 4DatasetComl o Gataset Ctri+M
the source of t
ASAM-2MC file; C\ETASData\INCA7.3\Data\Demo\0400.a2! ~ Export Dataset Ctri+E
CAETASData\l|  —Pontbatse ™
PROJECT NAME: Stim_buff3ah1_bypass 09.04201908  Create HEX file Ctil+B
PROJECT LONGIDENTIFIER: Generated from ASCET-SD Project Stim_buff3.1_bypass _ Deliver Project Alt+P .
HEADER VERSION: Stim_buff3.1_bypass its code partw 1 ctormer im description
HEADER PROJECT_NO: ASCETSD
MOD_PAR CPU_TYPE: C167 .
< >
OK Cancel

Select Copy from the context menu of the dataset 0400.
Select Paste from the context menu of the Datasets list box.

A new datasetnamed 0400 2 is generated and added to the list of data-
sets. The dataset is selected.

Click OK to return to the CDM.

In the following steps you can use the new datasets for copying the cal-
ibrated variables into it.

Select Add all from the context menu of the Variables to process list box.

The six variables that have been calibrated as well as auxiliary variables are
added to the list box.

Change the entry in the field Output base name into Tutorial copy.
Click on the Copy all button in the lower right.

The "Results” window (bottom left) displays that there are 225 new vari-
ables. These are the additional calibration variables in the target dataset,
but not in the CDFX file.

Click on the red controls @ and view the reports on the individual results.

Close the reports.
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If the new dataset is okay, set it to write-protected. This will prevent any unin-
tended changes. Moreover you can use it as a new reference dataset for further
calibration activities.

To activate write-protection for a dataset

1. Select Freeze working data from the context menu of the destination
dataset 0400_2.
A dialog box opens which prompts you to enter a name for the write-pro-
tected dataset.

2. Enter 0410 and press <Enter>.

The dataset is now protected against further modifications. Since a write-
protected dataset cannot be modified, a new destination dataset 0410 1
has been created.

To copy the contents from further data exchange files, replace the file in the
Copy source list box by the desired data exchange file and repeat the copy
action.

It is possible to apply actions in the Calibration Data Manager to several des-
tination datasets at once.

For exercise purposes, compare the dataset from an application engineer with
the original reference dataset and your newly created reference dataset.

To compare two destination datasets with a source dataset

1. Inthe Action drop-down list, select Compare.
2. Inthe Format drop-down list, select HTML.

3. Select the dataset 0400 as source dataset.
4

. Select the not write-protected dataset 0410 1 as your first destination
dataset.

Select Datasets > Read destination from file > Read from file.

o

6. Inthe <INCA base>\ ETASData\INCA7.5\cdmpath, selectthe data
exchange file Tutorial list.cdfx asthe second target dataset.

7. Click on Open.
The data exchange file gets added to the Comparing destination list box.
8. Select Add all from the context menu of the Variables to process list box.

9. Change the entry in the field Output base name into Tutorial com-

pare 2.
10. Click on Compare all.

The "Results” window area at the bottom on the left shows the results of
the compare action.

11. Click on the red controls and view the reports on the individual results.

12. Click on View to open the results file.



9.4 Questions
Answer the following questions to test your understanding of the subject matter
presented in this lesson.

1. Which of the following actions can be performed using the CDM?
A. Database import.

Copying a dataset.
Writing calibrations of variables into an HTML file.

Database export into a CVX file.

m O O w

Listing all calibration variables and their valuesinto a
CVXfile.

2. Which actions are available in the Actions field of the CDM?
A. Copy, list, compare.

B. Export, Import.
C. Add, remove, duplicate.

3. Which dataset will be overwritten in a copy action?
A. Source dataset.

B. First destination dataset.

C. Second destination dataset.

9.5 Summary

In this lesson you have learned how you can use the Calibration Data Manager
and its actions to manage and edit your calibration datasets.
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10.1

10.2

10.3

10.3.1

Lesson: Data Management

Learning time: 25 minutes.

Objectives

You can use the Calibration Data Manager for managing calibration datasets. You
document your calibration task, save the results in a data exchange file, compare
different datasets and merge different datasets into a new reference dataset.

Review of the Most Important Concepts

Dataset
The values making up the characteristics, curves and maps are stored in per-
manent memory in the ECU, and accessed by the ECU processor. A set of cal-
ibration values stored in the database is called a dataset. Datasets are
versioned; a certain version corresponds to a certain calibrated behavior. Data-
sets are stored in *.hex or *.s19 files and referenced in the database. These
files are binary images of the ECU memory, and beside the calibration data
they also contain the ECU program itself.

Database Objects

Database objects are all elements of the INCA database that are listed in the
Database Objects list box. Examples are workspaces, experiments and pro-
jects.

Tasks

In this lesson you export the data you created in INCA and import them into a new
database. You learn how to manage your data within the database.

Export the Database

When exporting the database, the data as well as the folder structure are written
to afile.

To export the database to a file

1. Inthe Database Objects field of the Database Manager, select the
Tutorial folder.

2. Select Edit > Export.

3. The "Export options” dialog appears. Make sure the two check boxes are
unchecked and click OK.
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Export options

Export Path: | CAETASData\INCA  \export

Ul include referenced items

All data sets of the referenced ECU projects
Only referenced data sets

(] One file for each item

File format ||NCA 7 x64 database ~

8] 4 Cancel

4. The "Export file" dialog appears. Change the file name in the File name field
to Tutorial-copy.expb4.

5. Click Save to export the file and to return to the "Database Manager”.

Create an Empty Database

Using the skills you acquired in Lesson: Creating the Database, create a new
empty database called Tutorial-copy containing only an empty DEFAULT top
folder.

Import the Exported Database into the Empty Database

You now import the data you exported before into the empty database. The
import function automatically creates the folder structure present in the data-
base you exported from, so that you do not have to set it up before doing the
import. When setting up a database for a new ECU which is similar to an ECU you
have already used in the past you can use this mechanism to jump start your pro-
ject: import the old project and make the necessary adjustments, rather than
starting from scratch.

To import the data

1. Inthe Database Manager, select the DEFAULT folder of the Tutorial-
copy database.

2. Select Edit > Import.
The "Import Options” dialog appears.
3. Click on the following button:

(-]

A dialog window for the file selection appears.

4. Navigate to <INCA base>\ETASData\INCA7.5\Export and select the
file Tutorial-copy.exp64, which you previously created during the
export of the Tutorial database, and click on Open.

INCA V7.6 | Tutorial



10.3.4

10 Lesson: Data Management | 97

5. You get back to the "Import file" dialog. Make the following settings:

File: ‘ C\ETASData\INCA7. \Export\Tutorial-Kopie.expb4

] Replace objects with same object ID
Import in selected path of database

Keep folder structure from the export file

Cancel

» Deactive the option Replace objects with same object ID. This makes
sure that the imported objects will be inserted as copies of the original
objects, even if the original objects are part of the database.

» Activate the option Import in selected path of database. This makes
sure that the imported objects will be placed into the selected folder.

» Activate the option Keep folder structure from the export file. This
makes sure that the original folder structure will be kept, instead of pla-
cing the objects flat into one folder.

6. Click OK.

7. The Import dialog box appears. Make sure all entries in the list box are
selected and click OK.

& Import m] X

Select items to import:

0400 (Tutorial\Tutorial\Project_0400)

LambdaControl (Tutorial\Tutorial\Experiment)
OneETK (Tutorial\Tutorial\Workspace)

Scenario Editor Config (Tutorial\Tutarial\Experiment)

8. The "Import results” dialog appears, listing the items that have been impor-
ted. This dialog is for your information only; no action is required. Click OK
to return to the Database Manager.

The imported items are created in the Tutorial-copy database. The folder
structure is the same as the folder structure of the tutorial database.

Using the import and export function of the Database Manager, you cannot only
write complete databases to an export file, but also individual database objects
such as workspaces, experiments, projects and datasets. Moreover, it is possible
to reuse elements of experiments such as layers and measure and calibration
windows within the INCA database or to export and import them.

@ Note

Further information on the export and import functionality is provided in video
tutorials which you can access via the INCA help menu: ? > Video Tutorials.

Reuse Elements of Experiments

When working with INCA, it is often useful to reuse parts of your work.
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Toreuse elements of an experiment in a new experiment

1.

~N O g &

Add a new experiment to the Experiment folder in the Database Objects
list box.

Rename the new experiment into Ignition.
Select the experiment LambdaControl.

The Experiment Elements list box lists all layers as well as all measure and
calibration windows that are used in the LambdaControl experiment.

Mark the Combined Editor [3] and the Measure Window [1].

Select Copy from the context menu.

Click on the experiment Ignition.

Select Paste from the context menu in the Experiment Elements list box.

A new layer and the measure and calibration windows that you copied are
added to the experiment Ignition.

& INcA - ul
Database Edit View Options Utlities Dataset Elements ?
BUE DM BTE L L PEPH B ROHEE @
1 Database Objects 3 Experiment Elements
I DEFAULT % ==y 7|94
= & Tutorial kel L]
2 ¢J Experiment
[=! ignition
& LambdaControl
Scenario Editor Config
© Project_0400
2 ) Workspace
W OneETK <active>

=) i Layer <Layer_1>
[ Calibration Window [1]
[28 Combined Editor [3]

Experiment

2 Experiment Comment
(20.02.2020 12:40:23 63 45)

Filter none DB: [INCA 7.” database] <c\etasdata\inca7.Mdatabase\Tutorial\> User: <TUTORIAL>

Manage Database Objects

Your daily calibration work might include creating different calibration datasets
for the same calibration task, all of them being derived from the same reference
dataset. As an example, this can be the case if there are different requirements
for the European and the American markets. In this case, you can organize your
work by moving the two datasets into different folders.

To organize your datasets

1.

In the Database Objects list box, expand the tree structure of the folder
Project_0400.

Select the project 0400.

The Datasets list box list all datasets that you have created in this tutorial.
Rename the folder 0400 into EU.

Select Add top folder from the context menu of the Datasets list box.
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Rename the new top folder into US.

Mark the datasets 0410 and 0410 1 that you created in the previous
"Lesson: Managing Calibration Datasets".

Select Cut from the context menu.

Select Paste from the context menu of the folder Us.

& INcA
Database Edit View Options Utilities Dataset ?

FUH DR RTE L L PESH| DB OHEE @

1 Database Objects 3 Datasets
7 DEFAULT = ¢ U
= ¢ Tutorial 5 0400 <TUTORIAL>
=« Experiment Bi 0400_1 <TUTORIAL>
Ignition = ¢ us
LambdaControl LT 0410 <TUTORIAL>
Scenario Editor Config i 0410_1 <TUTORIAL>
= ¢ Project_0400
@ 0400

= ¢ Workspace
B OneETK <active>

(20.02.2020 12:01:01.0) Ch: 0 WP: 0410_1 (Tutorial/Project_0400/0400/US/0410_1)
4 ECU Documentation

S X
Project - 0400 |
2 Project Comment 5 Dataset Comment
ASAM-2MC file: CAETASData\INCAT \Data\Demo\0400.a2! ~ | || the source of this dataset is the hexfile:
C)\ETASData\INCA7. 1\Data\Demo\0400.nex
PROJECT NAME: Stim_buff3gh1_bypass 09.04.2019 08:16:28 770 KB

PROJECT LONGIDENTIFIER: Generated from ASCET-SD Project Stim_

HEADER VERSION: Stim_buff3.1_bypass

HEADER PROJECT_NO: ASCETSD

MOD_PAR CPU_TYPE: C167 Copied from the master. 0400. (20.02.2020 10:36:49)
v

< >

Filter none DB: [INCA 7. database] <c)\etasdata\inca7. \database\Tutorial\> User: <TUTORIAL>
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10.4 Questions

Answer the following questions to test your understanding of the subject matter
presented in this lesson.

1. Which of the following elements are stored in the file resulting from a data-
base export?
Project hardware configuration

Folder structure
Experiment window layout

Project master dataset

m o O w »

Project working dataset
F. Changes to the calibration elements

2. How can you reuse database objects within the Database Manager?
A. Drag the database object to another place.

B. Copy and paste a database object.
C. Exportandimport a database object.

3. How should a database be structured?
A. Top folder > Workspace, Experiment, Project

B. Top folder > Subfolder > database object

10.5 Summary

In this lesson you exported a database and reimported it into a new database.
Moreover you learned how to reuse database objects and elements of exper-
iments.
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1.1

1.2

1.3

11.3.1

Lesson: Settings and user profiles

Learning time: 15 minutes

Objectives
In this lesson, you customize several settings in INCA, and save them in a user
profile.

You also learn how to exchange user-specific settings with colleagues using the
import and export function.

Review of the Most Important Concepts

User profile

A user profile is a collection of settings for a certain user determining the look
and feel of the INCA user interface. A profile can be saved and loaded
between sessions. This allows users to configure the INCA user interface set-
tings to fit their requirements. Profile settings include start behavior, window
size, window arrangement, paths and many more.

Tasks

Enable the Use of User Profiles

By default the use of user profiles is disabled. To be able to use user profiles, the
use of user profiles must be enabled in the station options.

To enable the use of user profiles

1. Select Options > Station options from the "Database Manager".
The "Station options” dialog appears.
2. Click the cell to the right of the cell with the value User selection.

3. Click the same cell again.
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H station options X

Others

Option Value
User selection \&

E-mail address for the ETAS hotline inca.hotline@etas.com

User selection

OK Cancel Default

4. Alist with the options Yes and No appears. Select Yes to enable the use
of user profiles, and click OK to go back to the "Database Manager™.

11.3.2 Create a New User

A user profile is always associated with a user. You can define users in any way
you like. A user can be a person, but you can also make user profiles for groups, or
even for different tasks by the same user.

To create a new user

1. Select Options > User > Add.
2. The Enter the new user title dialog appears.

3. Inthe edit box, type Student as the name for the new user whose profile
you are creating. Note that the profile name is the name of the user; you
cannot have more than one profile for a user.

4. Click OK to create the new user profile and to go back to the "Database
Manager"”.

11.3.3 Change to the New User Profile

You can only change the profile of the current user. Therefore, before cus-
tomizing the profile, you must first change to the user you created in the pre-
vious section.

To change to the newly created user

1. Select Options > User > Change.
2. The Select the title you want to change dialog appears.

3. Allusers known to INCA are listed. Select student and click on OK to
return to the "Database Manager”.

11.3.4 Making Changes to a User Profile

When newly created, the user profile is a copy of the default user profile.
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To start the user profile editor

1. Select Options > User Options > Open.

2. The User options dialog appears. The settings in this dialog make up the
user profile.

F User options - User: <Student>

ASAM-2MC editor Limited EMU RAM 2 MCE E-Target

Dataexchange  Autostart ~ Database [ Experiment

& Hardware  HexFiles  Autocommit  Import / Export
General Calibration Session Log Path

Option Value A
Maximized Windows Yes

Allow ECU reset during HW No
initialization

Toolbar lcon Size Medium
Acoustic signals Yes
Online Dataset Check No
Online Bounds Check No

< a >
Server activation for Tool API. This is required for using
ASAM-3MC, MATLAB, and other COM applications.

oK Cancel Default

Select the tabs to get an overview of the various possibilities. In the remainder of
this section you change several of these settings as an exercise.

First, change the appearance of INCA. You change a font properties and disable
maximizing of windows so new windows you open are not automatically max-
imized. Note that all settings you make in the user profile change the appearance
of all INCA windows.

To change the appearance of INCA

1. Select the Experiment tab from the User options dialog.

2. Alist with several options appears. Click the cell to the right of the cell with
thevalue Adjust font in the variable views if the view
size is changed.

A list with the options Yes and No appears.

3. Select No.

With this setting you have defined that in standard measure windows in the
Experiment Environment, only fixed font sizes are used which do not depend
upon the window size.

4. Select the General tab.

5. Using the same method as before, change the setting for Maximized win-
dows 10 No.

Another change that could be useful if you usually calibrate calibration elements
of a certain type is to change the type of calibration editor that is used directly
after you select the element in the Variable Selection dialog. In this exercise,
you define the Table Editor as Default Calibration Editor for arithmetic values.
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To change the default calibration editor type

1.

7.
8.

Click the Experiment tab.

A list with several options appears. The entries enclosed in brackets in the
Value column indicate that there is a list with further options behind the
cell.

Click the cell to the right of the cell with the value Calibration.
Click the same cell again.

The "Change of calibration options” dialog appears with a list of general cal-
ibration options.

Click the General tab. Click the cell to the right of the cell with the value
Default Scalar Editor.

Click the same cell again.
A list with possible editors for scalars appears.

Selectcalibration Window from the list.

B change of calibration options

Calibration Scenario Editor Combined vector editor
Combined group distribution editor
Combined rescale distribution editor Combined curve editor
Combined map editar

Combined matrix editor Combined cuboid editor
General & Calibration window [ Scalar Table Editor
Option Value A
Coarse INC / DEC Factor 10
commen axis adaptation selected
Strictly increasing Yes

Calculate dependent quantized + limited

characteristics
Calibration window 2
INCA TOUCH V7.2

Calibration window

Scalar Table Editor

Default Scalar Editor

Default Vector Editor
<

Select the default editor for calib

OK Cancel Default

Every arithmetic value selected for calibration is now being displayed in a
Calibration Window.

Click OK to go back to the "User options” dialog.

Click OK to close the "User options” dialog.

Export your user profile to forward your user options to colleagues.

To export user options

1.

2
3.
4

Select Options > User Options > Export.
The "Export user settings” dialog appears.
Go to the directory <INCA base>\ ETASData\INCA7.5\Data\Demo.

In the File name field, enter INCAoptions <Name>.zip and click on
Save.

Importing User Options

You can use the user options of a colleague by using the import function.
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To import user options

1. Select Options>User Options > Import.
The "Import user settings” dialog appears.
2. Gotothedirectory <INCA base>\ ETASData\INCA7.5\Data\Demo.

3. Selectthe INCAoptions <Name>.zip file and click on Open.

INCA V7.6 | Tutorial



11.4 Questions
Answer the following questions to test your understanding of the subject matter
presented in this lesson.

1. Anentry enclosed in brackets (< >) in an option table means there is no
value assigned to the setting.
A. True

B. False

2. When creating a new user profile all settings are empty.
A True

B. False

3. Arrange the following steps in the correct order:
A. Change to anew user

Turn on the One file for each item setting
Click the "Export Import” tab

Save the user profile

m O O w

Enable the use of user profiles
F. Create anew user

4. How many user profiles can you define?
AT

B. 2
C. Many

5. How many user profiles can you define for one user?
A1
B. 2

C. Many

11.5 Summary

You created a new user and created a profile for this user. You imported user
options of a colleague. You familiarized yourself with the various user options you
can use for customization. You customized the profile by changing the appear-
ance of INCA and changing the default calibration editor for arithmetic values.
You saved and exported your user profile.



12 Answers

12.1 Lesson: Creating the Database

1. False
2. BCA

12.2 Lesson: Setting Up a Workspace

1. True
2. ADE

3. A = Hardware Configuration Editor
B = Hardware Configuration Editor
C = Hardware Configuration Editor
D = Database Manager
E = Database Manager

12.3 Lesson: Setting Up an Experiment

1. False
2. True

3. False

12.4 Lesson: Measuring

1. Many
A
False
False
B

ok~ wn

12.5 Lesson: Calibration
1. Many
2. A
3. Many
A

. None

12.6 Lesson: Managing Calibration Datasets

1. BCE
2. A
3. BC



12.7 Lesson: Data Management

1. AB,CDEF
2. B
3. B

12.8 Lesson: Settings and User Profiles

1. False
2. False

3. Steps should be in the following order:
Enable the use of user profiles>
Create a new user>
Change to a new user>
Click the "Export Import” tab>
Turn on the One file for each item setting>
Save the user profile

4. Many
5 A
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Further Reading

Unless otherwise stated, the following additional documents are provided with
the basic INCA installation and can be found in one of the INCA folders Manuals
or Help. Further documents might be provided with INCA add-on products.

Documentation for Standard Users

— INCA Help (available through INCA )
— INCA Getting Started
— INCA Video Tutorials?

Documentation for Special Use Cases

— Serial (X)ETK Calibration Concepts — Limited Emulation RAM
— Serial Calibration with InCircuit2

Documentation for Tool Integration

— INCA ASAM-ASAP3 Interface
— INCA ASAM-MCD-3MC V1.0.1 Interface

— INCA Tool-API Documentation (help)
cebra\INCA Tool-API Documentation.chm?

Documentation for Suppliers

— ECU Document Interface (EDI) for INCA (PDF)%)

Specifications

— CVX (Calibration Values Exchange)®
— CDF (Calibration Data Format) ©)

The INCA Help is automatically installed together with INCA and can be accessed via the INCA?
menu or by pushing F1.

The INCA video tutorials can be installed together with INCA (optional) or viewed in the ETAS
YouTube channel. You can access an overview and the videos themselves via the INCA? menu.

The Tool APl documentation is automatically installed together with the Tool APl component and
can be accessed by double-clicking the help file.

This document can be obtained from the ETAS download center (type: technical doc-
umentation).

This document can be obtained from the ETAS download center (type: specification).

The CDF specification is available for download on the web pages of the ASAM Association for
Standardization of Automation and Measuring Systems under www.asam.net.
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Contact Information

Technical Support

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:

www.etas.com/hotlines

ETAS offers trainings for its products:

www.etas.com/academy

ETAS Headquarters

ETAS GmbH
Borsigstral3e 24 Phone: +49711 3423-0
70469 Stuttgart Fax: +49711 3423-2106

Germany Internet: www.etas.com



https://www.etas.com/hotlines
http://www.etas.com/academy
https://www.etas.com/

15 List of Abbreviations

This manual uses the following abbreviations:

AUTOSAR - AUTomotive Open System ARchitecture

ASAM-MCD - Association for Standardisation of Automation and Meas-
uring Systems (Measurement, Calibration and Diagnosis)

CAN - Bus System for Data Communication (Controller Area Network)
CCP - CAN Calibration Protocol, standard protocol based on MCD-1a
CDM - Calibration Data Manager

DB - Database

DBM - Database Manager

ECU - Electronic Control Unit

EE - Experiment Environment

ETK - Emulator-Tastkopf (emulator test probe)

EXP - Experiment

FIBEX - Field Bus Exchange

HWC - Hardware Configuration

INCA - INtegrated Calibration and Acquisition Systems

MDA - Measure Data Analyzer

MDF - Measurement Data Format

RP - Reference Page

WP - Working Page

WS - Work Space

XCP - eXtended Calibration Protocol
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