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1 Introduction

1.1  Challenges in ECU calibration

In ECU development, short innovation cycles and high cost pressure lead to a distribution of work, in which the software
development process is separate from the process of adapting it to its desired behavior in the vehicle. In today's vehicles, tens
of thousands of calibration data values must be determined and managed for each individual vehicle variant. To avoid errors,
quality standards are needed for calibration data similar to those used in the development of the embedded software.

rJ

Figure 1: Is your calibration process a puzzle game?

In the functional development of ECU software, high quality standards (SPICE, CMMI) must be maintained. The correct
parameterization of the ECUs is as crucial as the correct functionality of the software in the ECU. Consequently, modifying
parameters must meet the same quality levels. It is essential for process adherence, legal compliance and quality assurance to
trace calibrations precisely and to ensure consistent parameterization of every conceivable variant.

The trend toward shorter innovation cycles and more stringent requirements for quality and efficiency make it essential to
achieve a higher degree of reusability. It must be possible to reuse the software in many models and vehicle variants. Each
variant of an ECU leads to a separate parameter set, and this increases the number of parameter sets substantially.

Today, some 80,000 parameters must be calibrated in the ECUs of a diesel engine that conforms to the Euro-6 emissions
standard. Although ECUs in the chassis and car body areas involve fewer parameters, they typically exhibit higher numbers of
variants, and this also requires a dedicated data management solution.

In summary, OEMs and their Tier-1 suppliers must generate and manage thousands of parameter set files. The use of a special-
purpose data management solution offers significant support in the complex process of managing calibration data. It
guarantees that the thousands of parameters are used in the correct variants in precisely defined combinations for hundreds
of vehicle calibrations. At the same time, each change must be precisely traceable for quality assurance purposes.

Such a clearly defined approach creates process reliability and increases data quality. The original files of the engineers who
maintain their work results in a Calibration Data Management (CDM) system are subject to version management. This means
that the user can tell immediately which parameter sets have flowed into a specific variant and where they are being reused.
This assures automatic updating of a new parameterization version in all relevant variants.

Within the project, a quality and maturity level model help in documenting changes for data integration and monitoring the
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progress of the project. The CDM system takes a multi-stage approach to data integration. After all results from the
calibration engineers have been delivered into the system, it is able to resolve conflicts due to faulty or duplicate
parameterization by means of assigned parameter responsibilities and rules. The results can then be validated by the four-eye
principle -or- by defined rules and checked for completeness. Only then is the data ready for consolidation for the next data
revision level and release for the next phase. This also facilitates cooperation with development partners, and it assures access
to correct data in different competency areas.

1.2 The vCDM Solution

vCDM provides a scalable solution that delivers high productivity for individual calibration engineers, small teams or the
complete enterprise. vCDMstudio is a powerful workbench for calibration data. It includes data set management for local files
and can easily be used with all other tools for calibration. Option v€CDM can be used with Vector CANape, or with single user
vCDMstudio to connect the local data set management with the multi-user vCDM database. v€EDMcenter is used by data set
managers to create and configure calibration projects in the vCDM server. It can also be used by calibration engineers to use
calibration projects and contribute calibration changes.

vCDMcenter

Enterprise Solution

al ' A » Roles / Rights

» Processes

Option vCDM
for CANape &
vCDMstudio

Team Solution
» Sharing

- » Workflows

vCDMstudio

- Workplace Solution
L _ » Individual productivity
— Iy » Fast introduction

Figure 2: vCDM - A scalable solution for Calibration Data Management
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Capability / Product - Matrix

vCDMweb

vCDMstudio

Option vCDM
(CANape & vCDMstudio)

vCDM

vCDMcenter

Target user profiles

Consumer of
calibrations,

Calibration
engineers with

Calibration engineers with
multi-user, central data

Calibration engineers,
Calibration managers

i.e. Testbench local data mngt management
Reporting and analysis on calibration and maturity Vv Vv V) Vv
Variant data set management and rich meta data download local files database database
only
Multi-column edit, copy, compare of calibrations files Vv V) Vv
Import/Export of arbitrary calibration formats Vv v Vv
Calibration check and compute rules local files database & flow control database & flow control

Tracking of changes using the history

only quality data

quality & values

quality & values

Collaborative work on shared data sets Vv
Detection and resolution of conflicts v Vv
Creation of shared data sets Vv Vv
Creation of vCDM projects using only Vv
Multi-user roles & rights using only Vv
Working packages and parameter permissions using only Vv
Automatic variant management using only Vv
Version management for software and data sets using only v
v

Migration of calibration to new software (A2L)

Figure 3: Capabilities/Product — Matrix

(*) provided by base product CANape or vCDMstudio
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2 Acadlibrators workbench - vCDMstudio

gl COM Studio..
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Figure 4: vCDMstudio lets you manage the extensive parameter sets of your ECUs easily and with full traceability

2.1 Excel for automotive calibration data

vCDM

Its ease-of-use led to a wide adoption of Microsoft Excel — even for automotive calibration data. However — for application in
automotive use-cases Microsoft Excel has significant disadvantages. It does not support typical automotive data formats and

has no decent editors for maps and curves - to name just a few.

vCDMstudio brings the benefits of Excel to the domain of automotive calibration data. A parameter set contains the values
of parameters that are specified in the ECU description file (A2L). vCDMstudio manages these parameter sets and supports
all typical file formats. vCDMstudio offers the following functionality:

> Load, visualize and edit parameter sets from symbolic, address-independent parameter set files or from binary files. This
makes their processing independent of the ECU program revision level at which the file was generated.

> Simultaneous loading of multiple parameter set files from your calibration process. Because standard formats are used,
you can edit parameter files from various tools on the market (CANape, ETAS INCA, ATI Vision).

> User-friendly interface for displaying and editing parameter set files with suitable controls (maps, curves)

> Configurable display of meta-information (Unit, Address, Quality, etc.)

> Execution of various editing steps via an automation interface

> Interpolation is performed when copying characteristic curves and maps with different numbers of interpolation points

> Graphic representation of characteristic curves and maps to efficiently compare differences

> Clever filter mechanisms for defining individual views of parameter sets give users a better comprehensive view

> Generate reports in different formats, e.g. MS Excel format or HTML

> Export and import configurations
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Figure 5: Edit parameters in vCDMstudio

Supported File Formats

> DCM, PAR, KON, CSV, CVX, PaCo, CDF2.0. In the XML-based PaCo and CDF formats, additional meta-information can
be stored for each parameter value, e.g. maturity level, value history, author, date and comments

> To reintroduce parameter values back to the development process, vCDMstudio also saves the data as an M-script for
model-based development and as code files in C, Hex and ASM formats. Here you can use templates to control exactly
what the files should contain.

> Modification of flashable binary files from parameter sets in Intel-Hex and Motorola-S formats

2.2 Add extra functionality with Plug-in Apps

vCDMstudio provides application programming interfaces (API) to create your own plug-in Apps. Instead of developing your
own tool for the application task from scratch, you can use the powerful functions already contained in vCDMstudio (e.g.
parsing the A2L file or writing CDF2.0 files). You only need to implement your own requirements based on this.

Your advantages:
> Integrated, powerful C # development environment to implement your requirements
> Access to standard automotive software functions (read A2L, write CDF)
> Concentrate on solving your actual tasks

The following chapter introduce Apps that come with the base product.

2.3 Ensuring compliance with calibration check rules (Parameter Rule App)

Software algorithms monitor and control essential functions for safety and emissions. Incorrect calibration or configuration
can easily result in critical failures or violate legal requirements. This may result in damaged reputation or expensive fines.
Consequently, monitoring functional safety and compliance to legal requirements became increasingly important for all
engineering domains and calibration data.

A best-practice approach is to capture rules that are used to verify correctness or plausibility of current calibrations. A
calibration tooling that supports rule creation and parameter validation throughout the process provides great value to achieve
this goal.

The vCDM CSERP Rules (Check for Safety and Emission Relevant Parameters) provide an easy-to-use, domain-specific set of
rules that can used by calibration engineers to compile rule sets for validation. The CSERP rules provide checks for ranges,
gradients, enveloping curves and many more. Logical operators and conditional expressions can be used to formulate complex
rules — all without programming skills required. Rulesets can be combined and re-used.

With programming skills it is even possible to extend the rules by scripting.
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Figure 6: vCDM Ruleset Editor

vCDM offers various check points to validate the current calibrations against such ruleset and log results. One possibility for
this is the vCDMstudio Parameter Rule App. Its deployment in vCDMstudio enables using rules even without a complete vCDM

solution in the backend - just for local files.

s Vector vCDMstudio

ﬁ % @ Xml export % o Export matches

Open  Execute 0 Homl export Show log in B Import matches
ruleset VCDMstudio | & Refresh
Files ' Add Rules Result Handling Conditions
Parameter File Condition Condition type vCDM_demo.Hex Parameter Rule type Source of rules User hint Condition
VCDMdemo.Hex IsDiesel 'vCDM.array Eleme... VCDM.array.Element[0]  $ECheck ranges: 10.20 Webinar.xml Check EGR {IsDiesel}
Engine21 User set O vCDM.axis.X_CU_AXIS_xU... gl Check monotony: X-Axis: Strict increasing Webinar.xml {Engine.2.1}
vCDM.axis.Y_CU_AXIS_xU... ”Check gradient: 1, X-Axis Webinar.xml|
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vCDM.LUT2D_1_z_table sl Check monotony: X-Axis: Strict increasing ‘Webinar.xml
Source of rules
V| Webinarxml %
Parameter Message Severity Rule type Source of rules Source file
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Figure 7: vCDMstudio Ruleset Add
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2.4 Function Inhibition Matrix (FIM App)

The FIM-Editor (Function-Inhibition-Matrix) supports Onboard Diagnostic (OBD) calibration engineers in configuring the ECU
behavior on diagnostic events. This is a daunting task with a standard calibration tool when an engineer has only the A2L file
available. Often it is even impossible because the ECU FIM is implemented in a way that does not expose its behavior in an A2L

description.

The FIM editor App presents a domain-specific view on the current HEX/A2L and displays directly the relation of diagnostic
events to software functions. Closely related to the function inhibits is the configuration of properties for the diagnostic event.
The App enables users to configure the DEM (Diagnostic Event Manager).

The editor is only available for selected ECU architectures.

[} - 0O X
View Export Data
= iy = ) = = = ey
B & @ (@ e 8§ L@ = = 5] B
Limit display DFC/FID  Configure Display Search Set compare reference Switch Switch to Display only Display only FIDs with Display only DFCs with Display Filter Filter Panel
options Options properties responsibilities parameter set row/column  signal quality differences active inhibition active inhibition minimum matrix  favorites Layout ~
Options Configuration Search View Filter Layout = o]
MG1C5002.hex X||
il Ie
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El.|£ H 3 3 g = g 5 i z
| 2N EB e o x 9 ] 2 2 = 2 H H
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2 |E |8 |¢ (€ | |& [E | = = = ] = = =
T b 2 [ - S < A (L e S S S S S S o
o 2 - - - -] o ° o < o < o < [*] [*]
2 (5 |8 |8 (8 |9 |5 [B |=< < < < < < = <
o|le |2 e & (& (& | E £ | | | | 1 | 1
N 9 7 2 I ] I3 a L} S = = = = = = = =
DFC « &|lu (8 & 80 |6 0 |2 |0 K ™ ™ = T [ ) iy
» DFC_ACClaDesMax_CA 4 1208 R |0%3% 0xD 0x15 Ox1 -
DFC_ACCIaDesMin_CA 4 |2 |* Ox3F 0 6553 0xD 0x15 Ox1
DFC_ACClaDesSig_CA 4|12 |2 Ox3F 2000 6553 0x57 0x10 Ox1
DFC_ACCIBrkErr_CA 4 2 |11 Ox3F 6553 6553 0xD 0x10 Ox1 Def100_Deb100
DFC_ACCIBrkNPL_CA g2 |* Ox3F 700 6553 0xD 0x10 Ox1 Def100_Deb100
DFC_ACCIDevBrkMxNeg_CA 4 |2 |1 0x3F 0x15 0x15 Ox1
DFC_ACCIDevBrkMxPos_CA 4 |2 |1 Ox3F 2500 6553 0x15 0x15 Ox1
DFC_ACCIIrvShOffDoorErr_CA 2|2 |z Ox3F 500 6553 0xD 0x29 Ox1
DFC_ACCIIrvShOffMaxErr_CA 3|2 |2 OxFF 0 6553 0xD 0x15 Ox1
DFC_ACCIIrvShOffSigErr_CA 2 |2 |% OxFF 0 6553 0xD 0x15 Ox1
DFC_ACCINotPlaus_CA 3 |2 |1 Ox3F 0xD 0x10 Ox1
DFC_ACCISensErr_CA 3 2 |11 Ox3F 6553 6553 0xD 0x10 Ox1
DFC_ACCISigErr_CA 2 |2 |% Ox3F 0xD 0x10 Ox1
DFC_ACCIWrongCoded_CA 8 |2 |2 Ox3F 250 6553 0x16 0x10 Ox1
DFC_ACCIWrongCodedSIG_CA 5 |2 |2 Ox3F 250 6553 0xD 0x12 Ox1
DFC_Airbg_CA 2 |2 |11 |Ox3E 0x16 0x15 Ox1
DFC_AirbgCrCtiDisbl_CA 5 |2 |o 0x3E 0x16 0x12 Ox1 Def100_Deb100 Def100_Deb100
DFC_AirbgFCO_CA 3 (2 |0 0x3E 0x16 0x10 Ox1
DFC_AirbgWrngCod_CA 2 |2 |2 OxFF 0x16 0x32 0x0
DFC_AirCClgDemSig_CA 2 |2 |2 0x3F 0xD 0x10 Ox1
DFC_AirCCIntPdcycSRCMax_CA 4 |2 |11 |OXFF 0x53 0x10 Ox0
DFC_AirCCintPdcycSRCMin_CA 4 |2 |11 |OFF 0x53 0x10 Ox0
DFC_AirCCintPPerSRCMax_CA 3 |2 |11 |OXFF 0x53 0x10 Ox0 =
‘ »
FIDFilter || DFCFilter
\—‘g ‘ Legend of displayed colors  Modified 5| Missing

Figure 8: FIM-Editor enables the configuration inhibitions for selected functions based on diagnostic events
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2.5 Connecting 3"-party calibration tools (INCA App)

Customers use different tools for online measurement and calibration. Besides standard applications like Vector CANape many
proprietary tools from OEMs or ECU suppliers are used in the industry. Managing offline calibration data with a powerful
calibration workbench such as vCDMstudio is an important step and the rich functionality is rarely provided by such proprietary
tools. Hence many users want to use vCDMstudio together with their own online tools.

vCDMstudio provides a Plugin App to connect to ETAS INCA

— ] - 0 X
General Dataset project vCOM INCA 0
B Get more datasets % Merge in confiict resolution view
| F; Get datasets Upload Get latest
) changes state
| Datasets Synchronisation 124
lv|[ Find || Qear | (B INCA V7.3.0 Build 502
e
t IO 1o taset Changes Database Edit View Options Utilities Dataset ?
e- New Project_18 G = E= $ B oN
s R BOUH rR X RTw 2 PEIeH D@ R
@a vCDMDemo 1 Database Objects 3 Datasets
'a: @ (J Example for A2L incl. ECL ||| & {Z] vCDM_demo

W) Example for Different Vari

— Bedl vCDM_demo <vismvi>

d Example for Diverse Instrt
@ (J Example for Grouped ECL
d Examples for Database Sti
() Examples for Monitering
() TESTCASE
& ¢ vCDMDemo

® vCDMDemo

Code Segment | Not available, because no code segments are defined.

ReadOnly

Name

| False
vCDM_demo

Driver type
Comment

(02.12.2020 09:30:07.0) Ch: 0
4 ECU Documentation

aﬁax

EPK address

TS

<

v

Project - vCDMDemo

| Message
Writing ECU information to path D:\TEMP'

Icon T Time stamp
2020-12-02709:45:51

2 Project Comment 5 Dataset Comment

ASAM-2MC file: C:\Users\vit the source of this dataset is the hexfile:
C:\Users\vismvl\Desktop\DemoData\vCDMDemo\vCDM_demo.Hex

PROJECT NAME: vCDM_den 22,08.2019 09:25:13 159 KB

PROJECT LONGIDENTIFIER:
Created hexfile: D:\TEMP\TempFilesFromInca\vCDMDemo\vCDM_demo
by: vismvl
Created hexfile: D:\TEMP\TempFilesFrominca\vCDMDemo\vCDM_demo
by: vismvl

< >

L Filter: none DB: [INCA 7 x64 <d:\etasd: a7.1\ DB> User: <vismvi>

C:\Users\vismv\Documents\COMDST\New Project_18\New Project_18.DSPX

Figure 9: vCDMstudio with standard interface to ETAS INCA
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2.6 Data set Management on the local PC (Data set Management App)

Besides its capabilities to work with calibration data v€CDMstudio offers built-in calibration data set management. Managing
multiple data sets becomes particularly important should you need to deal with calibration variants or software versions.

You can manage multiple local data sets (A2L/HEX) in one data set project. The data set project is stored in a folder
structure in the local file system of the desktop PC. Groups of data sets can be managed as one.

o - o x

General | Datasetproject ~ vCDM  INCA (7]

E B & @ @&

New dataset New dataset Delete New dataset
with A2L dataset A2 d

CDM Views ~

Driver type ~
Comment | Created: 2020-11-30 10:21:33

C:\Users\vismvi\Documents\CDMDST\CANOE\vCDMDemo\vCDMDemo.a2l

C:\Users\vismvi\Documents\CDMDST\CANOE\46d5a34357d14565a11e9e3739b777c8_CHFE.CHFX
| vCDM_demo.Hex
C\Users\vismvi\Documents\CDMDST\CANOE\vCDMDemo\46d5a34357d14565a11e9e3739b777c8\vCDM_demo.Hex
Physical Values File | C\Users\vismvi\Documents\CDMDST\CANOE\WCDMDemo\46d5a34357d14565a1 1e9e3739b777c8\vCDM_demo.bin

Icon Time stamp Level Message

s\vismvl\Documents\COMDST\CANOE \CANOE.DSPX

Figure 10: Data set management in vCDMstudio

In large calibration projects many calibrations engineers contribute to the overall result. Local data set management cannot
deliver the necessary process support to achieve quality. Multi-user access, parameter permissions and versioning is required.
With the product Option vCDM it is possible to connect CANape or vCDMstudio to the central vCDM database. Calibration
engineers can now deliver quality results. vCDMcenter can be used by calibration project managers or data set integrators to
create calibration projects and configure the workflow.
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2.7 Advantages vCDMstudio
> Easy copy and merge of parameter set files
> Simultaneous comparison of multiple parameter set files
> Filter functions to select parameters for processing
> Supports all commonly used data formats, including CDF 2.0, DCM, Intel hex, Motorola-S, PAR and PaCo
> Saving of parameter set files as M script or code files (in C or hex format)
> Generate various reports, including MS Excel format
> Automation interface for merging, exporting and comparing parameter set files
> Plugin App concept to create your custom applications
> Integrated data set management
[=2" 4 Window. Vector vCDMstudio - 8 X
Start Parameter Filter Advanced Copy Check View vCDM Main ~ @‘
&, (@ Paste Quality Data EE [#8 Copy Selected From...
a H & Ba 8 B
aste Original Value [#8 Copy Al From...
Copy Paste Undo Redo Copy Copy Copy Select  Search
Selected Filtered All Next Entry
Edit Active Parameter Set Navigation
Parameter Al | gveZRQx | EEEAX | EEEAX | EEaENX | 8= E s E X B ox
&5 7 Dapeyname vave | @ e 1@l veke vae | @ vee - [roooooo] + | /[2 ] =] [oooo0 [ehviissa ]
19.19] W o B g B g 919 -1 !
Lo vCDM.airmass_x_table 3] 3] 3] 3] mj [ ‘00000000 L — T e R R, — )
0~ vCDM.array.Element{0] 3.000000 3.000000 3.000000 3.000000 . S Sens — - ] D n—- .
S smme——T e sors—Temn—Tosar—Tosar—Temo—Tesrs—T oo
A0~ VCOM.armay.Element(1] 7.000000 8.000000 4000000 4000000 . ——— o e oy o — oy 0 e
0~ vCDM.array.Element(2] 7.000000 7.000000 7.000000 7.000000 Semmey L] S5 S e L . . o .
Som— oo Toms—Tess—om—ems—Teme—Tom—Tosa—one
0— vCDM.array.Element(3] 5.500000 5.500000 5.500000 5.500000 o e e e o o, o . o —
B oo e o 200000 200000 200000 s I I e s
‘ ST o —Tiow—Tows—Tews—Teon—Toan—Tove—Toom
Luw VCDM.axis X_AXIS XU16 51 8] 8] B 0] Grarsan ) =) S usi ) [T o a0 S
2 vCDM.axis.X_CU_AXIS xU16_wU8 B] B 5] 151 151 ) ) G G et s Gron =] GorE Gae
I oMY CULAS AU1G w0 @ “ e @ @ o — T — — O e— T — 1 — 7 —— )
0~ vCDM.BOOLEAN.FW_wU8 1 1 1 1 1 Qaseasen 000000 [ 082500 0875 == == a8a7s 8250 081
0— VCDM.BOOLEAN.FW_wUS_VTab TRUE TRUE TRUE TRUE TRUE e — e — o : e i S e e
I vCOM.curve FKL xFIX w8 0] [C] [C] 0] 0] e ) Tus =0 = amn =0 = = T
- iatacprie o o . bl 51 Tl oo
k& vCDM.curve KL xU8_wUS 10} [10] no) oy o] 1000000 00000 a0 =0 020563 0290 025688 ose 0.19831 0.10158
0— vCDM.Dependent.Base.FW_wU16 17 17 17 17 7
0~ vCDM.DummyAirMass -0.004882813 -0.004882813 < > \Phys (Dec) Hex) Bin), ASCI/ |< >
0— vCDMSfKd_1 3 x
— B O 372 “[oo0o00 | & [Phy(0.1992) |
i 1.000000 1.000000
- 3.000000 3.000000
| 0.09997559 0.09997559
0~ vCDMSf Kp_2 0.2999878 0.2999878
0~ vCDM Frequency
0— VCDM.inj_offset
0 vCDM.inv_c_kumsr 920.8750 920.8750 920.8750 920.8750 920.8750
Lo VCDM.LUTID_1 x_table 21 1 21 21 21
k& vCDMLLUTID_1 z table jril] 21 21 21 21
[ 10} oy oy oy ]
Lo VCDM.LUT2D_1_y table Bl 3] 3] Bl Bl
& vCDM.LUT2D_1_z table 03] 110.3] 03] 10.3] 3]
& VCDM.MATRIX_DIM341_ws8 B4 34 B4 B4 B4
0~ vCDM.Omega Y Y
Lo vCDM.omega x_table 18 ney ney ne) ey (18
& vCDM.opt_ing_angle_z_table ng13) ne3) ne3) ne3) g3 1813]
L. VCDMRec2Sine x_table [} 9 9 [} 19 19) = i R
I VCDM.Rec2Sine z_table 19 09 0ol [i5] it 19 o - o I i ..
0 vCDM.scalar.FW_wU16 04150517 04150517 04150517 04150517 04150517 04150517 g‘ :: - — .i':: b . =
0— VCDM Select_param _set 1 1 1 1 1 1 £ 2o 7] e B Seme] v =
# oo L
0~ vCDM.SelectColumn 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 05000000 E ot ] - 7 o | - ks
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0

Figure 11: vCDMstudio - Easy like MS Excel, but designed for automotive calibration data
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3 Collaboration for success — Option vCDM

ECU calibration is largely teamwork. These teams frequently consist of members from different companies (automotive OEMs,
ECU suppliers and engineering service providers). With increasing globalization and specialization, efficient co-working of
calibration teams is continually growing in importance. It must be possible to distribute work results quickly. Networking via e-
mail and Internet is helpful - however - a lot of manual work steps are often required to exchange data between different
systems. This is a process that is time-consuming and prone to errors. The vCDM data management system now gives teams
the ability to automatically distribute the information. Integration of the e-mail system informs all participants about data
changes, new releases and software changes. This guarantees that the teams are working with identical data in a timely
manner.

Just as important as automated distribution is the availability of data at work sites with difficult network connections. Ideally,
an engineer should be able to “check out" a calibration project from the central database on a laptop, so that it is available in
the local network for shared access.

A solution for data management is closely linked to the tool chain for developing electronic systems. Changes to the calibration
data have a direct relationship to requirements management systems, change management systems and many other ALM
applications (ALM: Application Lifecycle Management). Efficient CDM systems exhibit high flexibility and can be integrated in
existing systems via automation interfaces, APls (Application Programming Interfaces) or Web services. An integration with
OSLC (Open Services for Lifecycle Collaboration), for instance, makes it possible to implement universal traceability of
changes.

The vCDM system has specific capabilities when it is used across different automotive domains. That is because the work
procedures for calibrating a chassis controller differ noticeably from those for an engine controller. The different requirements
of the domain and the business organization result in different methodologies. When introducing calibration data
management, it is important to represent the different workflows of the technical departments as closely as possible, instead
of prescribing a “standard process”.

Share
datasets

Direct from Collaborate
in team

Identify and
resolve
conflicts

Data always
up to date

No
administration
overhead

Upgrade to
vCDM

Figure 12: Collaboration within the team for calibrating ECUs
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3.1 Integration of Desktop and Cloud

Users will work with CANape's data set management. Any data sets can easily be shared with other users. Invited colleagues
can subsequently download these data sets directly onto CANape.

Changes to parameters can be send to vCDM over the network.

Conflicts which arise from simultaneous changes to the same parameter will be displayed immediately and resolved by the
user. You can see who made changes to individual parameters and when.

3.1.1 Sharing Data Sets

The user has created one or several data sets and has perhaps already set parameters. Until now the data has only been saved
on the user's PC and now needs to be shared and saved. To do this, the user selects “"Share data sets" from the ribbon.

J BEH®9 -B - v ~ Vector CANape ~ Window - 0 x
Start Display Devices Calibration vCDM Analysis Tools Map/Curve ~ @
ﬁ i Ge % Connect to server
& About vCDM
Share
datasets
| Datasets Synchronisation Advanced
|| Share datasets | B ox

Uploads the current project as a new vCDM project

A ’ﬁv ™ THVED 5)lx| G 3Hle
¢ Acti... MName Comment Acti...  Name Comment
= [ &g & vCDMabs sin... (@ g & vCOMsinp2 c...
B Explorer Search result
s = O 7 2 o = N 7 ER

» {%) Global variables —
4 4 vCDM_demaVl
b [ vCOM_demoVi.al
D User-defined filters
4 h_.l Datasets (vCDM_demoVl)
a @ vCDM_demoV1
a 3 EU
4 T3 120kW
El VARL_SW1 Rev
4 O 140kW
» B VARZ_SWI1_Revl

m

0.6981 o 4 0.69445

Figure 13: Quick sharing of data directly from the CANape interface

Following this, the data sets and the names of colleagues, with whom data is to be shared, are selected. These data sets are
then loaded onto the server and are available to invited colleagues. The server can be in your business network or you can make
use of the benefits of the Vector Cloud solution.

Shared data sets are marked with a special icon in CANape. The user can see immediately that the data set is available on
their PC as well as on the server.

3.1.2 Loading Data Sets in CANape

CANape users can very easily access shared sets. Instead of manually creating a new record for A2L and HEX files in CANape,
with just a few clicks a device can be loaded from the server along with its A2L and data set onto the user’'s PC and then be
made available for editing.

F BEHe-1 -m-F-e- v
1B - Start Display Devices Calibration vCDM Analysis
B 23 ey -
Device Mew New From | New Vector Vector
Configuration  Device Database [framz Hardware VX
New & e Interfaces
Tyrmbod Bsplorer 25 vCoM T ox

|L3 Al & McD3 =
@ 1 % Another Project =

Figure 14: Simple loading of a shared data set in CANape
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3.1.3 Exchanging Changed Parameter Values

Data sets that have been shared can be edited by several users. In addition to this, each adjustment procedure can only be
seen on your local PC. Your own work results can be transferred to the server by selecting "Upload changes” from the menu.
With "View current status” you can load colleagues' latest work results onto your own PC.

| f BEH®-9 -B~ §F - ¥ Vector CANape ~ Window
1B - Start Display Devices Calibration viCDM Analysis Tools Map/Curve
B Get more datasets Bb‘ m @ Merge in conflict resolution view % Logout / reconnect #y About vCDM
Server histol ﬁ Settings
Upload Get latest % ¥ .
& Invite users changes  state ¥ Delete from server
Datasets Synchronisation Advanced
T of Exiglcest | Upload changes
Send changes back to the vCDM system
’ 3 an * "_,'J" B Rt I=HES
. = Mame Comment Unit Calibratio
h B COMsnpZ c.. % 0349

[ Explarer Search result

Mame/type
4 [ Devices

¥

2 [-)0os 3 |Pry 17997

» (=) Global variables 10 03413 | 0.6426 | 0.866
4 154l vCDM_demoVl {0 03286 | 06177 08323
b E:‘:D’\‘Lﬁ?m:ﬁ'az' i 0 029 | 05449 07344
B[ ser-defined filters
2 0 0.2288 | 0.4299 | 05793
4 gl Datasets (vCDM_demoVl) |
« [ vCDM_demovi 0 0.1499 | 0.2817 | 0.3796
« O EU k 4 0 0.0593 | 0.1116 | 0.1501
4 C3 120kW 10 4 -0.05 | -0.0671|-0.0903 || 04 5
¥ VARL SW1_Revd 10 01279 | 02407 03242 | © e
- = 1
4 3 140KW 0 -0.2104 | -0.3955 | -0.533 S
b &7 VAR2 SW1_Revd 0 -0.2766|-0.52 | -0.7004 oy 31'416
4 [3US 0 -0.3213|-0.604 |-0.8137 qaes
4 3 120kW - .
0 -0.3411 | -0.6411 -0.8638 aF
b B VARZ_SW1_Revd - me e e | bop, 060485 : =
4 3 140kW L b My , 622 &

Figure 15: CANape changes and upload changes

3.1.4 Sharing of Parameter Sets

Changes are shared between vCDM projects as parameter set files. These changes are often imported into several vCDM data
sets. If work packages are defined in vCDM, CANape not only exports the changed parameters to the exchange file, it also fills
the entire work package.

Filters: Sh I dified
ilters: |E3 Show only modifie 1_. Datasets

Name Type Value State Calibration State | Calibration Remark  Function = = = =
g g g g
@ = = 5 ]
/| @ vCoM.abs_sinp2_cosp2._table Map [s,19] Changed prefmCalibrated VCDM_Tables: f % % % %
/] @ vCOM.MATRIX_DIM341 wS8 Map [3,4 Changed calibrated vCDM_Array E‘ g\ El E:'I
E E E E
FormmT [ [

Figure 16: Data exchange by means of files

3.1.5 Handling Parameter Conflicts

If the same parameter is adjusted at the same time, CANape displays a conflict when synchronizing the shared data set. These
conflicts can be displayed by selecting “Merge in resolve conflict view" from the menu and can be resolved by selecting the
correct value.
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By Merge conflicts

Merge conflicts
¥ There are changes both locally and remote that interferes with esch other. Please revisw them and chonse to sfther use your, orthe other valuss

| ) Use others’ changes @ Use my changes ? Resolve conflict later Display mode ~ L Upload changes if finished
Parameter My changes Others' changes Iritial value Parameter Info
Parameter Value Status Value Modified by Modification date Initial value Function Version
i
3 .. VCDM.sinp2_cosp2_table | [19,19] 9 Conflict 2017-11-08 13:33:44 | [19,19] vCDM _Tables2D  1.11
Value * | Properties
0.01236 0 0.29004 0.54492 0.73438 0.83496 0.83496 0.73438 0.54452 0.25004 =
0.027771] 0 0.22876 0.42993 0.57935 0.65894 0.65894 0.57935 0.42993 0.22876
0.049377| 0 0.1493 0.28174 0.37964 0.43164 0.43164 0.37364 0.28174 0.1499 ‘ ‘
0.077148| ] 0.059326 0.11157 0.15015 0.1709 0.1709 0.15015 0.11157 0.059326
0.11111 0 -0.06713% -0.090332 -0.10278 -0.10278 -0.050332| -0.067139| -0.035645
0.15125 0 -0.12793 -0.24072 -0.32422 -0.3689 -0.3689 -0.32422 -0.24072 -0.12793
0.19754) 0 -0.21045 -0.39551 -0.53296 -0.6062 -0.6062 -0.53296 -0.38551 -0.21045 -
. »
[] Show parameter values with full precision
Not all conflicts have been solved yet, there are 1 remaining. Please review your changes
[ ok | [ Cowel |[@ beo

Figure 17: Resolving parameter conflicts is made easy through the clear presentation of different values

3.1.6 Changes History on the Server

vCDM

The server records any change to a parameter and displays it in the Change History. This means that every team member

knows which parameters have been changed by which colleagues and at what time.

Ak Name Commert Unt Calibration poirt  Working poi
@ B SvCOManp2 c. X 20944 Y. 0, —
= 7 R )

[

. 5 oo
L oh R o®

¥CDM sinp2..

|-0.1553
| 0.0222
0.1985

om0 Imo 60495
ey ¥
OM)’ s 1

. [md ’

Figure 18: Tracking changes in the Change History

3.1.7 Additional Functions

Thie windaw shows all changes commited to the certral vCOM daiabase

©% Download selected state

Na changes made 1o dataset VAR1_SW1_RevD. No update neceasary in vCDM System
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2017-11-08 13:35:37 PM1 Edit data set VAR1 SW1 Rev0
2017-11-08 13:33:44 PM1  Edit data set VAR1 SW1 Rev0
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Nest | M|
Parsmater ~ Source [Type Funcion Functon ¥s  Valve * | Propertes|
VCDM,.snp2_cosp?_table Map  vCDM_Vables?D 111 [ T | pss111328125] -0.3410644° -
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‘ '
7 , || [E] Show parameter values with full precision
[ ok ][ cama

| (o tep ]

Calibration engineers are provided with additional useful functions that can be invoked directly from CANape.

> Parameter set files imported into a data set can be displayed in CANape. This also applies to files from other users.

> Attachments can be added to the data set.
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> A data set can be written with metadata (attributes)
> Changes can be rolled back
> Calibration progress is displayed in the data set administration

> Parameter set files can be submitted to vCDM Component libraries

|Dateset
E BF vcoM_demovt
’3@ vCDM_demov'1
| B3 10k
e
| EeEg 140kw
L. VAR2_SW1_RevD
=53 Us |
E-C 120kw [
& VAR3_SW1_Revd

| Changes | |

e

<l

Calbration progress | Lser defined propettis
Parameters calibrated 54 of 54

Owerall progress 625%
|
Calibration state | Progress %  Percent share | # of Parameter
prelimCalibrated /% 19% 10
calibrated 50% 28% 15
checked T5% 35% 21
completed 100% 15% 8

Figure 19: Calibration progress in the data set administration

3.2 Advantages Option vCDM
> Seamless connection from the desktop to the database
> Conflict detection and resolution though the central vCDM Database
> Change tracking and history for parameter values
> Simple sharing of data sets with colleagues - no vCDM dataset manager required
> Easy access to vCDM calibration projects - created by a vCDM dataset manager
> Contribute calibrations to vCDM calibration projects and shared data sets

> High user acceptance by seamless integration with CANape and vCDMstudio
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4 Manage and control and the calibration process - vCDMcenter

4.1 Manage calibration projects

vCDM offers an array of functions for managing projects and data variants. These functions are normally executed by a project
manager or data integrator:

> Managing projects and data variants: vCDM can be used to manage any number of projects. In each project, there may
be any number of independent data variants, each of which contains the defined range of parameters.

> Product properties: Product properties such as engine displacement, legal emission limits or gearbox properties may be
assigned to the data variants. The list of product properties can be supplemented in any desired way.

> Meta information: can be used throughout the product to complement calibration data. Some examples are :
parameter classifications, additional ECU documentation, software function descriptions

@Add @ Remove 43 Rename Activate Wl Deactivate ||z Export | g Import %Add attributes
Calibration variants identifier State Car Type Emizsion Power |
VAR1 1% Ready for use Sedan EU 100k
VARZ 1 Ready for use Station W... EU 120kW
VAR3 It?_ Ready for use SV EU 120kw
VAR4 1 Ready for use van EU 120k
YARS [ Ready for use Sedan us 120k
VARE IL%— Ready for use SV s 120kwW

[ |var7 [ Ready for use van Us 120kW |-
-<New Variant> <Add More >

il <Undefined>|
100kwW
120k

Figure 20: Definition of product properties

> Structuring of data variants: Project managers can structure the variants in folders in any way they want. Alternatively,
the tree structure can also be calculated from the product properties. These views can be configured to meet user-
specific requirements.

Hg Select hierarchy - % History depth - l'-lg Configure attribute view..,
= ﬂ % Demoproject B Configure attribute view M
(=)= vEDM_demaV1
@ e

{ECL Software Version{Emission}{Power}{Car Typa} EI

() (Gameat]

[ T 120kW

Figure 21: Data set variants grouped in folders

> Automatic history tracking: All changes to the data variants are automatically tracked in a history. Development over
time and parameter set imports are tracked precisely and can be retrieved later in a few seconds.

> Defining work packages: To coordinate the import of calibration data in a team, work packages and rights can be
defined. Rights may be assigned in a scaled way - from the project to the variant to the even individual parameter.
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&, Change work package definition — m} X

Work package editor (1/3)
Define work packages on the left and assign parameters, functions or groups by using drag'n'drop
from the A2L tree on the right side. Alternatively, you can use the yellow chevrons to use complete
groups/functions as work packages.

Your current effective work package list is shown on the left, based on your current 'Advanced work
package settings' and A2L.

®P® = LB BB % Ol - | LE

| Work packages | [work package content  ~ [Name
[ec [ec [ec
50 vCoM Ay 08 VOO DatasetDota

@ WorkpackageCal2 (M vCOM_Axis

E] vCDM_Curve

G}3M vCDM_ECUCode

(+)- [ vCDM_ign_inj_control
(+}{38 vCDM_PosControl
()-8 vCDM_Scalar

vCDM_Signal_in
&[] Unreferenced parameters

ANMB &F]

4| [ »

Edit Filter

<Back Next> || Fnish | [TCancel || | Heb |

Figure 22: Work packages can be easily defined in the editor

4.1.1 Permissions

Administrators can control the access to vCDM by multiple means and fine-tune what data is available to which users.

vCDM

Role Management grants or denies access to use-cases in vCDM and permissions control the access to projects and datasets

in the database.

Parameter permissions determine which users can change which parameter

& Change parameter permission definition — a X
Configure parameter permission definition (1/3) &
With the left tree control, it is possible to create a local user group structure. Parameters may be assigned to users and user groups.
Users have authorization on their assigned parameters and parameters that are assigned to their user groups.
@®-®BH®E-E- Iy (R0 PE S
[Userandmergotps - [Assmed - | IWorkpadtages G
[ec [ec ‘ Dec
Iy caL1 (John, Calibrator)  [f@]F ] WorkpackageCal1 ‘
& CAL2 (Anne, Calibrator)
‘- @ DOMADMIN (DOMADMIN...
ll‘.rherited ~ |w°rkpad<ageoontent -~
[ec ﬂ [ec
<Back Next> || Fiish | [ Cancel | [ hHep |

Figure 23: Parameter Permission Editor
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4.1.2 Software Changes

When a new software (A2L/Hex) is introduced to a calibration project, the existing calibrations for all affected calibration
variants must be migrated to this new software.

>

Optimized for mass operation: This operation can be executed on many dozens or even hundreds of variants
simultaneously.

Parameter renaming: Renaming of parameters is supported.
Seamless history: The software change does not interrupt the history.

Parallel work on different software versions: Even after the software change, older software versions can still be worked
on. Software versions are managed as parallel lines of development.

Reports: Differences between A2L files can be exported into a report.

Rule based data migration: vCDM and vCDMstudio feature an integrated wizard which enables suppliers, software
developers and experienced calibration engineers to define complex acceptance rules for when parameter properties are
changed. These rules are then imported and executed when the software is changed. This enables calibration data to be
accepted automatically even when extensive changes are made to the ECU software.

Possible scenarios that can be handled in this way:
> Unit changes: Automatic conversion of seconds to milliseconds.

> Parameter type changes: Convert curve to map.

4.1.3 Data management Mode

vCDM supports the different calibration data management modes:

>

>

>

4.2

A2L/Hex : The A2L file contains the parameter declaration, and the data is delivered in its binary representation — ready
to flash it to the control unit. This mode is typically used for powertrain calibration

Hexless: The A2L file contains the parameter declaration, and the calibration data is managed in its physical
representation. Released calibrations can be submitted to a software build process. This mode is typically used for
chassis calibration

Parameter Editor: The parameter declaration are entered with an editor or are imported from other tools (i.e. MS Excel)
and the calibration data is managed in its physical representation

Traceability for all calibration changes

vCDM has all necessary capabilities of a version management system. Every dataset and parameter file has its version and
lifecycle. Objects can be frozen and branched.

Every change of calibration data sets, parameter files or a single parameter can be tracked.

Summary Parameter values Parameter History Calibration Progress Data Processing Logs  HEX Generation Review Attachment Revision History Parameter Permissions Change History

[f1d Fullscreen  Show recent changes | 5 Export more
l lDate v l Change ‘Changed by

[sc [sc [sc [sc
| 18.11.2020 14:03:09 Calibration file imported: vCDM_Vectors-ValidationWarnings.DCM ; 0
NEW 18.11.2020 13:50:53 PVD assigned: myFirstProject (Softwarev1) ; 0 DOMADMIN (DOMADMIN, DOMADMIN)
NEW 18.11.2020 13:50:53 Moved Variant4711.SoftwareV1 ; 0 into myFirstProject ; 0 DOMADMIN (DOMADMIN, DOMADMIN)
NEW 18.11.2020 13:50:52 Dataset created: Variant4711.Softwarev1 ; 0 DOMADMIN (DOMADMIN, DOMADMIN)

Figure 24: Trace Dataset Changes
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Summary Parameter values Parameter History Calibration Progress Data F ing Logs  HEX ion Review  Attachi Revision History Parameter Pemmissions Change History
* [ Fullscreen
Parameter History  Activity History Dataset History

[Parameter [ Type | Function Name | Function Version |

Parameter

CAIRAM START

[] Show only with parameter with calibrated values

[Parameter [ Date | ntegration ... [ Operation [ Source | Dataset | Value  Properties *

[ec [ec
Work Packa..

2020-11-18... . | VO1.XCPsim...

4

[J Show parameter values with full precision

Figure 25: Trace Parameter Changes

vCDM
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4.2.1 Rich Meta model for calibration

Parameters can be loaded from many typical data formats for calibration. Text- or XML-based formats can be processed, as
well as binary formats (519, Hex).

All parameter information is managed in an internal data model. This data model extends ASAM MCD-2MC (A2L) with rich
meta information. This enables easy transformation of parameter sources into other formats.

vCDM also supports parameter formats for model-based calibration and software development

vCDM

Parameter
Data Model

Csv

Figure 26: vCDMs internal data model supports easy conversion from and to many formats
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4.3 Configure and control process quality

The functions of vCDM support all phases of the calibration process:

Supporting process Core process

In-vehicle
Calibration
INCA/CANape

Variants &
Workpackages

Create
Project

Software
Change

/o) no
O] ’5u!u\_\No

Review/Merge

Calibrations Calibration

Files

Figure 27: Overview calibration process in vCDM

> Create calibration projects

> Define calibration variants and their attributes (features)

> Set up work packages and permissions

> Import parameter files

> Review changes

> Merge changes

> Detect and resolve conflicts

> Generate updated ECU files

> Transform existing calibration data to new ECU software

> Graphically compare and manually manipulate data with vCDMstudio
> Establish consistency criteria and checks

> Calibration history and overview of incorporated work packages
> Prepare ECU software for production

> Access to all functions via automation interfaces

> Reporting and data mining functions

> Guided mode for new and sporadic users

> Export and import of projects to support test states

> Management of component libraries

> Documentation of calibration expertise

> Special views for special tasks (e.g. OBD blocking behavior)

23



VECTOR >

4.3.1 Import Calibration Data

These actions are performed by the calibrators or data integrators.

& Import calibration files -

Assign sources to datasets

By choosing the appropriate page below, you may either distribute sources into datasets or you may assign datasets to sources. Use the filter settings below to get a certain view on the
datasets.

@ Import | 4 Export

Assign Datasets Assign sources to datasets Assign datasets to sources

(m] X

=

r’ Datasets
[ VOLXCPsim ; 3 [ V02.XCPsim ; 0 [ VO3.XCPsim ; 0 [ V08.XCPsim ; 0
8 | vCDM_Array-1.11.cdfx v
L |vcOM_Axis-1.11.cdfx v
vCDM_Curve-1.11.cdfx v
vCDM_ECUCode-1.11.cdfx v
vCDM_ign_inj_control-1.11.cdfx

Miscellaneous

Calibration Variant <al>
| || product Attributes
Emission EU6
; T, - : -
| Transmission <all>
Type <all>
| |14 DatesetFier [Emission:EUS. Engine:2.1 | [
Reaureddota ol
gh - Accept no erors or wa gs. k
Medium - Ignore wamings
Low - lgnore any emors or wamings
<Back || Next> || Fnsh || cancel || Hebp

Figure 28: Import wizard for parameter sets

> Consistency check at parameter set import: When importing calibration data, consistency conditions such as

permissions, work packages, value ranges and other properties are checked.

> Optimizing for large numbers of variants: Filters and intuitive user controls help the user to identify all the variants

needed for a parameter set import.

vCDM

> Merging the data: Imports by calibration engineers can be conveniently compared and merged. If conflicts occur, they

are detected and resolved.

> Quality data: When a parameter set is imported, status information and comments can be added and attachments
included. It is also possible to link imports to issue tracker and requirements management systems.

> Optimized user interface: The complexity of the user interface can be reduced to a minimum for the data import. This

lets occasional users quickly learn how to use it.

> Integration in calibration tools: A supplemental feature is the direct parameter set import from the CANape and INCA

calibration tools.

> Excel import and export: Import templates can be exported and reused in Excel.
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4.3.2 Merge Calibration Data

These actions are performed by the calibrators or data integrators.

& Review merge result = a X

Review changes in dataset (1/1) @
In this page, you will see all changes that need review.
Depending on your import settings, these can be either all changed values or only those that overwrite data of another calibration engineer. Additionally, the result of value
checks (rules) are shown.

=
[EEE )

Parameter history _A Only with problems &] Show product attributes
Dataset Source Integration Level Parameter New values  Current dataset values  Problems
Qec Qec [Qec Qec "] Qec [Qec
Variant4711.SoftwareV1; 0 vCDM_Vectors-ValidationWarnings.DCM ; 0 Workpackages vCDM.array.Element[0] -2 0

Variant4711.SoftwareV1; 0 vCDM_Vectors-ValidationWarnings.DCM ; 0 Workpackages vCDM.array.Element[2] |6
Variant4711.SoftwareV1; 0 vCDM_Vects nings.DCM ; 0 vCDM.array.Element[1] 9
Variant4711.SoftwareV1; 0 vCDM_Vectors-ValidationWarnings.DCM ; 0 Workpackages vCDM.array.Element[4] 18
Variant4711.SoftwareV1; 0 vCDM_Vector nings.DCM ; 0 ck vCDM.array.Element[3] 19

\/Conﬁrmvalues 8 Reject values

€ with errors

o o o o

Message

Value *  Properties
=1

‘ »

[] Show parameter values with full precision

5 Change(s). 1 With problem(s). Dataset values in parenthesis

Required data quality |High - Accept no emors or wamings v
pt no efrors or wamings
Medium - Ignore wamings

Low - Ignore any emors or wamings

Finish Cancel Help

Figure 29: Approval of parameter changes

4.3.3 Generate ECU Files

Once all the necessary calibration data has been imported and merged; the project manager or data integrator generates a

new, updated revision of the ECU software:

> Consistency checks: Configurable consistency checks are also performed for Intel-HEX and Motorola S-Record
generation.

> Naming rules: New HEX file names can be generated automatically based on configurable rules.
> Preparation for production: The new ECU software can be generated in a form which allows it to flow directly into the
production process. Checksums and signatures may be inserted in the ECU file for this purpose (HEX post treatment).
4.3.4 Validation Framework

vCDM provides a validation framework to configure the required data quality for every process step
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& Check & computation settings

Parameter Value Rules
Value rules are managed per software (see dashboard).

On this page you can configure on which use cases parameter value rules are automatically executed.
Value rules can be executed explicitly at any time (“Execute value rules”).

Value import
w Checks can be done if new values are imported into system.
Note that only check rules are executed, no computation rules.

Parameter Value

Rules If you use scripted rules: Make sure they either work without dataset (on values of delivered file) or are
not executed in import context

<
) [ Execute rules on parameter set import
Completeness Checks|
Value merge/approval
On approval. checks are done on all parameters that will modify the dataset (Unchanged parameters
are not check

ed).
Check values vs. A2L All parameters in dataset will be updated using the calculation rules.

[4] Execute rules on parameter set merge/approval

(-4
@ Freeze/release
Dependent ) .
Characteristics Check and computation rules are executed during freeze of dataset
[ Execute rules on dataset / HEX freeze
Quality Data Export
- Computation rules: New values are only set to local exported file (integrated state of dataset is not
_sﬂ modifi
Rules on export are only performed if dataset is not frozen yet - once a dataset version has been
Monitor classified frozen, itis assumed to be approved [no checks executed] and values cannot be modifed any more.
parameters

[] Execute rules on export HEX
[J Execute rules on export parameter set

Settings are default in domain v

| 0] 1

Figure 30: Setup Required Data Quality for the vCDM Validation Framework

4.4 Efficient Management of calibration variants

vCDM offers various methods for keeping a large number of calibration variants consistent. These mechanisms can be applied
independently or combined as needed:

r—r—
{ECLE Software vesion)Emasion] Mot} = e o
2 PR Tetmarts 0
Dependency
mana gement

Component
libraries

Automatic
e folder
e structure :
b e LR _ Derived data sets
Attaching
f—— attributes

]
B COM g a0
5 [ VRN ADM e
B vCOM_dons a2t 0
1 == TP
vanants B oM Enucese 0o 0
[ 0Tt 0 )
(== CRE R
B DM Vi DM B

B 00 e o i
B vCDM ETIC oder] 11 ihanged, sl BTN 10

Figure 31: Methods for variant management in vCDM

> Attribute: Attributes can be attached to variants to define their semantics more precisely. These attributes are used
later on to filter data and for automatic assignment of data from libraries.
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> Calibration matrix: The calibration matrix clearly presents the available work packages, their instances and where they
are used. Work packages can be exchanged from the calibration matrix. Exporting to Excel and the import of changes
from Excel are possible.

> Derived variants: If there are only minimal differences between variants, this can be handled using derived variants (e.g.
test bench versus street test variants). Most parameters in a derived variant originate from the basic variant. Only a
small number of parameter values are managed within the derived variant. The values from the basic variant are
determined dynamically, and changes are immediately available in the derived variant as well.

> Component libraries: Work packages which could serve as a good basis for new variants can be managed in component
libraries. Through assignment of the attributes, the libraries can be aligned with the data sets.

Component Library

Data sets
Sub-component "Emission” VARL (EU/ 100kW/Auto)
uto):
EU: . .
Parami=1 Assi n Via product attribute EU:
ParamB=2 n’latchmg ParamA=1

ParamB=2

us:
ParamA=3
ParamB=4

AT

Sub-component"Power” " ParamD=4

T VARG (US/140kW /Auto):

ParamC=5 us:

140kW ParamA=3

ParamC=6 ParamB=4

140kwW

Sub-component "Transmisst ParamC=6

AT | AT

ParamD=4 ParamD=4

MT
ParamD=7

Figure 32: Basic principle of component libraries

> Dependency management of parameters: This function is elaborated on in the following chapter.

4.5 Managing Parameter Dependencies

You use this function to manage the dependencies between parameters and variant properties and boost the efficiency of the
calibration process:

> Data distribution to variants: Data can automatically be distributed to variants. The individual calibration engineer only
requires a little knowledge about the structuring of the variants.

> Consistency check: Automatic checking of variants for consistency.

> Automatic filling of variants: New variants can be pre-filled from ongoing project data to the greatest extent possible.
Inconsistent variants are automatically repaired.

> Calculating dependency relations: The dependency relations in a project can be calculated by means of a correlation
analysis based on existing data. The results are used to configure dependency management and validate new data
variants in the light of the dependencies.
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4.6 Monitor - Manage - Improve by Analysis and Reporting

vCDM offers an array of reports which can provide important information within a few seconds:

vCDM

> Data comparison: Different variants can be compared to one another. The result can be presented graphically in

vCDMstudio and exported as an Excel report. The report includes A2L properties, parameter values, quality information,

maturity levels, work packages, permissions and lots more information. A template mechanism can be used for

application to different use cases without repeated configuration.

A B C D H F
1 |Parameters [P AR N C oI EmMOVARANIIEDN] De moProject / VAR2.vCDM_demoV1; 0 / vCDM_demoV1.a2l
2 + | Physical value |~ Unit - | Difference Type - |Physical value |~ Unit -
3 |vCDM.abs_sinp2_cosp2_table |[§,Ql 1 Value [9,19]
4 |vCDM.airmass_x_table [13] kg No [13] kg
5 |vCDM.array.Element[0] n No 1
6 |vCDM.array.Element[1] fa No "
7 |vCDM.array.Element[2] 7 No 7
8 |vCDM.array.Element[3] Mo No "0
9 |vCDM.array.Element[4] ¢h) No eh)
10 |vCDM.axis.X_AXIS_xU16 5] °c No 5] °c
11 [vCDM.axis.X_CU_AXIS_xUl6_wU3 [5] Cluster °C{x) No [5] Cluster °C{x)
12 |vCDM.axis.Y_CU_AXIS_xU16_wU8 4] Cluster Um/p(x) No 4] Cluster Um/p(x)
13 |vCDM.BOOLEAN.FW_wUS 1 No 1
14 |vCDM.BOOLEAN.FW_wU8_VTab TRUE No TRUE
15 |vCDM.curve.FKL_xFIX_wU3 [6] grad C °C(x) No [6] grad C °C(x)
16 |vCDM.curve.GKL_xCOM_wU16 [5] grad C °C(x) No [5] grad C °C(x)
17 |vCDM.curve.KL_xU8_wUg [10] grad C °C(x) No [10] grad C °C(x)
18 |vCDM.Dependent.Base.FW_wU16 "7 No "7
19 |vCDM.DummyAirMass 0.0048828125 No 0.0048828125
20 |vCDM.f Kd_1 0.000999927520751 No 0.000999927520751
21 |vCDM.f Kd_2 _0.000999927520751 No _0.000999927520751

Figure 33: Map comparison exported to Excel

> Parameter value instances: This analysis shows the different values of a parameter occurring in different variants and

projects. This analysis can be used to optimize parameters or for a consistency check.

E| DemoProject ; 0 E‘Vﬂlue population matrix =

Figure 34: Evaluate occurrences of parameter values in calibration variants

@ Switch to list view % Show product attributes & Consider quantization F3 Show only with differences Parameter histary || g Export 5 Refresh
| Parameter Functions # Variants | VAR1.vCDM_demoV1 ; 0 ‘.\«'ARZ.VCDM_demo\u'l; 0 [VARZ.vCDM_demoV1; 1 [VAR4,vCDM_demovi;0 |VARS.vCDM demav1;0 [VARG.vCDM demol
‘_ vCDM.abs_sinp2_cosp2_table vCDM_Tables2D 2 [3,19] i[9,19] i [9,19] [9,19] [9,19] [9,15] -
liess ¥CDM.girmass_x_table vCDOM_ign_inj_control 1 [13] [13] [13] [13] [131 [13]
[— wCDM.array.Element{i] vCDM_Vectors 1 £ ¥ 1 1 £ 1
[— wCDM.array.Element[1] wCDM_Vectors ¥ {3 i 4 4 4 4
[~ vCDM.array.Element[2] vCDM_Vectors 2 7 7 7 7 ¥ 7 =|
[ wCDM.array,Element[3] wCDM_Vectors 2 10 10 10 11 10 10
[ wCDM.array.Element[4] wCDM_Vectors 1 20 20 20 20 20 20
leour VCDM. s, X_AXIS_xU16 VCDM_Axis 2 [s] [s] [s] [s] [s] [5]
= wCDM.axis. X_CU_AXIS_xU16_ w8 | wCDM_Axis 3 [51 [5] [5] [5] [5] [s1
= wCDM.axis. Y_CU_AXIS xU16_wl8 | vCDM_Axis 2 [ [ G 4 4 4
[— wCDM.BOOLEAN.FW_wU3 vCDM_Scalar 1 £ I i 1 ¥ 1
[ wCDM.BOOLEAN.FW_wUB_\Tab wCDM_Scalar i TRUE TRUE TRUE TRUE TRUE TRUE
= wCDM. curve FKL_xFIX_wU8 COM_Curve 2 [8] [&] [8] [8] [6] [6]
=" wCDM.curve.GKL_xCOM_wlU 16 vCDM_Curve 2 [=5] [5] [5] [a1 [5] 51
|~ wCDM.curve.KL_xlJa_wUS wCDM_Curve = [10] [10] [10] [10] [10] [10]
[— wCDM.Dependent.Base FW_wU16 | vCDM_Scalar 17 i7 17 i7 17 7
[— vCDM.DummyAirMass vCDM_ECUCode 2 0.8 0.0043825125 0.0048828125 0.0043828125 0.0048828125 0.0048828125
[— vCDM.f Kd_1 vCDM_PosCantrol 2 0.1 0.000999927520751953  0.000993927520751953  0.000999927520751953  0.000993927520751953  0.00095992752
[— vCDM.f_Kd_2 vCDM_PosContral 2 0.2 0.000999927520751953  0.000999927520751953 0.000999927520751953  0.000999927520751953  0.00095992752
[ vCOM.F K 1 wCDM_PosCantrol 2 4.5 1 1 ¥ t T
I vEOM.f G 2 VCDM_PosCantrol 1 3 3 3 3 3 3
Pl w°NM £ K i "M _Dnefnntenl 3 N.N000s . o N NOOOFECRC0ATE M NOOOFECREOATE N NOOQQFEERCOATE -0 NO0Q7EEREOATL n ﬂOOOT‘:EQ‘:‘:q =
Walue * | Properties * |Narr|e Type Function > | Miscellaneous
0.34912109375| 0.6981201171875| 1.0472412109375] « el Calbratioes Vet <l
0.3359375 0.640625 0.859375| |=||| |[# B vCDM.abs_sinp2_cosp2_table Map VCDM_Tables = iy ATmIsEs
0.296875 0.828125 [#] k... ¥CDM.airmass_x_table Axis wCDM_ign_inj_ Far Type <all>
(0.6) [#] 0— vCDM.array.Element[d] Parameter  vCDM_Vectors | Emission <all>
N 2890A3251 _0 5390A75 n7aagsl ¥ || et " . S Power <all>
4 [ 4 -
[] Show parameter values with full pracision Check filtered ] wf  CheckAll ] |® Clear ] | t} Dataset Filter

> Parameter history: This report answers the question: Who made what change when and from which source? What was
the initial value, and to what value was the parameter changed?
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Parameter History | Activity History | Dataset History |

M, cuU 16_wlia
WCDM, axis.Y_CU_AXIS 3 116_wU8

DM _Axis 1,11
A Axi

Parameter Type | Function Name Function Version
wCDM.abs_sinp2_cosp2_table Map vCDM_Tables2D 111

vCDM, airmass_x_table Axis vCDM_ign_inj_control 111

wCDM. array.Element[0] Parameter vCDM_Vectors 111
wCDM.array. Element[1] Parameter  vCDM_Vectors 111
wCDM.array.Element[2] Parameter  wCDM_Vectors b E

wCDM. array.Element[3] Parameter  vCDM_Vectors 1.11
wCDM.array. Element[4] Parameter  vCDM_Vectors 144

wCDM, axis. X_AXIS_xU18 Axis

Curve wCDM_Axis 111
wCDM,BOOLEAM.FW_wUS _VTab Parameter  vCDM_Scalar 1.11
[] Show anly with parameter values
[Parameter Date |integration Level | Operation Source || Value ™ | Properties *

wis.X_CU_AXIS_ %16 wWU3
VEDM, axis X_CU_AXIS_xJ16_wU3

Figure 35: Parameter history

2018-01-19 14:34:34 | Work Packages (1)

2018-01-19 14:22:35  Work Packages (1) Create data set

°C

[ 206] 238] 286] 302] 318

Cluster| © 03| 0.8

vCDM

> List of work imports: This report provides the sum of imports making up a variant. The history is tracked over as many

revision levels as desi

red.

> Calibration quality: The quality of the calibration can be tracked over time or across variants.

. & Calibration progress report

Summary Parameter values Parameter History Calibration Progress  Data Processing Logs  HEX Generation Review  Attachment  Revision History Paramete, ¢ | * |

No data 1
p
120 % o 0
changed 1
0%
prelimCalibrated 8
25%
calibrated
s0% | 2
4578 % checked 14
75%
completed 0
100%

Figure 36: Calibration maturity for data variants

> Data review with v€CDMstudio: vCDMstudio is used for offline data reviews. By utilizing the filter and search functions,

complicated matters can also be responded to. Possible changes can be conveniently merged back into vCDM.
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4.7

Advantages vCDMcenter
vCDM supports the specific requirements of calibration engineers, small teams and globally distributed enterprises.
The calibration processes and workflows can be adapted to the size of the company.
All changes to the data can be traced without interruption.
All operations are optimized for a wide range of variants.
vCDM can be used for different ECU architectures (AUTOSAR, Adaptive) and calibration concepts.
Domain-specific views visualize certain aspects of the calibration data in a clearly structured way.
vCDM is integrated with the CANape calibration tool.
vCDM ensures consistent data quality for calibration variants

Extensive programming interfaces (APIs) are available.
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5 Easy access to the vCDM Database - vCDMweb

vCDMweb is easily accessible with a standard internet browser. It offers a selected set of functions to distribute calibration

knowledge throughout the enterprise.
> Search and Download of released calibration datasets
> Reports on calibration progress and maturity

> Upload of new ECU software

Logout

VECTOR >
§ DOMADMIN @ CDM

Download Upload Software Reporting ~

Download ?

Project Browser Search Advanced Search

Project Filter: | | % Only Favorite Projects

- [ Projects = Data Set Properties

= XCPDemo

+— + O vo1.XCPsim
V02.XCPsim
V03.XCPsim
V04.XCPsim
V05.XCPsim
V06.XCPsim
V07.XCPsim
V08.XCPsim
V09.XCPsim
V10.XCPsim
V11.XCPsim
V12.XCPsim
V13.XCPsim
V14.XCPsim
V15.XCPsim

No Data Set selected.

1 selected Data Sets (Clear Selection)

+ Show selected Data Sets

T T
DOo@C¢

T T
O0000000000O0

10O«

Selection of file types to download

A2L files
HEX files
(0 Parameter Sets (xPAR)

Start download
&, vcom © Copyright 2016 Vector Informatik GmbH Unknown version (en) @
Figure 37: vCDMweb

5.1 Advantages vCDMweb
> Cost-efficient distribution of calibration knowledge throughout the enterprise

> Access-control by roles
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6 A software architecture for today and tomorrow

6.1 Cloud-ready 3-Tier architecture

vCDM system architecture introduces clear and distinct layers. The client applications vCDMcenter, vCDMweb and Option
vCDM with CANape or vCDMstudio connect to the data center with internet protocols. The data transfer is optimized for
global deployments and poor bandwidth.

The business logic is provided with the vCDM server in a secure datacenter — on-premise or in the cloud.

Opensource MariaDB or Oracle DB can be used as database server. The Repository server stores all files and multiple instances
can be setup for global replications.

WEB

Administration Client

Environment

HTTP/HTTPS
e.g. port 8080
Data Center
HTTP/HTTPS
e.g. port 8080
TCP/IP
e.g. port 1521
n
TCP/IP* vCDM File i Repository
e.g. port 1521 Database Repo. Server

Figure 38: vCDM 3-Tier architecture

6.2 Cloud-based vCDM - Software as a Service
The vCDM Software-as-a-service (SaaS) is a cloud-based solution. It offers considerable benefits for business users:
> No need for dedicated hardware resources
> No investment budget is needed
> Best-practice server operation by Vector
> Cost-effective operation
> Faster provision (cloud system is ready to use in a very short time)

The entire infrastructure for operating the server will be provided by Vector and its service partners. A high level of data security
is guaranteed through security measures (encryption, client separation, ISO 27001 certification). Selected, globally distributed
computing centers ensure fast response times.

All costs for hardware, software and databases are included in the subscription fee. There are three different levels of
configuration. Our service level agreements offer 99.0% availability and 2 hour recovery.

Vector Cloud Configuration Levels

Level of Configuration Medium

Max. number of users 30 200 >200
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CPUs 4 8 16
Memory 4GB 8GB 16 GB
Hard disk space 65 GB 250 GB 2500 GB

Data transfer

8 GB per month

30 GB per month

240 GB per month

Table 1: Sizing of server components for several service levels

6.3 Open Source

vCDM supports the open-source web application server TOMCAT and open-source database MariaDB. This enables cost-

efficient installation and management for the backend server.

6.4 Microsoft Azure

Microsoft Azure is a cloud computing service created by Microsoft for building, testing, deploying, and managing applications

and services through Microsoft-managed data centers.

vCDM can be deployed on Microsoft Azure.

33



VECTOR > vCDM

7 Training Classes

As part of our training program, we offer various training courses and workshops on vCDM at our classrooms in Stuttgart and
locally at our customers' locations, or online

You can find more information on individual training classes and dates at: www.vector-academy.com
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