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ASAM Introduction
ASAM — At a Glance

W) TENERGY

1998 as an initiative of the major German car manufacturers:

Foundation |
Q0D ¢ DAIMLER . @

Auoi

 To create an engineering, simulation, testing and automation environment
where devices and software applications can be freely interconnected and
data can be seamlessly exchanged.

» Platform to develop, enhance and to promote standards for the automotive industry
» Legal representative of currently 30 standards

Purpose

» Registered Association under German law
* Non-profit

Legal Form

 More than 300 members
 More than 25 OEMs

Member Base

& ASAM



ASAM Introduction
Some Highlights

W) TENERGY

ASAM Actively Drives Standardization — Inside and Outside

« Services for ASAM members worldwide
ASAM Website, International Conference 2019, trade show patrticipation, ...

I
\

e Standards related Activities

= |
/

Standards developed internationally, both locally and in internationally staffed project groups
new standard domain “Simulation”, ... B
Tor
A Recognized Partner in the Standardization Community Eﬁ
Liaison Agreement with ISO, MoU with SAE, AUTOSAR Attendee, ... n
=
« Next Steps towards Internationalization S—
Entered Chinese market, .... E

 Non-automotive Industries:
ASAM Standards are used e.g. in the aviation industry, etc.

& ASAM



ASAM Introduction
ASAM Standardization Domains

W) TENERGY

Data exchange and tool interoperability in automotive development and test.

Simulation

Description of road networks for driving and traffic
simulation. Specification of driving maneuvers and
test scenarios.

Data Management & Analysis

Standards for storing, retrieving and
analyzing mass data captured during
simulation, testing, production and the
operation of vehicles.

Test Automation

Standards for working with test systems:

* APIs for programmatic access to sensor and
actuator devices, measurement and calibration
systems, HIL systems, and DoE systems

* Formats for test descriptions

Measurement & Calibration

Standards for working with ECU variables and parameters:
» Read-write access to data in the ECU memory

» Meta-description of the data

« Storing data in files

 Describing calibration process

Diagnostics

Standards for describing and testing the
diagnostic subsystems of ECUs.

ECU Networks

Standards for describing and testing ECU
networks.

Software Development

Standards supporting the ECU software development process:
» Formal description and documentation of ECU software
» Description of change requests
* Blocksets for model-based software engineering

& ASAM



ASAM Introduction W TENERGY
ASAM Standardization Domains

Data exchange and tool interoperability in automotive development and test.

Measurement & Calibration
MCD-1 POD MCD-1 CCP/ XCP MCD-2 MC

Simulation
OpenCRG OpenDRIVE OpenSCENARIO

MCD-2 CERP MDF CDF CPX

Diagnostics
MCD-2D MCD-3D

Data Management & Analysis
CEA ODS

Test AutomationAcl
ASAP 3 ATX GDI iLinkRT

MCD-3 MC OTX Extensions
XIL

ECU Networks
MCD-2 NET

Software Development

CC FSX ISSUE LXF MBFS MDX

& ASAM



ASAM Introduction 1) TENERGY

Testing in an Enterprise - Applications

Statlonary Test Stands Fleet Testmg

Durability | ADAS | Fleet Data

Mamtenance Prediction

QE}MJ’ E‘ EE M F@ E&l I- =

i
_-\

NYK LINE

NVH data detect / evaluate life cycle Track Conditions /Forecast for renovation

& ASAM



ASAM Introduction

Testing in an Enterprise - Domains

Organization / IT

1) TENERGY

Engineering

Different Test Stands /
Vehicles and Sensors

Different File Formats

Different Channel
Naming

Different Tools by
specialized Vendors

Different Specific
Features & Work—Flows

Required
Analyses / Algorithms

Test Data Management with ASAM ODS makes you the owner of your data.
. Independency and Protection of Investment
. Shared know-how and costs in a none-competitive infrastructure

& ASAM




ASAM Introduction

1) TENERGY

Testing in an Enterprise - Challenges

A

---likely dead ends
(costs / effectiveness)

Maintenance efforts / System
Evolution
Know—How Availability

[challenges ]

dependencies on tool suppliers /
formats

data availability and
comparabilit

common data storage and backup

- time [years]
There are many unforeseen pitfalls ahead and many decisions and compromises to make right.

& ASAM



ASAM ODS (Open Data Services)

ASAM ODS Overview & Main Features

ASAM ODS defines M M
. application
Programming

Interfaces (API) for a ﬁ ODS Sever

server.

ASAM ODS defines

. a basic data model which
can be mapped to customer
specific applications (engine
test, brake test, engine
calibration, ... etc)

. @ meta data model enabling
a client application to navigate
through domain specific or
application specific data
structures

ASAM ODS

application A application B

ATFXx
File

ASAM ODS defines
. a file format for the
exchange of test result
data

& ASAM



I
ASAM ODS (Open Data Service) W TENERGY

ASAM ODS Overview - Structure

The ASAM ODS standard
...defines a common basis for data generation, storage and analysis
...iIs a world-wide standard for more than 25 years
...Is supported & utilized by most automotive OEMs world-wide

The ASAM ODS takes care of:
. Physical Data Storage (ASAM ODS Base Model)
. Standardized Access Layer (ODS API)
. Data Exchange Format (ATFx File Format)

Content of ASAM ODS

. Meta Data: Project, Test Object, Test Environment and Test Sequences
. Mass Data: Time Series, Event-based, BUS, ...
. Domains: Powertrain, Safety, NVH, Wind tunnel, ...

& ASAM



I
ASAM ODS (Open Data Service) ¥ TENERGY

ASAM ODS Overview - Structure

SHE

Vision 2017

Environ. Data Red: Management Data Dark Blue: Mandatory R
Dark Blue: Meta Data Purple: Mass Data Red: Mandatory RDBMS: &7 DB
Security Green: Quantities+Units +Green: Optional

Grey: Others & ASAM



ASAM ODS (Open Data Service)

ASAM ODS: Descriptive Data / Meta-Data

Project WOSHULIE Test Environment OGS D
uuTt Test Steps

Measurement (units | quantities | physical dimensions)

The meta information described in ASAM ODS is information about:

. the project such as “customer, project-1D, location, time zone, ...” [obligatory]

. UUT (engine, type, parts, ...)

. the test stand, vehicle, or generally devices and sensors

. the procedure of testing (durability tests or trip files for vehicles)
Meta information is stored in the database and is a network of information used to retrieve measures

data (even after years after recording).

Important: Descriptive data is often retrieved from external systems (Laboratory MGMT)

& ASAM



ASAM ODS (Open Data Service) I TENERGY

Bigdata Structure

Tool / System NoSOL Query / DIAdem / Concerto TDM Product TDM Solution
Integration Web-Service (oDS Clients) (Weh) (customized)

TOOL LEVEL

T :
. Data Importer ODS Server Web-Server Analysis Server =
Mass Data (ModelMapper) (RDBMS) (Web application) (Webserver) =
=
“
1
1
I
Test Data Algorithm / Script
<= . g P
OEM / Supplier E @ASAM : BigDatabase e.g. Matlab Server
I r* ------- _I
1 Specification for
Project Data -1 Application Model
<= proprietary Bigdata Suppliers
<= standardized OEM / Customer

& ASAM



ASAM ODS (Open Data Services)

Database Structures

<= AcENVirenment=>-> <= <=AoPhysicsIDimension=>

o +sub_geometries Emwinon et o1 PhysicalDimension
<<id=>+Id: DT_LONGLONG ~environment <<id=>=Id: DT_LONGLONG
< <name:> > +Name: DT_STRING < =<name>>+Name: DT_STRING
0.1 - <=<length_sxps =+ LengthExponent: DT_LONG
0. +testEquipments < <mass_ewpe -+ MassExponent: DT_LONG

<<current_exp>>+CurrentExponent: DT_LONG

~geametry
<<AcTestEquipment=> <<tme_sxp>>+TimeExponent: DT_LONG

T Fpmen
~<temperature_sxp> >+ TemperatureExponent: DT_LONG

_in_geometries X
<<id>>+Id: DT_LONGLONG = =molar_amaount_exp= >+ MolaramountExponent: GT_LONG
<<name=>+Name: DT_STRING < <lsminous_imtensity_exp=>+luminousInte nsityExponent: DT_LONG

+test_equipment +physicalDimension 1
+coordinate_system
= =<AcMeasurement>>
Measurement
% asi_mea_setups = =id> »+Id: DT_LONGLONG
== name>>+MName: DT_STRI

<=AcTestEquipmentPart> > = measurement_begins - +StartTime: DT_DATE[0..1]

+coardinate_system asi_mea_s=tup T
- 0.1 o1 measuremert
Freference_syscem = <id>>+Id: DT_LONGLONG measuremen:
< =name==+Name: DT_STRING Fasi_mea_sstup
o.* < <versian=>-+Version: DT_STRING[0..1]
+asi_sensing_locations “asi_sensing_locations T 0.%* | +submatrices

1
= —AcTestEquipmentParts o.* —<<AcSubmatii
s, sensing, location rea_sstue Submenrin
—<idemt Id: DT_LONGLONG Fvarying_lecaton [T i 1d: DT L LoNGLoNG
P B o | | ==neme=snam ~ STRING
B = b o e b OB emess DIT_LONG
+v: DT_FLOAT[O. 1] “asi_sensi Pep—

_AOATIO..1]
+Hocarion_geometry_id: DT_LONGI0..1]

+location_shap DT_LONG[0..1]

e an e T JEHUM Lanum = asi_location_made}

0.* | +meaQuantries

<< AcMesSUremENTUaNTTY = =
MeasurementQuantity

+meaguantities

0.1 |[+s=ns_loc=ton +mes_chains e R e =
o < =mame>>+Name: DT_STRING o
<<AcTestEquipmemPars> > SRR B e Hunit 0..* J +unms
g nEe= = === ot +mea_guansit®s 4 meaGuantities 0. ==Aolnk>>
<<id>>=Id: DT_LONGLONG o - a.* unie
< =AoTestEquipmentPart> > | <<namex > +MName: DT_STRING =si_mea_chain +enginesring_unin
T = = < <id~ >+ Id: DT_LONGLONG
| asi_sensor +channel_name: DT_STRING[O..1] o SR T
0.1 [+sensar “asi_mea_chains < <Factor> > +Factor: DT_DOUBLE
o= +sensing_slemens o +mea_chain \ < <offset> >+Offset: DT_DOUBLE
< —AcTestEouiprmentPart— - r’semiﬂlekmeﬂt D_ 0.1 | +defaukiin
asi_sensing_element | G wichain_parts _pas
ST o
. _chain_part
0. i element_sewings -
<=id> >+Id: DT_LONGLONG oa = = . | B . +oantity o.*
+amplifier 0-1 = DT_STRING - +asi_senging_slememn_semings 0.1 = quantities
= n_chain: DT_LONG - .
< =AcTestEquipmentPar>> = =AcTestEquipmentPar> > < =AcCuantty= =~
asi_amplifier asi_sensing_slement_settings Quantity
+chain_part
1 < <id= >+Id: DT_LONGLONG = <id> >+Id: DT_LONGLONG

©..1  ~+dag_syswem <<mame>>+Name: DT_STRING < =name>=>+Name: DT_STRING
| —AeTeEpmar P +sensitivity: DT DUU[BI_E[D.-I] < =mime_type= = +MimeTyps: DT_STRING[O..1
aa_sysw

= <default_datatypes > +DefauhDatatype: DT Em.m[o 11
< —default_type_size> >+ DefautTypetis: LONGID...1]
< =default_mq_name> >+DefaultMgName: o " STRING[O..1]

+fitter_type_lp: DT_ENUMLO..
+fiter_arder_Ip: DT_LONG(O

asi_cable

| < =AoTestEquipmentPart> >
+sensing_slemens_settings

o1
+amp_secings +daq_sersngs :
<<AcTestEquipmentPart>> < <AcTesEquipmentPar> > asi_:
: setrings asi_daq_sertings Sorounding: TT_EMUMED. 1] {amum — a5, sarnser arounding}
= +ground_rype: GT_ENUM[0] fenum = asi_gnd_type}
<<id>>+Id: DT_LONGLONG <<id>>+1d: DT_LONGLONG B ENUMION 1] S o Do o o)
< <name>>+Name: DT_STRING < =name>>+MName: DT_STRING
it Sty
+charge_sensitvity: DT_DOUEBLE[D..1]
= =i 0.1 | =tacho_semings
> —tve = AcTestEquipmentPart— >
+supply_connecson: GT_ENUMLD..1] {enum = asi_supply_connectio...} = i meinee
+resistance: DT_DOUBLE[D..1] ==
- - < =id= >+1d: DT_LONGLONG
1 +sensing_slemen:_setings ity L ST
+sensed_pulses_per_revolution: DT_LONG[O..1]
asi_sensor_grounding asi_ond_type asi_sensor_shield
~wrsh_sert
+single_snded — 0 +Foating = O +disconnected — O 0-1 =B _s=mngs
+differemtial = 1 ~commen = 1 +connected = 1 < —AcTestEquipmentPart=>>
i_wwsh_settings
e e e .
<<enum= = asi_wrigger_slo) asi_wrsh asi_wsh_sensin s (O
i _trigger_slope = —trpe = — el +bridge_type: DT_ENUM {enum — asi_wsb_tmpe)
= = ~increasi o —Full = o ~none = 0 ~nominal_resistance: DT_DOUBLE =si_wigger_slop=}
+separate_lines = 0 +decreasing = 1 +half = 1 +intermnal = 1 +excitation_frequency: DT_DOUBLE[0..1]
+signal_lines = 1 +both = 2 +quarter = 2 +ewtmrnal = 2 +sensing: DT_ENUM[0..1] {erum — asi_wsb_sensing} +max_range_vokage: DT_DOUBLE[0..1]

cation model for the instrumentation settings

Figure 6 - Appl
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ASAM ODS (Open Data Services
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ASAM ODS (Open Data Services 6.2.0) I TENERGY

Base Standard Specification Association Standard Specification

Chapter 1 Introduction Big Data Connector Ver. 1.1.1 / 2022-12
Chapter 2 Relation to Other Standards Bus Data Model Ver. 1.0.2 / 2022-12
Chapter 3 Architecture Calibration Model Ver. 1.1.2 /1 2022-12
Chapter 4 Base Model (36) Geometry Model Ver. 1.1.0 / 2022-12
Chapter 5 OO-API (5.3.1) NVH Model Ver. 1.5.3/2022-12
Chapter 6 RPC-API (3.2.1) Workflow Model Ver. 1.0.1/2022-12
Chapter 7 ATF/XML (1.3.1)

Chapter 8 ATF/CLA (1.4.1)

Chapter 9 Physical Storage (1.4.0)

Chapter 10 MIME Types and External References (1.2.3)

Chapter 11 HTTP-API (1.2.0)

Chapter 12 Terms and Definitions

Chapter 13 Symbols and Abbreviations

& ASAM



ASAM ODS (Open Data Services 6.2.0) I TENERGY

Base Standard Specification

g R
- 9 RPC ; _ =

Chapter 1 Introduction HTTPI =
Chapter 2 Relation to Other Standards
Bus erver
Chapter 3 Architecture — '+
oDS .
Chapter 4 Base Model (36) — |
Chapter 5 00-API (5.3.1) AT 2 ==
Chapter 6 RPC-API (3.2.1) — Bus
Chapter 7 ATF/XML (1.3.1) .
Test Automation System Measu :em?;?;a&s |_
Chapter 8 ATF/CLA (1.4.1) °°":_°° -
o |fuu
Chapter 9 Physical Storage (1.4.0) P B ﬂ
Chapter 10 MIME Types and External References (1.2.3) ASAP3, iLinkRT, MCD-3 MC/D .
Bus
Chapter 11 HTTP-API (1.2.0) ASAP3, ILInkRT, MCD-3 MCID "
Calibration System = a Unit Under Test
Chapter 12 Terms and Definitions S g
Chapter 13 Symbols and Abbreviations g Bus § @

& ASAM



ASAM ODS (Open Data Services 6.2.0) I TENERGY

Association Standard Specification

Serialization Upgrade required: “CORBA dependency”

“Big Data” require alternative data sources and data access methods for data analysis.
« describes the storage of the raw measurement data as provided by bus loggers from
Bus Data Model Ver. 1.0.2 vehicle networks. Currently supported bus protocols are CAN, LIN, FlexRay, MOST
and Ethernet.

* s intended as a schema to structure calibration data obtained from the calibration
process of test stand components like sensors, amplifiers, etc..

Big Data Connector  Ver. 1.1.1

Calibration Model Ver. 1.1.2

* isintended for documenting the test object geometry and for providing a standardized

ey bvelel et 1l way of linking measured data with elements on the test object geometry.

» can be used for preparation of upcoming measurement tasks as well as for
Instrumentation Ver. 1.1.0 documenting the configuration that was used to create measurement data in the ASAM
ODS storage.
« alot of simulation results and measurement data exist. Since there exist quite a lot of
NVH Model Ver. 1.5.3 software solutions for problem solving in the NVH field, being able to share data
between all these solutions is of high importance to the users of such software.

» s intended for use in cases where information on workflow within processes shall be

Ver. 1.0.1 o :
Workflow Model er. 1.0 specified and stored together with any related measurement data and results.

& ASAM



ASAM ODS Application

Tenergy Data Lake System : Architecture

QZEl (10 Cells)

Transform

Row to column
Conversion

v

Storage Formats

INDEX

3
<
<

MySsoL

{ Parquet Packed

Transport Formats
Export rules AVRO
AVRO schema Meta data
Export rules AVRO
AVRO schema dsSs Udle
Amazon S3

| Mass data

W) TENERGY

T-DATA
Console

& lasti
— %# elastic

TEMS

& ASAM



ASAM ODS Application

Tenergy Data Lake System : Data Model

evice
AcTestEquipmentPart

W) TENERGY

<< AnSubTest=>=
Test

<<parent_fest=>

=<ad=~+1d-DT LONGLONG {auiogenerated ) {unique} {ablizatory}

cqmupmpﬂ]}gupmﬂl' s
<=version_date=>DateDT_DATE {lengrh=14}
+Patm:DT_DOUBLE

~AFMethod DT_STRING {length=254)
+FuslFlowMazsurement DT_STRING {langh=154}
+AILDT, smmcgmgﬁs-u
+CyfndersDT_LON

+Bor DT ] FL-GAT
+SmokeDT_FLOAT
+Compression DT FLOAT
+ValveTrin TmingDT,_FLOAT
+VakeTainlif DT FLOAT
+VakveTrainDiameterDT_FLOAT
+HeadNoDT_FLOAT
+HeadRs:DT_FLOAT
+HeadCEDT FLOAT
+PisionBowDiameterl DT_FLOAT
+PistonBowDiameter 30T _FLOAT

{length=154]
D umedbbo-timedl)’l . DATE {leneth=30} {autogenerated}

Project

<= AoSubTest==
Project

<<AoPamameterSer-=
DiomamSet

< AoMeasurement==
Measurement

Opemtor 0.1

< Aaliser>

User

o TestCall

< AnTestEquipment=>
TestCell

= AnTestSequence=>

TestSequence

<= AoFile>>
TestFil

& ASAM




ASAM ODS Application 110} TENERGY

Tenergy Data Lake System : Data Importer
1 EMS G|O|E{ - MDF =54 AN |PEK Cl|O|E] - Binary =%

B3 MdfTools

C# CSVTool.cs

C# IniTool.cs

C® IpekTool.cs

C® JSONTool.cs

C*® ParserInterface.cs

B3 Resources

1 ucContents

3 =74 H|O]E - cvs =5 3 £ H|O|E - JSON ==oH

B ucSet

B3 util

Q App.config

B DataTest.cs

B Forml.cs

E login.cs

Q) packages.config
C#* Program.cs

B3 WaitForm1.cs

& ASAM



ASAM ODS Application 110 TENERGY

Lab Application — Chassis Parts Performance

I | = S 22 e

e S, ) No. @Eme 7\Efa e CNBZHER) T CAEZMER) 1L ABZNED) 1L AEZHED 1 NGAR Tl cAEEHS 1 cAEss 1L +BW 1L AEE=Ew) 1L AEEeE
B Azmzag > _ N 1 HBJ847 4 221..':! drag&drop drag&drop BA oK 1 1 501
2023 Z2HEZ AFHF
2 HEJE47 4 221..‘@ ZE2AH7| TS rsw. dragldrop BA oK 1 2 501
+ AGOEFYE HY -
L 27% 14007
« AlRGolH HE I\ 838.5
7004 Cycle : 2 || min:2 / max:2 / avg:2
« AlEHO|H gz2E Frequency Unit : DPS || min:NaN / ma avg:NaN
I/B Joint temperature [°C] : 16 || min:14.6 / max:17.1/ avg:15.790269151138725
o TDM AA|E 0 33 Loss [%] : -44.7 || min:-1392.4 / max:1186.1 / avg:23.478053830227946
18% M1 rotational speed [rpm] : 200.1 || min:198.6 / max:201.4 / avg:199.93830227743285
. mumal Vg 700 ,
o I M1 torque [Nm] : 0.8 || min:-0.5 / max:405 / avg:215.22008281573497
TOM S AIlINR SHAHES 1 BL7m M Ford GE2 i | | M2 Motor torque [Nm] : 0.9 || min:-1.5 / max:405.1 / avg:212.0900621118013
= I W SX2t B TESLAMODELY EEVOWOGPA 1400 tr—t—r——r——F— 1T T 111 M2 rotational speed [rpm] : 200 || min:198.1 / max:201.9 / avg:200.008281573499 S e e e s sy sy . i |
820 821 822 823 824 825 826 827 828 829 830 831 832 833 834 835 836 837 838 ¢ €] 61.7 || min:60.7 / m o 857 858 859 860 8671 862 863 864 865.3 866.6 868
. AlEEE N ¥ . - Cycle - ’: ncy Unit - 1/B J?ilw_t temperature [C] | M2 torque [Nm] : 1.1 || min:-0.3 / max:404.7 / avg:215.15942028985503 - M1 torque [Nm] - M2 Motor torque [Nm]
2023 ANE ZR2HOH Y= HY < M2 rotational speed [rpm] < M2 temperature [°C] <~ M2 torque [Nm] O/B Mode : ASR || min:NaN / max:NaN / avg:NaN
O 71zysas A =W i angle [deg] : 0 || min:0 / max:0 / avg:0

HI0|E] o] 4% . _
H101E B9l 2d Waveform Max: 0 || min:0 / max:0 / avg:0

o g2 From:[675] To:[1157] ~
=0 Step v v =g
B A2dn2 v

« AsxaER Cycle Frequency Unit 1/B Joint temperature [°C] 1/B Mode Jounce angle [deg] Loss [%] M1 Motor torque [Nm] M1 rotational speed [rpm] M1 temperature ['C] M1 torque [Nm] M2 Motor
time [s] min:2 min: NaN min: 14.6 min : NaN min: 0 min:-1392.4 min: 3.5 min : 198.6 min :59.3 min:-0.5 min:-1.5

. Aamza max:2 max:NaN max:17.1 max:NaN  max:0 max: 1186.1 max : 405.5 max: 201.4 max : 61.5 max : 405 max: 405.1

avg:2 avg:NaN avg : 15.790269151138725 avg : NaN avg:0 avg: 23.478053830227946 avg: 218.31966873706 avg : 199.93830227743285 avg : 60.080538302277446 avg:215.22008281573497 avg:212.09(

819.8 2 DPS 15.6 ATR 0 1156 55 2001 61.2 -0.3 0.3
819.9 2 DPS 16 ATR 0 -826 5.5 200.1 61.2 0.4 0.3
820 2 DPS 16 ATR 0 76.8 3.8 199.3 614 -0.3 -0.1
820.1 2 DPS 16.3 ATR 0 1271 5.5 200.3 61.4 -0.2 0.2
820.2 2 DPS 16.4 ATR 0 =511 55 2003 61.4 0.8 0.2




ASAM ODS Application 110} TENERGY

Road Application — Fleet Management

I
A

>
|m

n
ne

(
!
r

UUT(SER)

=i
v i RRER QP FRE AHA project 14§ IHA|

Z@Hydrogen-bus-test01

D & Hydrogen-bus-measuremer

a SEUYH EE —
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Road Application — Driving Durability Performance Analysis System
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