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PLM-SYSTEM INTEGRATED
PACKAGING PROCESS



Mercedes-Benz

Definition - Packaging Process

Packaging is the structural and geometrical assurance with regard to freedom from collisions and
compliance with distance requirements from installation spaces and, as far as technically possible,
the ability to build a vehicle on the digital mock-up.

For this purpose, components that are described using 3D geometries are arranged in the DMU
system to form a buildable vehicle. Geometries are represented in JT-Format

For the packaging examination, certain geometries are selected and combined into an examination
environment (arrangement). Three selection criteria play a central role:

= the right Construction Space
» the right Variant
= the right Revision Status
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Mercedes-Benz

PLM Integrated Packaging Process

//—\ Data preparation

* Shell geometry
* Collision calculation

\

Methods for PLM and

PLM integrated
provision of configured
vehicles and powertrain

Data preparation

* Format conversion - ' Viewer for packaging of
- Bounding boxes; 3D- e overall ve:hlcle and
maps L4 powertrain

eclipse | PLMVis
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COLLISION MANAGEMENT



Mercedes-Benz

Collision and Result Management

« Definition of the scope of the investigation (reference ve

. digital vehicle validation

e static rule-based collision calculation
 Make results available in the PLM System for rating.

* Collision and results management is
an essential part of the integrated packaging

process
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@  [Zugewiesene Regeln

Regeln, die auf das selektierte Strukturelement angewendet werden:

Strukturelement Benennung
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Mercedes-Benz

Schema - regel based collision management

Assignment of the responsible person (VKiP)

\A

Collision calculation in the high performant

processing computer pool

Compare and log the
results into the database

Collision partners



Mercedes-Benz

Packaging Perspective in the Collision Management Tool

Visualization of collisions in Body in White

Collision partners

HE R RS

Elementkennung Benennung Partner Benennung (Relation) Ergebniswvert [fmm]  Hausdorff Abstand  Status Kollision MB-KI Bewvertung  MB-KI Sicherheit  Bxt-Kl Bewertung  Ext-] Sicherheit
> ()48 A0009905025 EINMIETSCHRALBE -15,28 @ neu
A9250954544 DACHRAHMEN VO UT -15,24 (1) falsch positi..,
A9250527544 QUERTRAEGER VO FO-SITZ .., -15,21 @ relevant
.A9250706444 RADEINEAU HI ALW-TEIL ... ... -15,16 @ relevant
v @ #F A9250706444 [C581 041436 01RADEINEAL HI AU W-TEIL ... ...

()3 A9250706444, HRO5800000 RADEIMBAL HI AUW-TEIL ... NAHTABDICHTUMG AUFBAL HIIN -15,16 1.3 €D nicht relevant  unbekannt 041 unbekannt 02

(O3 A9250706444, HRO5800000 RADEINBAL HI AUY-TEIL ... NAHTABDICHTUNG SEITENWD LADES.. -7,04 1,26 €D nicht relevant  nichtrelevant Kl 065 unbekannt 044
5 [[) e A9250706444, A925026604 RADEIMEA HI AL Y-TEIL ... WERSCHLUSSSTORFEM -2,09 €D nicht relevant ..

()3 A9250706444, A925026624 RADEIMBAL HI AUW-TEIL ... ABDAEMPFUNG RADLAUF HI IN RE AL 2,67 €D nicht relevant  unbekannt 024 unbekannt 0.07
[C) 3} A9250706444, A925224204 RADEIMBAL HI ALUM-TEIL ... ABDAEMPFUNG RADLAUF HI IN RE -3, 2,87 €D nicht relevant  unbekannt 024 unbekannt 0,07
P O S S i b le ra -ti n S . [C) @ A0009907635, A925070644 RADEIMEAL HI AUY-TEIL ... LU RADLAUFABDECKUNG HI RE -1,81 13 @ relevant nichtrelevant k] 064 unbekannt 044
g . )3 A9250706444, A925071704 RADEIMEAL HI AUYW-TEIL ... LINSENKOPFSCHRALBE MIT BUND UM... -15 15 €D nicht relevant  unbekannt 032 unbekannt 04
()3 A9250706444, HR05810000 RADEINEAL HI AUW-TEIL ... WERSTRERKUMG LAENGSTRAEGER AU . -0,92 07 3 relevant unbekannt 043 unbekannt 047
(O3 A9250706444, A925026394 RADEINBAL HI AUM-TEIL ... ABDAEMPFUNG C-SAEULE WERSTAERK.. -0,18 0,15 €9 nicht relevant  unbekannt 043 unbekannt 0,85

8 ¥ A9250706444, A925071504 RADEINEAL HI AUYW-TEIL .. ABDAEMPFUMG RADLAUF HIVO OBRE  -0,13 013 €9 nicht relevant  nichtrelevant kKl 07 unbekannt 0,7

@ ﬁ @ E u Oee A9250706444, A925071384 RADEINBEAL HI ALS-TEIL ... C-SAEULE AURE -01 01 €D nicht relevant  unbekannt 05 unbekannt 0,71
O A9250504644, A925070644 FADEINBAL HI ALUY-TEIL ... C-SAEULE AU UT RE -0,08 0,07 €9 nicht relevant  unbekannt 039 unbekannt 074
e A9250706444, A925026824 FADEINBAL HI ALUY-TEIL ... RADEINBAU WO RE 004 o €3 nicht relevant  unbekannt 039 unbekannt 058
Oee A9250706444, A925071844 RADEIMNBAL HI AUN-TEIL ... LU ABDAEMPFUNG RADEINBAIUTRE -0.04 0 €D nicht relevant  unbekannt 04 unbekannt 0,89
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ARTIFICIAL INTELLIGENCE



Mercedes-Benz

Objective and benefit estimation

= Reduction of manual effort in the assessment of
collisions in the Packaging process

= Standard DMU use cases should be
automatically evaluated by the artificial
intelligence

= Quality and efficiency increase by reducing the
essential scopes

= Judgment of the user continuously improve the
Al
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Mercedes-Benz

Innovation Levels to Automate Collision Management
as Implemented in Cooperation with Invenio GmbH

1. Calculation Algorithm Dethof the™

) ) i intersection
- Intersection-JTs instead of sections ~ ||

Intersection/
- more exact intersection depth (Hausdorff distance) volume

..........................

2. Representation of the Results | : Sectional view with

collision volume and
exact intersection

- intelligent section and Detailed view with

marking of the
problematic issue

- View / Camera position

3. Automatic Rating

- Artificial Intelligence and

- learning algorithms (*in future prospective
959 ( PIosp ) Sealing systems Screws
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TECHNICAL APPROACH



Mercedes-Benz

Collision Management and Al Process

Train and Test

Feature Engineering

Tables Data

Spherical
Harmonics

Mesh extraction
fromIJT

STEP 6

Data Extraction

* Train Test
STEP 5 * Hyper Parameter tunning

* Pre-Processing
STEP 4 * Prepare final data for Al

« Data Transformation
* Tabular data
* Database Tables

STEP 3

* Convert 3D Data
into numerical

STEP2 coefficient
¢ Extract data
—{ TR using JT
* Gathering data Open Toolkit

from various
collision jobs



Mercedes-Benz

Input Parameters to Train the Neuronal Network and Results

Parameterization

Coefficients

Collision partners in Processing

Engineering Client
I e b |
i R R1 I
Ve 1—— - -——-- I R2 1—— - -——-- I :
I 1 [ 1 [
. : : : 3
| V4 1 1 R4 1 '. % 1 .
i SIE1 . oo
| | | L & |
| —— 1 | — 1 i | |
I Extracted : : Vertices in : ¥(60,4) = NP P {con e : .
| Vertex | | Spherical Co- L I 1
I Points | Spherical | ordinates | Spherical Harmonics | |
I [ [ I [ |
I |

Algorithm in STC for the calculation of Spherical
Harmonics

Intersection volume from
collision calculation

Output Schematic representation:

sour COVeEww

Schematic (The more coefficients are used the
representation better the form will be reproduced)

(purple)




Mercedes-Benz

Neural Network: Binary Classification

Accuracy ~86%

. ROC Curve
Supervised Approach
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3D Files Coefficient
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v B A9100010098 -9.57 € relevant BdnmzQdwgut1-usr_wgubwx4



CHALLENGES AND WAY FORWARD



Mercedes-Benz

Open points and development possibilities

* Increase the data basis of the Al

 Increase the Input for the neuronal network (Material information, Nomenclature, Main Module,
Organizational Unit or Project)

* Learning Al - improving continuously based on the rating of the users
« Automatically evaluations of collisions with an Al confidence above a certain threshold

* Performance improvements
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Mercedes-Benz Packaging Process - Collision Management 4.0

Digital Construction Space - Freedom from Critical Collisions - Efficiency

Installation Space Analysis

Collision Check

M RINES)

Minimum Clearances

N
(&

Penetration Analysis /

()

4

(e

Feasibility Assessmenﬁ‘

&

Process Reliahility

(e

! Concept ’ Development

Al-Supported Packaging Process - Collision Management 4.0
From the intersection to the intelligent rating

1 Intersection Detection 2 Mesh Generation K]

Integration into the Development and Production Process
End-to-End Digital Process with Highest Data Quality

P> E > - B - ﬁ‘*

CAD /JT Packaging “.. Collision Approval &
Data Analysis ~  Management Dowmentabon lntegrabon
“ - - - Ty | & "

. uﬂ-u-:
Dlgltal Twin | Continuous Processes | Collision-Freedom | Quality | Efficiency

Spherical Harmonics

4 Al Rating (Neural 5 Automatic Rating 6 Database Update
Network)

‘ ‘ KOLLISIONSBEWERTUNG
Konfidenz 96% }
L= ___________—=J

///7//'()

Objective: self-learning Al

- continuous improvement through feedback
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