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Why I chose this specific project

Project Portfolio Intra Logistics Simulation and Analytics
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Strategic importance / Impact
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Mercedes-Benz Vans Simulation Team

Our Team is allocated as a central function within the Van/Operations Organization

Mercedes-Benz Group AG (Holding)

Mercedes-Benz AG

Van Organization Passenger MB Mobility AG
. Cars
Operations Proqluctiqn of each plant Organization
——1— Sales — Engineering
— Strategy QM _
R&D ——— Operational Excellence = our Simulation Team Joint Ventures

stics

- Intra Logi
T8

[...]
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Mercedes-Benz Vans Production Network

There are 6 main production facilities, all supported by our simulation team
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Mercedes-Benz Plant Diisseldort
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Mercedes-Benz Plant Diisseldort ein Assembly Snop
| plant structure and overall situation Bridges for Material

GroundFloor 1 Floor: logistics Transport to Body sorter
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Project Plant Consolidation Center (PCC)

Building a new logistics hall that handles all material inbound

Background Information on Project

Question und

Purpose of the Analysis
= Inbound process for Van.EA

o production Material; GLTs = Concept validation
P (Containers) should arrive in PCC = Digital validation of planning along
outside of plant-area with the planning process
= From there, material should be > - Decision support

transported in logistics hall first
floor using AGVs, lifts and a bridge.

= [n the first step, most material will
be unloaded from AGVs in logistics
hall

‘ TIT .

- - ‘
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Decision for an iterative approach

Main challenge: only few information at the beginning of the project

Iterative Approach Kick-Off

- Step 1: Choose a specific question, to be answered ‘I
~ Step 2: Start with a kick-off, ANALYSIS % H DATA PROVISION

clearly setting the target / expectation for this iteration ‘

- Step 3: go through regular simulation project cycle ” '

- Step 4: set results as new standard
VALIDATION ~ MODELLING
- Step 5: Repeat ‘ ‘

|
VERIFICATION
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Avoiding to constantly get new requirements

small widget in first meetings to constantly show project status

T Palette X
Favorite

* w Last used

D | @ Function

wl | © Variable

A @ Py Communicator
— | @ Parameter
i Aa Text

= O Select QOutput
4 | O Agent
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provision of information &
purpose definition

+

[ implementation

in simulation model ]
+
Fd
verification

(no bugs in model)

validation of output
(comparison with reality)

+

[ experiment and analysis )

Status in current iteration

Target: customer knows at all times where we are currently
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[teration 1
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Mercedes-Benz DATA PROVISION

[teration 1: Bridge design - 2 or 4 lane bridge?
Most urgent topic: building application

relevant to the question

- Number of containers that need to be transported
Leglisities el - AGV speed and failure behaviour
- How many containers per drive per AGV?

extension

not yet very relevant to the question

- Layout of PCC
- Storing / Retrieval Process
- material inbound process (Trucks arrival)
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MODELLING }7 )

. ot b
I 1 ° h d ] AUSFALL-VERHALTEN LIFTE
eration 1: The mode __
[ . Morcdasbens wopmly= 1y
i ? l = VALIDATION AUSFALL-VERHALTEN AGVS
| 3d View | 2d View | Logic {
| |
Arrival Rate per Minute e s J T | Ausfallcate: Verteilung der Reparaturzeiten:
9-00 100 160 o b7 | e it Austl] e | -
& 4 & - — oy > SR VS—— also X Ausfalle prg| == s i

Anzahl Fahrspuren O+ Oz ;S Aus diesem Ve
A7 * Da es sich bei L|
. [ Ignore Collisions of forklifts Y —— R e e
Option to use 2 or Wiss
2 A Die mittlere Ausfallrate betrigt 1/& = Y pro Stunde. Der Ervartungswert der Aufallzeit {(MTTR) liegt bei ¥ min.
4 la n e S O n b r i d e % P / X% der Ausfille dauern zwischen X und ¥ Minuten,
g ” Aus diesem Verhalten ergibt sich eine (experimentelle) mitverfiigharkeit von ca Y%

@ lesdTime GLTs from WH so H151 1375

Right Uit Lottt

Great focus on validation
of AGV and lift breakdown

\.W,W behaviour

@ Forkif et PCCO @ Forkift Fleet PCC 1
© Forkit et POC2 - @ Forkif Floet H1510
inPCC @ Forkift Feet H151 1 @ Farkift Pleet H1512

Standard Anylogic
Lift object

Statistics with
relevance to lead time
and breakdown
behaviour

Stations modeled with L R
pallets on conveyors
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[teration 1;

Maximal throughput was evaluated

200

150

100

auwill pea’\ l-\D ueai

- Lead-Time increases rapidly at a specific @
throughput

The impact of the number of driving tracks
on bridge is neglectable
—> lifts are the bottleneck

- they smoohly distribute AGVs on bridge

Spread of different seeds relatively high
—> in border area high sensitivity to radom failures

Final Result of evaluation:

A two-road bridge is sufficient
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[teration 1: Omniverse integration to showcase concept

A good visualization is advantageous during concept phase

~ Anylogic standard lift
5= objects

Conveyors
at stations

Up to three containers
per AGV

"AGV" (https://skfb.ly/oTvEs) by lazier6666 is licensed under Creative Commons Attribution (http://creativecommons.org/licenses/by/4.0/).
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[teration 2
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[teration 2: lift design

Replacing standard Anylogic Lift objects with custom made lift objects

S~ o 2

’ ne - o =
’nﬂ\‘.&“"“& f“lﬁ
- ‘r—.

"AGV" (https://skfb.ly/oTvEs) by lazier6666 is licensed under Creative Commons Attribution (http://creativecommons.org/licenses/by/4.0/).
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[teration 2: the model

lift objects and stations were adjusted

Number of tracks Rl e 1 el o e
on bridge fixed (2) | momcom o

Custom lift objects
for testing
different scenarios

| I II More advanced lift
o /Statistics

Stations without
conveyors (AGVs
are loaded directly
with FL)
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[teration 2: Analysis Impact of Lift Failures on Delivery time

Fast Recoveries of Lead-Times after Failure

O i IR P \‘.......?_,.«.,,_\v_\ AMs 6e AMAES Aum s 800408 MMM AN b Gams MEAAN 4 B 66 48 @ M ds bes (a4  sue
2000 2 2353 - \—/ 2.400 2.600 2,800 3.000 10
\ @ leadTime GLTs from WH to H151
ift breakdowns

No Recovery of Lead-Times after Failure

Lift Breakdown

- Plotting Lead time of each GLT
- Using this chart, we could visualize the ,recovery time* of the system, after a lift failure
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Sensitivity Analysis: Door opening Times

IdlePercentageRight

We found that door opening times have a significant impact on
lift utilization.

- Recommendation was to clarify as early as possible with
supplier, if expected door opening times can be reached.

LeadTimeaMean
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Lift Analysis: Example - Two bidirectional Double-Lifts
25% . Moving Full Double 200.57 (6%)
@ Moving Full Single 616.85 (18%)
0 Moving Idle 242.42 (7%)
20% @ Door Operation 697.42 (20%)
Loading and Unloading 1,084.16 (32%)
15% Waiting Idle 544.37 (16%)
@ breakdown 19.2 (1%)
10%
59% @ Moving Full Double 191.03 (6%)
° @ Moving Full Single 631.11 (19%)
Moving Idle 245.33 (7%)
0% @ Door Operation 699.33 (21%)
10 Loading and Unloading 1,087.99 (32%)

Waiting Idle 518.05 (15%)
@ breakdown 13.93 (0%)

@ leadTime GLTs from WH to H151

- Lifts have 15% idle-Time and are only half loaded 75% of the time
- Inefficient, but most secure process
- Lift breakdowns can be fully compensated by second lift even for longer breakdown periods
- Shortest Average Lead-Time (X min)
- Most expensive Scenario
- Crossing AGV Tracks
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Further Scenari
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[teration 2: Comparison of all lift options

Final recommendation based on fife different aspects

Breakdown Lead-Time No crossing costs (expect.)
Compensatlon AGV Tracks

1) Two Bi-Directional Double Lifts

2) Two Uni-Directional Double Lifts O (o (o) (o)

3) Two Bi-Directional Single Lift (o] (0] ) 4 o]

4) One Bi-Directional Double Lift X X o)
low risk or good X risky or bad O neutral

Summary and Recommendation:
All scenarios generally worked but Scenario 4) was not recommended due to a very high utilization and a big risk in case of failures
Scenario 1) was the safest version and was preferred, if price similar to other scenarios
Scenario 2) and 3) are equally feasible from a throughput perspective. 3) had better lead-time but 2) has the advantage of no crossing AGV-Tracks
ITERATIVE SIMULATION IN DYNAMIC PROJECTS / 2026
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Fast Forward...
3" and 4t iteration - choosing best rack orientation and best location for an
autonomous warehouse based on Forklift utilization

Goods incoming

types with more _
detailed layout o

Process
= i Truck Unloading Process
| |

Lift and Bridge -l E E | ﬁ ! l
alway stay the same s N MIMINIE _.—_'ﬂ-—r il - . .
acc to first iterations - - - ”? . -1 [ f=] - Testing d|ffferent

-l el scenarios for

i o el % % | Autonomous

R > "= = warehouse location
Different warehouse L l;%-RQCk S EL L Regallager, o

¢

' 4
ol =

FImEEy
==

More detailed

Different container types .
station layout

(Forklifts sometimes can
carry more than one at a
time)
Supplier area
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Versioning and collaboration

Git is used to avoid version chaos and keep control with different scenarios

Repository: W065_PCC-H151_Bridge

Id
aad81c’?
3102897
f927641
Oeeefd’
26ac3f7
36d58b0
71bed82
cfadd4b
c525cab
388dafc
1d43f77
a436bbb
beebdb3
1642c38
c329fed
d884a30
dfa2294
cd1baeb
641cf81

Message

o guotation of 80/20 with and withouth automatic glts implemented

o started with new 80/20 Truck assignment logic. Batching needs refactur

9 non-stable: layout adjusted and storage distribution implemented Example:

© non-stable: remodeled to new layout - Creating new branch for testing a specific scenario (here: manual Storage)

9 non-stable: changed block-storage with reqular and - After scenario has been tested. If we do not follow-along with a

© adjusted run config specific scenario, the branch is not further developed and eventually delted

0—0—0—0—0—0—0—=0

(v9.1.1|(manualStorage adjust fleed Eity inbount to 8

adjust run config
adjusted fleet si

Version naming convention:

Manual Storage implemented —> Major update, always merged to Master branch

yard moved to the middle Minor update, usually only in dev_branch

(9.1 .3:||‘0rigin,"dev_a uto...]changed layout so that AY is on top Comparison of different scenarios
9.1.2 :|mcrved autonomous yard to middle and added conveyors | .

{

9,1.2 |

Lifts now have a home position where they return to

LS

included output file generation for fleet utilizations

adjusting Truck arrival lane

added names to nodes and adjusted run-config plus parameter assignment
|@intmd uced stats reset, increased inbound fl fleetsize to 8

ITERATIVE SIMULATION IN DYNAMIC PROJECTS / 2026



Public

Mercedes-Benz

Versioning
Alignment of Anylogic Cloud and GIT

Id
946b290
563465b
9104782
7068add
485984c
156a746
dcd9a74
db3f3b9
95079c5
6dbbfle
6e30d82
902895e
22a218d
24c2309
037d12a
369a85f
2c5df1d
fbbcéed
63a4208
c26cabf
f116fb3
ebcebic
40c70fd
80cab11
59ec28e

Message - Versions, that are published in cloud, get a GIT tag

-—0—0—0—10—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0=0

improved Truck Arrival by use of road traffic library _ VerSionS in AL'C[OUd get the VerSion name
i d truck unloadi . . . . . . .
mprovee T moading - Description field in AL-Cloud is used to describe main updates for end-user

non-stable: Truck unloading under development
reorganized Truck inbound streets, not working
debug arrival statistics

smaller adjustments. Arrival statistics not going
Truck Process drafted = =)

implementation of storage systems

o NCW e XDETEn General Versions Sharing Custom Ul Comments

update to Version 8.9.5
maodel made ready for cloud » V6

Model name WO065_VANEA_pccBridge
option for unidirectional lifts included Experiment Categories Transportation and Logistics v
- : : Simulation
adJ usted run configuration
. . . . . i Application areas
Included option to activate and deaktivate double lifts and no lifts Experiment ppication are
- . Simulation
Refactoring LiftStatechart and ProcessFlow complete, stats open simulation methods Agent Based, Discrete Event o
Statechart in rebuild Impact of AGVs Repli...
] o Variation with replications Tags
started refactoring statistics
Include Lift Control Agent in Markup. Improved Failure behaviour. + New experiment
improved liftMarkup: id now set automatically Ve
s ) . S g

Sensitivity Analyse hinzugeflgt 7 months ago Description
some layout improvements performed =+ New experiment V6.4 include option to use unidirectional lifts -
bUg fixe non—reprod ucible runs V6.3 include option to use 1 or 2 lifts, activate or deactivate double lifting, improved lift statistics (incl door and loading operation)
- o V6.1 teorganlzed Parar}wetelrs - ! o o
V6.2 |ladded agv buffer statistics > b V6.2 lifts only operate if exit is free, added agv buffer stats, further bug fixing of lifts stopping in certain situations

o 7months ago V6.1 Bug fix lift stops after breakdowns '
added agv Buffer statistics V6.0 double lift included

=+ New experiment V5.0 Pallet pickup logic adjusted and shift schedule implemented

fixed omniverse presentation bug in unloading H151 V4.1 improved statistics overview

e n
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Looking Back: Decisions after each Iteration

15t [teration
Focus: Bridge

How many lanes on
bridge are needed?

X

” 4 lanes L

Gl

A 4

2nd jteration
Focus: Lifters

Which lifter design is the
best to choose?

2 bi-directional 2 uni-directional
double lifters double lifters

31d jteration . 4% jteration

- 2 b-directional 1 bi-directional
single lifters double lifters

Focus: Layout Automated Yard
) ) How to design and what
Which Layout is the is the impact of an
best? automated yard?
Central position, half automated

3 stations

vertical

2 stations |~

horizontal

3 stations

horizontal
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Trying to avoid constantly increasing complexity of model

It feels natural to simply add more and more functions to a model

Complexity

4

A

Phases of active
complexity reduction

—

Challenges

No active contribution to
current questions

Feels like a ‘waste of time’
No short-term benefit

Deleting hurts

Nobody likes cleaning-up

[

\ g

iteration 1

iteration 2

iteration 3

iteration 4

| [.]  Time
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Data Provision Phase can be used for Active Complexity reduction

Getting rid of stuff that is not needed in the next iteration

Kick-Off

ANALYSIS % “ H DATA PROVISION /

‘ +ACTIVE COMPLEXITY REDUCTION

VALIDATION %

Y ~ MODELLING

Ve |

VERIFICATION
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Further Iterations
5" Iteration: 6t Tteration: 7t Tteration: 8th Jteration
—  Station-logic + Number of Number of
Number of AGVs Automatic Forklifts
sequence AGV thd...
finished April 2025 finished Aug 2025 work in progress.... outlook
Refine the station concept - Find out number of - Find out number of - Impact of Traffic from
Find out necessary autonomous Forklifts AGVs for sequence logistics hall to
number of AGVs in automatic warehouse delivery production hall

— + Construction Site Traffic Simulation

+ Warehouse optimization (Machine Learning) %i-%é} % .-
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Impact of having 3 specified models instead of one

better 3 models in green zone, than one model in red zone

Complexity

A

P2
P3

P4

== -

P11

P12

P1 combined,mpdel
(\_,II ’P_8 ______________________
i +Warehouse Optimization i
P5
P6 | E
P9 :\ PCC E
Traffic +i

[

»

Strategic importance / Impact

+New Project

Plant A
Case related projects

Plant B
Plant C
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Thank you!

Presenter:
Robert Aschenbrenner

Simulation Specialist
Mercedes-Benz AG
robert.aschenbrenner@mercedes-benz.com

This is an optional footnote. Use it however you need.
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