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Review and Outline
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The overall project aim is to develop adaptive autonomous driving
functionality (come-with-me, CWM) for cargo bikes.
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Eaasy System delivery concept: [ - o@m = $I88
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Review and Outline
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(To what extend) Will our system improve the economic viability of urban

e | Review: COMEC 2023

Electrification and automation are considered key technologies to face the ~ ion 5
varietv of challenges' in urban commercial traffic’... /J

= CUEAASY [QEEEE  vuveromn conicrn s S i = ey ystem

DeinEe p— | » Research project: EAASY System

N e  Simulation model for calculating potential
APPLICATION R GOODS BELVERY ., - time savings and return on invest
S " (conceptual model)

1 EAASY 2025

O\—0 system

2023

Outline: COMEC 2025

. . . Evaluating Adapti
1) Technical implementation utomated Cargo B

Automated Cargo Bikes for %%
Urban Freight Transport: . .
A Simulation-Based Study CONVENCION

in Magdeburg, Germany CIENTIFICA
INTERNACIONAL

2) Simulation model:
Implementation and validation

Malte Kania
Otto von Guericke University Magdeburg
23.10.2025

3) Conclusion and outlook

“Por una innovacién sostenible”

Malte Kania | Otto von Guericke University Magdeburg | 23.10.2025



Technical Implementation

Computing and Networking =
ensors

Control unit for drivetrain,

. . T 1P
steering, vehicle M

» \ Steering

Brakes

Drivetrain

Parking brake
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Bike is equipped with:

Actuators and sensors
Envionmental perception
Computing technology

Bus system and networking

CWM functions impelemented on
production vehicle:

Speed up to 6 km/h (~3.7 mph)
Activation via push of a button or per
voice

Seperate modes for manual and
automated driving

Safety measures in hardware and
software



Simulation Model: Implementation

Modules:
CachebManager @
MetworkiManager @
O5RMManager @

Modules:
VehicleCatalog @
VehicleType @
ServiceTimes @

Qutput:
Vehicle Ranking &
Cost Analysis &

Modules:

@ LocationManager
@ AddressParser

@ GraphParser

Modules:

@ MatrixCVRPSolver
® RouteOptimizer
@ Solution

Metwork Data 2 Location Generation
From Cache Manager Addresses & Hubs
¥
Vehicle Configuration ? Route Optimization
From Vehicle Catalog CVRP Sobver
¥
Modules:
@ StateMachine
'{ﬂ} @ DurationCalculator

Simulation Engine
State Machine & Activity Tracker

4

Performance Evaluation
Metrics, Costs & Emissions

@ MetricsEngine

@ ActivityTracker

@ BEventHandler

@ SimulationEngine

Modules:

® DeliveryEvaluator
® CostCalculator

® EmissionCalculator
@ ActivityAnalyzer

@ ResuliVisualizer

Vehicle Comparison
Operational Efficiency by
Vehicle Type
Data Process Vehicle Simulation

CWM Distance
Optimization
Optimal Thresholds by Density

Analysis

Total: 30+ modules across 3 major system compeonents
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QOutput:
@ Density Analysis
@ Threshold Curves

Data

- Network manager: Manages road network and location data and
access to distance matrices

« Caching system: Optimizes performance through local storage of
pre-calculated data
Venhicle Modeling

« Flexible vehicle types: Delivery vans, cargo bikes, and automated
cargo bikes

« Detailed parameters: Capacity, range, service times and operating
costs, emissions
Route Optimization

« Implementation of the Capacitated Vehicle Routing Problem
(CVRP), integration of OSRM (Open Source Routing Machine)

« Fleet optimization: Distributes stops evenly among available
vehicles
Simulation

« Detailed modeling of all delivery activities, captures time and
distance metrics for each activity

« Realistic variations in service times and customer availability

Performance Analysis

« Stops per hour, packages per hour, cost per package.

« Calculates fixed and variable costs based on operating parameter
« Compares performance across different scenarios



Simulation Model: Service Times

2023
02/2023 | Planning Workshops i _ _
« Definition of processes and working cycles 02/202_3 | Field Observations |
 Requirements definition, Design of data collection * Validation of data collection design

¢—— 03/2023 | App Development
* |terative development of a mobile app for data collection
* Ongoing tests and adjustments

Entnehmen, Sortieren,
Zuriicklegen

Laufen

E
i ===
i

Warten, Suchen

Scanner bedienen (im Stehen)

08/2023 | Final Preparation ¢ -
 App development completed
* Final coordination of data collection

¢ 08/2023 | Delivery Personnel Workshop
09/2023 | Start of Data Collection ) e Briefing on app usage and data collection
* Initially accompanied by research fellows from OVGU procedure

* Subsequently independently by delivery personnel

Pick
letter/parcel

Walk to Make Walk to

<L Drive*
© consignee delivery* vehicle

including getting

‘ .‘} on/off the vehicle
Previous ‘
work cycle

Delivery person
with GPS tracker

Next work
cycle

In vehicle At vehicle Walking Walking At vehicle

Time stamp
GPS location

r=

Accompanying
person with data
collection app
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Simulation Model: Service Times

2023
02/2023 | Planning Workshops ) .
*  Definition of processes and working cycles 1 02/2023 | Field Observations ‘
»  Requirements definition, Design of data collection *  Validation of data collection design
¢—— 03/2023 | App Development

* lterative development of a mobile app for data collection
* Ongoing tests and adjustments
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08/2023 | Final Preparation -
*  App development completed
* Final coordination of data collection

¢ 08/2023 | Delivery Personnel Workshop
09/2023 | Start of Data Collection e Briefing on app usage and data collection
e Initially accompanied by research fellows from OVGU procedure

* Subsequently independently by delivery personnel

4 Drive* Pick Walk to Wait Make Walk to Sort
O . including getting letter/parcel | consignee delivery* vehicle
ﬁ on/off the vehicle
Previous Next work
work cycle cycle
Delivery person
with GPS tracker
In vehicle At vehicle Walking Walking At vehicle
___-
. — Time stamp
GPS location
® ‘ @ @ @ @ L o

Accompanying
person with data
collection app
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Simulation Model: Result

. eaasy_system/evaluation

1Sy

Bundesministerium
fiar Wirtschaft
und Klimaschutz

aufgrund eines Beschlusses
des Deutschen Bundestages

EAASY System Simulation Dashboard

Simulate and Optimize Urban Delivery Routes

| & §dERASY

]
I\.H

This platform allows you to:

EADSET
9 @ ol @) Q @@ —_ » Compare different vehicle types (van, cargo bike, automated cargo bike)
éﬂ_ iH ﬁ s  Optimize CWM thresholds based on stop density
HUB COMEITHME. DELIVERY PARCELS S GELEEEEEEE CC P PR PP T :’f‘m';“ R « Analyze delivery performance metrics
PERSON ool .
CARGO BIKE \‘ * Visualize route efficiency
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DESIGN: DEVINA ILIEVA

Getstarted » Note: This tool isn’t online at the moment; it can only be used on a local PC.
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Simulation Model: Result

. eaasy_system/evaluation

Gedtrdert durch:

Q Bundesministerium
fir Wirtschaft
und Klimaschutz

aufgrund eines Beschlusses
des Deutschen Bundestages

Select Location

Existing Postal Codes  Add New Postal Code

Select state:

sachsen-anhalt

Select a postal code:

39104

Continue to Analysis

S ERASY

Note: This tool isn’t online at the moment; it can only be used on a local PC.
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Simulation Model: Result

. eaasy_system/evaluation

s SaEmnsy
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Analysis for Postal Code 39104
Street Network

Network Overview =

Ao

6.27 km?

Addeiss Density

627.86 /km?

Layer Selection

Sahect netweck Layer
I

Al

(_ Drwing

© cyding

" walking

Layer Statistics
Toral lorgin

152.71 km

nsrsectionG

1996

43399.54 km/km?

Select Experiment

Vehick Comparisca CWM Threshold Optimization

Vehicle Comparison CWM Threshold Optimization

Compare the perfcrmance of different vehicle types {van, cargo bike, cango bike) differe P | o y, coat, and metncs. Determine the optimal Courser Walks ta Me {CWM) threshold distance for sutomated cargo bikes based o - Opt 4 y by balancing driving and walking time=.

Configuration

Conliguration
© use Dobult Configuraton

" Customize Configuration

Note: Running cxpeniment may take 3 fow minutes.

Note: This tool isn’t online at the moment; it can only be used on a local PC.
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Simulation Model: Result

Cost Per Parcel by Stop Count
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Experiment: Vehicle comparison for different stop densities in postal code area 39104
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Conclusion and outlook

Ongoing projects:

« Aura-HWB: Further development of hardware and
software; Goal: Make technology market-ready

« AuRa-Hirn 2: Transfer of technology to other areas of
application, e.g. city cleaning, hotels and campsites COMEC

2026

2025 2027

¢ Simulation modell:

« Cooperation with other logistics service providers to further
refine models

« Qutlook: Further develop the model within future projects -

Cd
]
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Muchas gracias

Contact: malte. kania(at)ovgu.de

Further information: https://www.aura.ovgu.de/
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