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Our R&D vision for air cargo operations and beyond:

Creating a new airport robotics ecosystem
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Current research project DTAC: 

Focus on air cargo digitization 

and automation

~ 32.000
employees

Who we are:
Fraunhofer Society (Germany)

and research centers

€ 3.4 bil.
annual research volume

76 institutes (incl. IML)

We are Europe‘s largest non-profit 
organization for applied research.

Picture: Fraunhofer IML, V. Neugebauer

Our Aviation Logistics Dept. - based in Frankfurt / Germany:

Fraunhofer IML - Aviation R&D topics

→ Focus of this pitch: our robotic developments and tests

Total funding: €13.7m.
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Generated with Fraunhofer Society‘s AI tools

Asking an AI software to design a 
ULD handling robot for airports…
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Autonomous cargo vehicles at airports worldwide 

• Increasing number of applications (61 cases in 15 countries since 2017)

• Focus on tests and demonstrations, mostly transportation cases 

• Limited transfer of scientific knowledge from other industries so far

© Aurrigo (2023)© AeroVect (2023)© Stuttgart Airport (2021)

© Frankfurt Airport (2023)

© Swissport (2022)

© EasyMile (2023)

© Fraunhofer IML, S. Beierle (2024)
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Current challenges in the air cargo industry:

DTAC research focus (2021 – 2026)

HOW can next-gen AMRs* support 

Air Cargo Handling?

©
M

onopoly919 - stock.adobe.com

Autonomous 

Warehouse Handling & 

Apron Transports

HOW can AI improve Air Cargo 

efficiency? 

Predictive 

Analytics

©
knssr - stock.adobe.com

Why is Data Sharing still so 

difficult ? 

Data Platform & 

Digital Avatar

IATA ONE Record to replace 

CargoXML & CargoIMP standard by 

2026 !

Never change a running system !

Why should I use 

ONE Record ? 

©
Funtap - stock.adobe.com

Focus today – our robotic tests in 2024:

* AMR: Autonomous Mobile Robot

DTAC focus on AI: DTAC focus on data:

Our approach: analyses based on historic cargo data Our approach: open-source server NE:ONE and IoTOur approach: R&D with own and market solutions

Photo: Fraunhofer IML, S. Beierle 
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DTAC 2021- 2024

9 Focus Analyses: Key Messages

Live data 
collection

Cargo 
data

Require-
ments

Manufact. 
and 

systems

Use cases
Value 
added

LiteratureProcesses

Ware-
house 

layouts

90% of pieces < 500 kg

Individual shipments consist of up 
to 10 pieces in 90% of the cases

Flexible usage of space; 
low degree of standardization

Focus on waiting times, unnecessary 
transports and movements

Recurring processes at 
forwarders and handlers

Limited knowledge transfer 
from other application fields

Sharpened iteratively

Focus sequences for robotics
(processes X AGV categories)

>600 systems from >130 manufacturers; 
>250 scientific sources

Direct cargo handling covers 49% of 
total work time; transports cover 7.5%

2 weeks of live data analysis with 
>150 sensors; >300h of data 
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2024: 3-month trials at MUC and STR airport with 5 robots

Our multi-robot testbed: supporting cargo flow automation

ULD: Unit load device (air cargo containers / build-up units, various sizes)
LSP: Large metal storage pallet (130 x 130 cm or 200 x 200 cm)
EPAL: Standardized wooden Euro-pallet (120 x 80 cm)

Transport of 
import ULDs to 
the warehouse

Break-down of 
ULDs, palletizing 
goods on LSPs 

Detecting ready-
to-store LSPs and 
reading barcodes

LSP pick-up and 
transport to 
storage system

Existing LSP 
Storage and 
Release System

LSP pick-up and 
transport to the 
truck ramps

EPAL pick-up 
from LSP, on-
airport transports

Single piece pick-
up from EPAL 
and handling

•Automated 
ULD transport 
and towing

•Manufacturer: 
Aurrito Int'l Plc

•Currently still 
a manual 
process

•Managing 
irregularities

•Spot (further 
developed by 
Fraunhofer IML)

•Manufacturer: 
Boston Dynamics

•Emma (retrofit 
automated 
Linde E20 
forklift)

•Provider: 
Götting KG

•Process 
integration of 
the existing 
system

•Emma (retrofit 
automated 
Linde E20 
forklift)

•Provider: 
Götting KG

•O³dyn (EPAL 
transport robot)

•Fraunhofer 
IML's prototype

•evoBOT® (single 
piece handling 
robot)

•Fraunhofer 
IML's prototype

Control system 

for the robotic 

fleet and the 

periphery

● openTCS   

(Fraunhofer    

IML’s solution)

Vision

1 2 3
4 5

Outdoor (apron) Indoor (warehouses)



Open



10

2024 Results – 2 airports, 5 robots, 12 test weeks, 674 tests, 84% success rate

26 May 2025

Pictures: Fraunhofer IML, V. Neugebauer

Auto-DollyTug® (Aurrigo)

Tests: n = 178
Success rate: 65 %
Autonomy level: 30 %

Spot® (Boston Dynamics)

Tests: n = 77
Success rate: 95 %
Autonomy level: 60 %

LindeE20 (Götting KG)

Tests: n = 202
Success rate: 86 %
Autonomy level: 20 %

O³dyn (Fraunhofer IML)

Tests: n = 146
Success rate: 97 % 
Autonomy level: 20 %

evoBOT® (Fraunhofer IML)

Tests: n = 71
Success rate: 89 %
Autonomy level: 0 %

Outdoor functionality

Load handling

Autonomy level

Assessing obstacles

Repetit. storage tasks 

Unbalanced loads

Pick-up from pallet

Busy intersections

Different shapes

Automation outside lab

1 2 3 4 5
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2024 DTAC robotic tests:

Selected partner testimonials

“
Our staff will be able to focus 
more on activities where ad-hoc 
decisions are needed.

“
By automating transports with 
robots, we can increase 
efficiency and counteract the 
shortage of skilled workers.

“
We see the potential of robots 
to support our employees in 
repetitive tasks, particularly in 
terms of ergonomic relief.” 

- Claudia Weidenbusch

- Dominik Mißkampf

- Erik Wirsing



Nairobi / Kenya, 20 February 2025

Picture: STAT Media Group

Awarded for 
excellence

Additional funding Tests widely discussed



Landside

Airside

1326 May 2025

DTAC vision: The new ULD robot shall be ‘ready for airport tests‘ by fall 2026

Next research steps until 2026:

New robot, truck-to-plane, more integrated in airport IT

Landside 
handover point: 
trucking, road 

feeder services

Indoor operations: 
Passing through 
warehouse with 

mixed operations, 
weighing ULDs

Passing apron 
checkpoint

Outdoor apron 
operations: crossing 

taxiways, passing parked 
aircrafts, participate in 

mixed traffic Airside handover 
point: highloader, 

aircraft (un)loading
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Driving Strategies for the new robot 
Challenges (1-4 / 8)

#1 Docking

©stock.adobe.com_1112720255

Docking at handover 
points indoor and 
outdoor (final approach)

Maneuvering indoor 
handover points

#2 Cargo Indoor

#3 Travel Indoor

Regular indoor routes

#4 Aware Indoor

Gate passages, 
intersections, warning 
fields, traffic priority 
passages

Pictures: Fraunhofer IML | M. Wehner, C. Blesing
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#5 Cargo Outdoor

Maneuvering outdoor 
handover points

Regular outdoor 
routes

#6 Travel Outdoor

#7 Aware Outdoor

Pushbacks, intersections, 
uneven terrain, traffic 
priority passages, 
security checkpoints

#8 Freeway

Outdoor routes with 
high velocity

Pictures: Fraunhofer IML | M. Wehner, C. Blesing

Driving Strategies for the new robot 
Challenges (5-8 / 8)



26 May 2025 16

Our vision:

New airport robotics ecosystem

Aircraft -  
highloader 
handover

Our new DTAC robotic airport 
solution (in development)

Centralized control structure for 
heterogeneous robotic fleets

Intralogistics 
indoor 

automation

Entire airport 
process flow 
(Import und Export)

Neuralgic, airport-
specific outdoor 
traffic situations

Integration of robotic 
control center and 

warehouse management 
systems

Integration of robotic 
control center and apron 

control systems

→ Transfer potential 
beyond cargo operations !

Public road 
handover
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Photos: Fraunhofer IML, | M. Wehner | S. Guth | M. Gössner | V. Neugebauer 

“… as the air cargo industry searches for ways to improve the level of its material 

handling efficiency, [AGVs*] will be an important element in the productivity equation.”

Has the time finally come?

*AGV: Automated Guided Vehicle

Reeves, J., “Automated Guided Vehicle Systems – Their Place in Air Cargo Handling”

SAE Technical Paper 880969, 1988, DOI: 10.4271/880969.



Thank you for your participation !
Contact details: 

Manuel Wehner, M.Sc.

Fraunhofer IML - Aviation Logistics

Tel. +49 (0)69 668118-359 

Email  manuel.wehner@iml.fraunhofer.de

Q&A: 
“Further development and application potential for airport robotics?”

Photo: Fraunhofer IML, V. Neugebauer
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