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

Creating a new airport robotics ecosystem
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Our Aviation Logistics Dept. - based in Frankfurt / Germany:

Fraunhofer IML - Aviation R&D topics

Sponsored by
Federal Ministry
for Digital

and Transport

y DIGITAL
TESTBED
AIR CARGO

Who we are:

Fraunhofer Society (Germany) 100%

Aviation Logistics

~ 32.000

Aircraft
employees

Terminal

Pre and On Carriage

€ 3.4 bil.

annual research volume

We are Europe’s largest non-profit
organization for applied research.
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Asking an Al software to design a

ULD handling robot for airports...
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© AeroVect (2023)

Analysing pain
points,
requirements
and solutions

©'Swissport (2022)

Phase 2: Testing
& demonstration

Integrating
technology into
existing systems

and processes

Adapting
operations for
long-term
implementation

Increasing the
fleet and/or
optimizing
operations
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Current challenges in the air cargo industry:

DTAC research focus (2021 - 2026)

Focus today — our robotic tests in 2024:

DTAC focus on Al: DTAC focus on data:
HOW can next-gen AM l) HOW can Al improve Air Cargo t) Why is Data Sharing still so
Air Cargo Handling? ¢ efficiency? ¢ difficult ?
Autonomous o -
Warehouse HanGitE Predlcjclve Data Platform &
Apron Transports Analytics

Digital Avatar

o Text £ @
lllllll Filter for Air Cargo Fostive

®
Negate

Christmas, Boxing day sale, etc? @

Neutral

Dates: 01-01-2022, 04-02-2022, etc. L
—— == ONE Record ?
== New year, Easter, Strike, Recession, Inflation?
& Fraunhofe Photo: Fraunhofer IML, S. Beierle
Our approach: R&D with own and market solutions

Our approach: analyses based on historic cargo data

Our approach: open-source server NE:ONE and loT
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DTAC 2021- 2024

9 Focus Analyses: Key Messages

2 weeks of live data analysis with
>150 sensors; >300h of data

—0

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

« <4

Individual shipments consistof up ¢ ®
to 10 pieces in 90% of the cases Manufact
—® Cargo Live data p e o >600 systems from >130 manufacturers;
an L
0 : data collection >250 scientific sources
90% of pieces < 500 kg *—— systems
: : Ware- -
Flexible usage of space; : ¢ | Value Use tasek , Focus sequences for robo‘t|cs
low degree of standardization ouse added (processes X AGV categories)
layouts

Focus on waiting times, unnecessary e ’
transports and movements

\ Require-

Processes Literature equire
Recurring processes at ments Sharpened iteratively
o ——0

forwarders and handlers

!

Limited knowledge transfer
from other application fields
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2024: 3-month trials at MUC and STR airport with 5 robots 4

Our multi-robot testbed: supporting cargo flow automation

Control system

. ® openTCS
for the robotic v
(Fraunhofer
fleet and the R .
T\ . IMLU’s solution)
periphery
T SEEGEESENESEES

\Outdoor (apron) Indoor (warehouses) / f

., © o
W K- -

Transport of Break-down of Detecting ready- LSP pick-up and Existing LSP LSP pick-up and
import ULDs to ULDs, palletizing to-store LSPs and transport to Storage and transport to the
the warehouse goods on LSPs reading barcodes storage system Release System truck ramps

EPAL pick-up
from LSP, on-
airport transports

Single piece pick-
up from EPAL
and handling

eAutomated eCurrently still eSpot (further eEmma (retrofit *Process eEmma (retrofit *0O3dyn (EPAL *evoBOT® (single
ULD transport a manual developed by automated integration of automated transport robot) piece handling
and towing process Fraunhofer IML) Linde E20 the existing Linde E20 robot)

forklift) system forklift)

eManufacturer: *Managing eManufacturer: eProvider: eProvider:
Aurrito Int'l Plc irregularities Boston Dynamics Gotting KG Gotting KG

eFraunhofer
eFraunhofer
IML's prototype

IML's prototype

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

Auto-DollyTuge (Aurrigo) Spote (Boston Dynamics) LindeE20 (Gstting KG) 03dyn (Fraunhofer ML) evoBOTe (Fraunhofer IML)
Tests:n=178 Tests:n=77 Tests: n =202 Tests:n =146 Tests:n=T71

Success rate: 65 % Success rate: 95 % Success rate: 86 % Success rate: 97 % Success rate: 89 %

Autonomy level: 30 % Autonomy level: 60 % Autonomy level: 20 % Autonomy level: 20 % Autonomy level: 0 %

Q Outdoor functionality Q Autonomy level 0 Repetit. storage tasks 0 Pick-up from pallet Q Different shapes

° Load handling 6 Assessing obstacles 6 Unbalanced loads 6 Busy intersections e Automation outside lab

Pictures: Fraunhofer IML, V. Neugebauer
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2024 DTAC robotic tests:

Selected partner testimonials

& » -

w

CarcOcaTE Our staff will be able to focus

more on activities where ad-hoc
decisions are needed.

Claudia Weidenbusch

- Claudia Weidenbusch

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

)
A
Dominik MiBkampf

Managing Director

- . CHI MUC Cargo Handling GmbH
- Dominik MiBkampf
o i »

b [DB] SCHENKER 1 | | 14

-

. 2

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

Erik Wirsing

VP Global Innovation
Schenker AG

- Erik Wirsing
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Next research steps until 2026:

<
New robot, truck-to-plane, more integrated in airport If‘ «
DTAC vision: The new ULD robot shall be ‘ready for airport tests’ by fall 2026 4 < 4

Indoor operations: E E m
Passing through
warehouse with
Landside
handover point:

CarcocaTE
mixed operations,
weighing ULDs
trucking, road
feeder services

Passing apron
checkpoint
L] L]
Airside

Outdoor apron

D ssaasEnen D
operations: crossing
taxiways, passing parked
aircrafts, participate in
h/‘ AeroGround

mixed traffic

Airside handover
point: highloader,
aircraft (un)loading
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Driving Strategies for the new robot
Challenges (1-4 / 8)

Docking at handover
points indoor and
outdoor (final approach)

Regular indoor routes

Indoor

1”

Gate passages,
intersections, warning
fields, traffic priority
passages

Maneuvering indoor
handover points

Pictures: Fraunhofer IML | M. Wehner, C. Blesing
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Driving Strategies for the new robot
Challenges (5-8 / 8)

#5 Cargo Outdoor

i -V
30
\ \ >
*
\

#_7 Aware Outdoor

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

Maneuvering outdoor
handover points

! ————

Outdoor routes with

Regular outdoor e

routes

Pictures: Fraunhofer IML | M. Wehner, C. Blesing
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New airport robotics ecosystem

Integration of robotic
control center and apron
control systems

Centralized control structure for

Neuralgic, airport- heterogeneous robotic fleets

specific outdoor

traffic situations l

|

ol
% Entire airport

e —

process flow

=
g

(Import und Export)

Aircraft - N Intralogistics
highloader = d indoor
handover automation

Integration of robotic
control center and
warehouse management
systems

Public road

handover

solution (in development)

| Our new DTAC robotic airport
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Thank you for your participation !

Contact details:

Manuel Wehner, M.Sc.
Fraunhofer IML - Aviation Logistics

%
SEES) TESTBED

+49 (0)69 668118-359
manuel.wehner@iml.fraunhofer.de
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Q&A:

“Further development and application potential for airport robotics?”
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