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The Fraunhofer-Gesellschaft, the largest organisation for
applied research in Europe
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Non-profit organisation, neutral and independent

More than 80 research facilities, 66 of which are
Fraunhofer-Institutes

Nearly 24,000 staff, mainly with education in sciences or
engineering

Over 2 billion Euro research volume each year, of which
1.7 billion Euro in the area of contract research.

2/3 of this volume are generated with orders from industry
and with publically financed research projects.

1/3 of it is contributed as basic funding by the federal and
state governments.

Affiliated international research centers and represen-
tative offices provide contact with the regions of
greatest importance to present and future scientific
progress and economic development
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The Fraunhofer IML — Data and Facts

Founded in 1981

More than 200 scientists and 250 student assistants
Turnover of 25 million € (2015)

There of 40% from industry, trade and services

Branches and project centers in Frankfurt am Main, Prien am
Chiemsee, Hamburg

Cooperation with HSG St. Gallen (Switzerland), Georgia Tech (USA),
Universities in Lisbon, Shanghai (Tongzhi), Rio de Janeiro
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The Fraunhofer IML in profile

Services from planning to realization
Customized individual solutions
Capable of innovation, creativity and scientific competencies

Long-standing know-how about consultancy, projecting and
realization

A partner for all tasks in the field of material flow and logistics
Future-proof investments according to the latest state of the art
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AGV Competence at Fraunhofer IML

Systematic planning of AGV systems
Technology consultancy for AGV manufacturers and potential AGV users

Preparation of specification documents and tender documents, implementing
the tendering procedure, supervision of implementation

Analysis, assessment and survey of AGV systems
Conception, design and manufacturing of (specialised) AGVs and AGV Systems

Own software solutions for stationary control (openTCS®) and vehicle control
incl. different navigation technologies

Collaboration at VDI-Guidelines concerning AGV technology, Member of VDI-
Committee of Experts — FA309 Fahrerlose Transportsysteme

Implementation of seminars and trainings concerning AGV technology
Biennial conference on AGV (“FTS-Fachtagung”) takes place at Fraunhofer IML
German Wikipedia Entry on Automated Guided Vehicles (search for “FTS")
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AGV Competence at Fraunhofer IML

Project examples — vehicles built at Fraunhofer IML (One-off Designs)

Photos: Fraunhofer IML
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Flexibility — Enabled by Use of AGV

Layout: Easy to change (depending on navigation technology)
Physical (real) Guideline - Virtual Guidance — Contour Navigation

Scalability: Easy to adapt to growing demands
Increase transportation capacity by higher number of vehicles
Increase transportation network: more/longer routes, more destinations

Adaptable to work environment
Low or nearly no requirements on operational environment (except: floor!)
Low or nearly no impact on operational environment
Easy to remove or to move to another location

Adaptable to process changes
Easy to realise new/different work flow

Note: All this is true in comparison with any other automated transportation
technology — not compared to transportation fulfilled by humans!
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Example I:
Smart Vehicles for Transportation of Bins

Some 5 years ago a new trend in AGV market started:
Small vehicles with no frills, but low price

Automatic transportation of bins/totes/packages/parcels
Low vehicle weight (approx. 25 kg), low pay load (max. 25 kg)
No load exchange device, just platform
Optical guidance with self-adhesive colored tape
Simple & cheap safety device (no bumper, no laser scanner)
No central control unit (= no communication installation required) or
central controller with reduced functionality
Scope of application:
Simple layouts (loop/circle, no or only few branches/merges), low complexity
Self-installation by customer (“AGV out of the box")
Easy & fast installation, rapid changes are feasible

\
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Example I:
Smart Vehicles for Transportation of Bins

Can such systems with optical guidelines be flexible?

Yes, because
of fast & easy installation of guideline
of fast & easy modification (also enhancements) of layout
no central controller needs to be (re-)programmed

Manufacturers (some examples):
Fraunhofer IML - Locative with KammLAM®
BITO — Leo Locative®
Gotting — Kate®
SSI Schafer — Weasel®
DS Automotion - Sally®
Knapp — Open Shuttle®

\
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Example I:
Smart Vehicles for Transportation of Bins

. KATE erledigt Ihre Transportaufgaben
eaibel - kostenglinstig

&

Photos: BITO, SSI Schéfer,
Fraunhofer IML,
Gotting, DS Automotion
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Example lI:

New Type of AGV for Bin Warehousing - SAM® by IML

Technical State of the Art

Order picking:
Goods-to-
Person

Solution |
Automatic
warehouse with
Shuttles

Solution |l:
Il Automatic
= transports of
S Mobile racks
=4 with AGV

Supply of
Production
Areas

Solution |[:

Automatic
transports of
bins with AGV #53

Solution |I:

Automatic
transports of
Mmobile racks
with tugger
trains
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Example II:
New Type of AGV for Bin Warehousing - SAM® by IML

What we suggest:

Automatic bin storage without rigid
infrastructure: no racks, no rails

~Rackless rack”: store bins in a stack
Though: Random access to any storage bin

Advantages:

Scalable throughput (by number of SAMs) and
storage capacity (by floor space)

Flexibility in terms of location

Fast installation, implementation and re-
location

Stack Access Machine SAM®: highly flexible, automatic bin storage (pat. pend.)
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Example lI:
New Type of AGV for Bin Warehousing - SAM® by IML

Technical Data of Prototype:

-
v
Size (LWH): 2.2 m x 0.65 m x 3.0 m ’ S A M

| STACK ACCESS MACHINE

Overall weight (unloaded): 340 kg -
Payload: 1 x 30 kg, total: 250 kg
Driving speed: max. 1.0 m/sec

2 telescopic load handling devices, moving
independently from each other

Stacks may start at floor level
Optical Guidance: camera + coloured stripe
Positioning: QR code markers on the floor

Safety: 2 safety laser scanners within restricted areas
or at least 2 safety laser scanners in mixed areas

Photo: Fraunhofer IML
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Example lll:
Customized AGV - Small Underride Vehicle for BMW

Underride AGV for automatic pick-up, transportation and delivery of single roll-
under carriages; carriage size: 1,200 x 800 mm, max. weight: 550 kg

Intended applications:
Assembly plants: Supply & removal of material at assembly line workplaces, i.e.
provision of filled-up lattice boxes (at workplace) & retrieval of empty lattice
boxes (back to warehouse/supermarket)
Site Wackersdorf: Support of order picking processes (person-to-goods principle:
AGV will escort picker)

AGV (= individual transport) to replace manually operated tugger trains (= multiple
transports) = faster delivery, more efficient, more flexible

Photos: Fraunhofer IML
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Example lll:
Customized AGV: BMW STR 5 - Facts & Figures

Size (LWH): 1,275 mm x 630 mm x 225 mm (+ 40 mm
lift, as carriages shall not roll on their own wheels)

Kinematics: two fixed wheels (steering by speed diff.)
+ 2 idle wheels (front/rear)

Max. speed: 1.4 m/s (currently), 2.2 m/s with next
generation

Max. load: 550 kg (at net vehicle weight of 130 kg !)

Safety laser scanner (front), softbumper (rear) +
safety controller unit

Hybride navigation system based on: dead reckoning
+ radio location + precise positioning in front / below
load carrier with additional 3D-Sensor

Central traffic control and order management

Use of Lithium technology as an energy source (taken
from BMW i3 electric car)

Photos: BMW Group
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Example IV:
AGV for Transportation of Cars — Car Parking Robot

Electro-optical survey of arriving car;
AGV will adjust its length to car’s length while
approaching the pick-up area/ the car

Two pairs of forks underride the car and then lift it
up carefully by just touching the wheels

High maneuverability by means of 4-wheel-steering

Highly flexible and adaptive to any layout by use of
laser navigation (laser triangulation)

Driving speed up to 1.6 m/s (5.8 km/h)

AGV is able to transport cars from ,Smart” till
~Audi Q7" =» pay load: up to 3 tons

Comprehensive safety system based on 9 laser
sensors + safety controller

Applications at Dusseldorf Airport and AUDI

Photo and Videos: Serva TS
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Outlook I:
Cellulare Transport Systems — AGV Swarm

Autonomous interactive Automatic Guided Vehicles create a vehicle swarm
and by this they replace traditional material flow technology.

Multi-agent based decentralised organisation of transports, no central control
system

Shuttles are rail-guided within racks and move completely independent of any
physical guiding line or fixed routes on the floor outside of the racks

Driving and steering within and outside of the rack with only two motors
Automatic load exchange at both sides by telescopic load handling device

Direct transport from source (e.g. warehouse) to target destination (e.g. order
picking station) without any addtional load handling procedure(s)

No conveyors necessary neither in front of warehouse racks nor anywhere else
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Photos: Fraunhofer IML
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Outlook II:
Outdoor AGVs

Technical state of the art: applications in restricted (gated) areas (e.g.
Container Terminal) or industrial areas with briefed personnel, i.e.
no use of Outdoor AGVs in open/public areas

Problem: Safety!

Certified safety system with touching sensors (,bumper”) available, but:
short range = short branking distance = low speed = low throughput

But: No certified contact-free safety system (e.g. laser scanner, 2D or 3D camera,
ultrasonic sensor, radar) for outdoor applications available!

Research on this topic is ongoing, current approach: Sensor Fusion, i.e.
evaluation of different sensor signals based on different sensor principles, use of
mobile sensors (on the AGV) as well as stationary sensors & safe software algor.
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Thank you for
paying attention!

? \ . lﬂ ‘mmmmnmm

_ li.]

Dipl.-Ing. Thomas Albrecht
Head of Automatic Guided Vehicle Systems
thomas.albrecht@iml.fraunhofer.de
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