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9 E S O ddzA Y& SNB&

In modern factories, product processing and packaging have often reached a high degtee of a
tomation, in which energy consumption, agilenufacturing and product customization are well
addressed. However, the degree of automation in factory logidiics, is the transportation of

raw maerialsto storageareas or production lines as well as of final products from the production
lines to sbrage areas odirectlyto shipment points, is only marginal.

Factory logistics thus constitutes a major bottleneck for mass production, creating a neegtfor si
nificant optimization. This fact substantiates the project vision of fRaNots: a highly autonted
logistics system supporting future factories to achieve maximum flexibility, cost and eneirgy eff
ciencywhile at the same timensuringaccidentfree operatian.

''YF2NIdzy Stez (G2RIFIeQa GSOKyz2ft23& T2pdoffd-002 NE
velopment and its deployment in the factory requiragrainedstaff and involvesseveraltime-
consuming, costlyinflexibleand sometimes even errggrone manual tasksTherefore, the ove

all project objective of PANRobots is to develop, demonate and validate a generic automation

system for factory logistics in modefactories based othe use ofadvanced atomated guided

vehicles (AGVs).

The PANRobots consortium proposes a hew generation of flexible, cost effective, safe and green
AGVshat will be able to transport material and products in modern factoaesonomously, i-
telligently and efficientlyln order to achieve this project objective and to support the projéct v
sion, current technologies need to be significantly enhanced and a eummibnew approaches

and technologies need to be developed.

The process oplant exploration and AGV deploymerdurrently involving many costly, time
consuming, erroprone manual tasks, needs to be greatly automated using-pighision sensor
technologyand advanced data processing algorithms. Thus, the requirements for a 3D mapping
system and its algorithms for pallet position identification, landmark extraction and route map
design are derived.

The currently rather rigidcAGV fleetand missionmanagemen performed in thecontrol center
needs to be replaced by a flexible assignment of resources, intelligent AGV navigatiom and i
creased system safety. This is achieved by managing alaydtimap of static and dynamido
jects in a so called global liveewi that is fed with the information acquired by the AGV fleet and
the infrastructurebased environment perception systems. Additionally, human operators need to
be able to easily assign custom missions to available AGVs.

Intelligent global and local AGV wigationis approached by two complementary functionalities:
flexible global route assignment for each mission avoiding congestion zones or other reported o
stacles by the control center on the one hand, local path plannirgaard the AGV in case of
unexpected obstacles in the current path.

Load handling, the task of loading and unloading of goods, is currently ectingiming, sor-
times unreliable procedure. A comprehensive, general and reliabienomous load handling
systemsuitable for all differenfoad handling tasks is required. This is addressed e.g. byia ded
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cated stereo camera for picking position identification for visual servoing of the AGV te-the r
quired operation point in front of the pallet.

While reflectorbased seHocalization works eliably in the presence of sufficient artificial thn
marks, the work load for reflector layout planning, mounting and mapping is very high. Amew a
proach relying on the identification of natural landmarks in the warehouse provides a much more
effective contour-based seHocalization A seamless transition between these two modes-pr
vides reliable and accurate séitcalization of the AGVs in all areas of the warehouse.

The existing 2D safety concept based on safety Laserscanners provides reliablen altsio

ance. However, the system is challenged by highly dynamic objects, objects occluded by structural
elements, protruding from the side or dangling from the ceilingaByanced orboard 2D safety
enhanced by 3D omnidirectional perceptiam combination with sophisticated risk assessment

and collision avoidance strategies, these challenges can be mastered to provide abtr@derid

more efficient AGV operation.

An entirely new concept will be the installation iofrastructurebased environment percéion
systemsfor blind spot monitoring for cooperative safety. The information about tracked objects
near the blind spot is communicated to AGVs in the vicinity via the control center for collision
avoidance and increased efficiency.

This deliverable stat the requirements for all technologies to be developed withim scope of
PANRobots As a starting pointhe state of the art of the main aspects of AGV deploymenhis a
alysed anddiscussed. These are AGV fleet and mission management, plant setudGaAhas-
ployment, AGV global navigation and local path planning, load handling, AG&tab#ation, on
board environment perception and safety, and lastly intersection and black spot sBietsils
can be found inn Chapter2.

Subsequently, a comprehensive list of user issues ideniifieduser survey and how they relate

to the mainaspects of AGV deployment is presented i@hapter3. A detailed and illustrateded
scription of each user issue including an assessment of frequency of occurrence and involved
costs is given ithe = AppendixA of this deliverable.

From the identified user issues, a limited set of generaltaeglet scenarios are derived to epit
mize a class of related or similar user issf@seach of the main aspects of AGV deployment
These will be directly addressed by the technologies developed within theR@RAbts project.
The details of the selecte@tget scenarioand how they represent each of the user issuas be
found ina Chapter4.

The PANRobots key technologiesadvanced control center for AGV fleet and mission manag
ment, semiautomated plant exploration, aut@mous global navigation and droard local path
planning, autonomous load handling system, contbased seHocalization, orboard multk
sensor environment perception, and lastly infrastructib@sed cooperative environment penge
tion ¢ and how theyaddress the previously derived target scenariae discussed i Chapters.

Thederivation of suitableequirements for each of the PARbbots key technologida order to
fully address the target scenarios and to solve the ulyileg user issues constituid¢he contents
of a Chapter6.
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In conclusion, the requirements for all systems to be developed inRagtdts have been derived
based on target scenarios derived from the analysis of identified isseles.As suchthe re-
quirements stated in this deliverabferm the basis for the followup deliverable D4.1 Spec#ic
tion andArchitecture, which will describe the architecture, the functionality and the interfaces of
all PANRobotssubsystems.

D3.1 User Needs and Requirements v3.0.docx \Y






FP72012NMP-ICFFoF

Dissemination level: Public

PANROobotsc Deliverable B.1

[ A Flidzi K 2 NA

Name Company
Davide Ronzoni E80

Uula Kantojérvi VTT
Markus Boehning SICK
Lorenzo Sabattini UniMORE
Christoph Reinke SICK
Valerio Digani UniMORE
Kay Fuerstenberg SICK
Matteo Foppoli E80
Marius Drulea UCLUJ

D3.1 User Needs and Requirements v3.0.docx

vii




PANROobotsc Deliverable B.1

Dissemination level: Public

FP7-2012NMP-ICTFFoF

wSogARE2Y

Version |Date Name,Company Reason
0.1 201301-31 |Davide Ronzone, ES0 Documentstructure
0.2 201302-12 |Uula Kantojavi, VTT Document revision
0.3 201302-15 |Markus Boehning, SICK Document revision
1.0 201302-20 |Lorenzo Sabattini, IMORE | Comment integration, descriptioof User Issues
Requirements Classification
1.1 201302-21 |Davide Ronzoni, E80 Added glossary, added AGV system and scen
description, updated details in User issues
1.2 201302-21 |Markus Boehning, SICK Modified document struture
Christoph Reinke, SICK
1.3 201302-21 |Valerio Digani, UMORE First description okeytechnologies, mapping
between issues, needs, use cases and teahno
gies
14 201302-28 |Lorenzo Sabattini, iIMORE | Revision of the document. Definition o$er
Valerio Digani, biMORE needs priority,clustereduserneedspriority.
Modification of thekeytechnologies and their
correlation with user needs
1.6 20130318 |Markus Boehning, SICK Document revision andestructuring
Kay Fuerstenberg, SICK
17 201304-04 |Markus Boehning, SICK Partner input, revision after quarterly meeting g
E80, harmonization
1.15 201306-20 |Markus Boehning, SICK Partner input, revision and update after quarte
meeting at VTT, harmonization
1.16 201306-29 |Sergiu Nedevschi, UCLUJ |Peer review procesharmonkation and finalia-
Kay Fuerstenberg, SICK tion
Markus Boehning, SICK
Tapani Makinen, VTT
1.20 201307-15 |Markus Boehning, SICK Document restructuring, adding dedicated gha
Kay Fuerstenberg, SICK ters for target scenarios
1.24 20131010 |Markus Boehmig, SICK Harmonkation
2.0 20131013 |Kay Fuerstenberg, SICK Finalization
3.0 20131015 |Kay Fuerstenberg, SICK Minor corrections and finalization

viii

D3.1 User Needs and Requirements v3.0.docx



FP72012NMP-ICFFoF Dissemination level: Public PANROobotsc Deliverable B.1

Ve

¢l of@yaSyla

EXECULIVE SUMIMAIY.....ciiiiiiiiiiiiiiiiee ettt e e e e e e e e e e e e e e e e e e e e e e e e s e e e e e e e e e e e eeees iii
LiSt Of QUENOIS.....ccooii e VI
LS4 1= o] T (o o PSRRI Y, | |
TabIE Of CONTENIS ... .o e e et e e e e e et es ix
I 10 To [1 ox 1] o TP PP PP PP 1
1.1  DeliVerable SIUCIUIE......coi ittt e e e e e e ettt e e e e e e e e e s bbb et teeeaaaaeeeeeann 2
1.2 Factory logistics and autaated guided VENICIES...........ovoiiiiiiie e 3
2 State of the art/state of the teChNOIOGY..........uvuiriiiiiiiiiiiiier e 11
2.1 AGV fleet and MiSSION MANAGEMELL........ccieeieiii ittt e e e e e s s err e ee e e e e s s s snnrrrareeeeees 11
2.2 Plant setup and AGY deploymMENT.........coooiiiiiiiiiiiiiie et 14
2.3 AGV global navigation and local path planning............ccoocueiiiiiiiiiie e 19
P W o - To I s F= g Lo |1 o PP OPP PP ROPTPPN 19
2.5 AGV SEHOCAIIZALION. ... .eeiiiiiiiiiii ettt e e s e e e s r e e e s be e e s anaaeeas 20
2.6 Onboard environment perception and Safely............coooviriiiiiiiecccc e 21
2.7 Intersection and black Spot Safety...........cccooiiiiiiiii e ——— 22
3 EVAlUAtion Of USEI ISSUBS ... .ciiiiiiiiiii et es et er e e e e e et e e e e e e e e easeeane s 23
T R U S = {11 TSP 23
I T U LYo T g E S U =T of= 1= T0 [o ] 4= i (o ] 1P 23
N I T o [ AT o= = Vg o USRS 25
4.1 AGV fleet and MiSSION MANAGEMENL............uuiiiiiiiii i e e e e e e e e e e 25
4.2 Plant setup and AGY deplOoyYMENt..........uuiuiiiiiiiiiiiie e e e e e 25
4.3 AGV global navigation and local path planning...............iiiiieini e 26
o Y- Vo I o =V o |11 o 26
SR AN C AV ST (o Tor= 4= 4o o 1S 27
4.6 Onboardenvironment perception and Safety...........occveiiiiiiiiiiiiiii e 27
4.7 Intersection and black SPOt SAFELY.........cooiiuiiiiiiiiiie e 28
4.8  AJArESSEA USEI ISSUBS......uuuuiieiieiiieeeeeeiaassaatateeeereraeeeeesaaasaansraeerereeaaeeesaaannssssanneeeeeaeeeeesaannnns 29
5 PANRODOLS K&y teCNNOIOQIES ......ueeii e e e e e e 31
5.1 Advanced control center for AGV fleet and mission management..............cccceeeevriieeeeinnne. 31
5.2 Semiautomated plant @XPlOration..............eeiii i 35
5.3 Autonomous global navigation and dmoard local path planning..............ccccoeviviiiccccennn, 38
5.4  Autonomous load handling SYSIEM.........uuiiiiii i e e e e e e e e e e e e ee e 40
5.5 Contourbased SEHOCAlIZAION. ..........oiiiiiiiiiie e 40
5.6 Onboard multisensor environment PErCePLiQN............ovvviiiieiiiiiiiiiiie e e e e e e e e e eeeeeeeeeaeeann 41
5.7 Infrastructurebased cooperative environment perceptian..........ccccoecveeeevniciieeeeeniieeeeennnne . 44
5.8 Addressed target SCENAIIAS ... .uuiie ittt ettt st e e e s anb e e s sarbee e e e anees 46
O R Lo [0 TT =T 41T ] £ PR URPPPPPRRTRRY ¥ 4
6.1 Advanced control center for AGV fleet and mission management............ccccccevvvvvveeennnn 47
6.2 Semiautomated plant EXPIOrALION...........uiiii it e e 50
6.3 Autonomous global navigation and daard local path planning............cccccevviiiiniiiie e, 56
6.4  Autonomous load handlmi SYSIEML.......ciiiiiiiiiiiiiee et e e s sbeee e e e 58
6.5 Contourbased SEHOCAlIZALION...........oiiiiiiieeee e 60
6.6 Onboard multisensor enviroNmMeNt PErCEPLIAN. .......uuiiiiiiii it 64
6.7 Infrastructurebased cooperative environment PerceptiQn............occcuvviieiieeerieeeeenee e, 68
6.8 Processing and transmission time reqUIrEMENTS.........coeeiiiiiireiiriiiiee et 72
6.9  GENEral FEQUINEMENTS. ... .uiiiii ettt ee ettt e sttt e e e st e e s s ettt e e e e anbbee e e e s enbbeeeeeannees 74

D3.1 User Needs and Requirements v3.0.docx ix



PANROobotsc Deliverable B.1 Dissemination level: Public FP72012NMP-ICFFoF

T CONCIUSIONS. ...ttt ettt ettt e e e e e bbb et e e e e e e e ennnes 76
ACKNOWIEAGEIMENTS. ... 77
List of abbreviations and @CrONYMIS. ..........uuuuiiiiiiiiiiine e e e e e e e eme e e e e eeeeeeees 79
(IS Ao ) 1T U= 80
LISE Of TADIES. ...ttt e e e e e e e e e e e e e e e e e e e e e amr e e n e e e e e nnees 83
RETEIEINCES. ...ttt 84
€10 1TSY= T Y2 85
A USBI ISSUBS. ...ttt ettt ettt eea e A-1

X D3.1 User Needs and Requirements v3.0.docx



FP72012NMP-ICFFoF Dissemination level: Public PANROobotsc Deliverable B.1

1 LYUONRRdAzOUOAZY

In modern factories, product processing and packaging have often reached a high degtee of a
tomation, in which energy consumption, agile manufacturing and product customization are well
addressed. However, the degree of automation in factory logistiesthie transportation of raw
materials and final products from/to storage and shipment points, is only marginal.

Factory logistics thus constitutes a major bottleneck for mass production, creating a great need
for significant optimization. This fact substiates the project vision odPANRobots a highly a-
tomated logistics system supporting future factories to achieve maximum flexibility, costrand e
ergy efficiency as well as acciddrae operation.

P'YF2NIdzy St ex (2RI@Qa aiid@natiyi? dtilRidah eafly2shabeToddO (i 2 NB
velopment and its deployment in the factory requires a lot of effort by skilled staff. Therefore, the
overall objective ofPANRobotsis to develop, demonstrate and validate a generic automation
system for factoy logistics in mode factories based on advanceditamated guided vehicles

(AGVs).

ThePANRobotsconsortium proposes a hew generation of flexible, cost effective, safe and green
AGVs in combination with advanced infrastructure systems. Those adv&#ddRobotsAGVs

will be able to transport material and products in modern factories based on autonomous on
board path planning and navigation to enable high flexibilitye perception system guiding the
PANRobotsAGVs through the factory will be based onavel cooperative approach. Advanced
on-board sensors will be combined with infrastructure sensors to enhance theetfestiveness

and to increase safetyl.he fleet management will be intuitive and easy to use by workers without
specialized training. laddition, the time and costs for initial installation will be dramaticady r
duced by semautomated plant exploration supported by a localization approach utilizing already
existing landmarks and an advandedd handling system which detects and picks thallets a-
tonomously.

This deliverabldirst analyses the state of the art of the ma@spects of AGV deployment that
need to be investigated for improvement potential. It then documents a comprehensive list of
er issueddentified in a survey carriedut among AGV users. Subsequentigm these users-
sues, the main target scenarios are derived to be addressed by théRBBdts key technologies.
These key technologies are described and the requirements for each of them are déteed-
quirements egineeringfollows the proedureoutlined inFigurel on the next page

D3.1 User Needs and Requirements v3.0.docx 1
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Usersurvey

Il

Userissues

Stateof the

Targetscenarios
a Chapter4

1T

Keytechnologies

E> Requirements
a Chapter6

PANROobotsvision, objectivesandimpacts

Figurel: Procedure for the derivation of requirements

The PARNRobots vision, the objectives and impagiovide the basis for thelerivation of e-
quirements.

1.1 Deliverable structure

The remainder ofo Chapterl gives a general introduction to factory logistics and AGV dgeplo
ment.

o Chapter2 discusses thetate of the art of thamainaspects of AGV deployment

o Chapter3 documents acomprehensive list of user issues identified through user sunsays-(
marizedin the confidentiale AppendixA) and how theseare mapped to he aspects of AGVed
ploymentdiscussedn = Chapter2.

o Chapter4 derives from the categorized user issues a set of main target scenarios td-be a
dressed within the PAIRobots project.

o Chapter5 states the PANRobots key technologiesddressing the main target scenarios and
with it the identified user issues.

o Chapter6 subsequenthyderives the requirements for thkeytechnologies in dueonsideration
of the PANRobotsgeneral and technical objectives as well ase¢hgisionedmpacts.

In conclusiony Chapter7 summarizes the results of the requirements engirieg process.

2 D3.1 User Needs and Requirements v3.0.docx
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1.2 Factorylogisticsand automated guided vehicles

1.2.1 Factory logistics

Modern factories for the production and packaging of mass products are organized in three main
entities:
1. Processing branch, in which products are made.
2. Packaging line, which prepares and products wraps with packaging nhater@ssure
their integrity during the shipment and the final distribution to customers.
3. Factory logistics system, which handles the raw materials and finished products in relation
with the warehouse management, and for the loading and shipment.

Today, praduct processing and packaging have often reached a high degree of automation, in
which energy consumption awareness, agile manufacturing and product customization are well
addressed. For example, packaging lines are designed and deployed to ajldek ahange of
packaging size and pattern in order to respond promptly to production requirements. Notably,
the optimization of machines management in the packaging line allohigtdy efficient use of
energy during production.

Logistics is the management ofetflow of resources between the point of origin and the point of
destination The resources managed in logistics can include physical items, such as food; mater
als, equipment, liquids, and staff, as well as abstract items, such as time, information|egarti
and energy. The logistics of physical items usually involves the integration of information flow,
material handling, production, packaging, inventory, transportation, warehousing, and oftan sec
rity. Factory logistics play an important role affectipgpduction efficiency and energy conspm

tion asany bottleneck and inefficiency in factory logistics decreases the productivity level of the
entire factory.

Generally speaking, most modern factories have the following processing chain: raw goods are
trangported to the factory, they are unloaded and are either processed directly-ifittsne de-

livery) or stored for later processing. After the raw materials have been transformed into the
product, they are packaged and are then transported to delivery trimkgmmediate rollout or

to storage for deferred rolloutThis processing chain is illustratedrigure2.

D3.1 User Needs and Requirements v3.0.docx 3
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Inboundlogistics

Inboundstorage transportationof raw materials
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'5 Productionand packaging

i 1T

transportationof final products Outboundstorage

= < 5

Outboundlogistics

Figure2: Processing chain in modern factories

1.2.2 Automated guided vehicles

Automated guided vekles (AGVS)eployed in factory logisticecrease efficiengyreduce costs
by automatingmany processes iafactory or warehouse. The first AGV was invented by Barrett
Electronics in 1953. The AGV can tow objects behind them in trailers to which theytcswn-
mously attach. The trailers can be used to move raw materials ardinducts. The AGV can also
store objects on a bed. The objects can be placed on a set of motorized rollers (caharbr
then pushed off by reversing them. However, the mosnown applications loading palletized
goods on AGVs with forks, as showirigure3.

Figure3: Automated guided vehicle (E80)

4 D3.1 User Needs and Requirements v3.0.docx
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Automatedguidedvehicles can be used in a wide variety of applicationgansport many diffe-
ent types of material including pallets, rolls, racks, carts, and containers. AGVs excel & applic
tions with the following characteristics:
1 Repetitive movement of materials over a distance
Regular delivery of stable loads
Medium throwghput/volume
When ontime delivery is critical and late deliveries are causing inefficiency
Operations with at least two shifts
Processes where materisbckingis important

= =4 —a —a -

The main applications of the AGVs in factory logistics will be summarized folltheing page-
graphs.

Rawmaterial handling

AGVs are commonly used to transport raw materials such as paper, steel, rubber, metal,sand pla
tic. This includes transporting received materialshte inbound storage odirectly to the produc-
tion lines as ilustrated inFigure4.

Inbound logistics

Inboundstorage transportationof raw materials

iyt

FACTORY

Productionand packaging

Figure4: Handling of raw materialsi factory logistics

Work-in-processmovement

Work-in-process movement is one of the first applications where automated guided vehicles were
used and includes the repetitive movement of materials throughout the manufacturing process.

AGVs can be used to move material from the warehouse to production/processing lines or from
one process to another.

Pallethandling

Pallet handling is an extremely alar application for AGVs as repetitive movement of pallets is
very common in manufacturing and distribution facilities. AGVs can move pallets from thie palle
izer to the warehouse/storage and/or to the outbound shipping docks.

Final product handling

The &st step of logistic process is the movement of final products. They can be mothexdior-
age area®r shippeddirectly to the customers. AGVs operate withprecisely controlled navig
tion path: acceleration and deceleration minimize the risk of dangdelicate pars (Figureb).

D3.1 User Needs and Requirements v3.0.docx 5
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Figure5: Handling offinished producsin factory logistics

Trailer loading

AGVs are used to transport and load pallets of finished goods directly into standarethever
road trailers without any special dock equipment. AGVs can pick up pallets from conveyas, rack
or staging lanes and deliver them into the trailer in the specified loading pattern. This is the most
recent application of AG\&ndis becomingncreasinglypopular.

Rollhandling

AGVs are used to transport rolls in many types of plants including paper mills, converters, prin
ers, newspapers, steel producers, and plastics manufacturers. AGVs can store and stack rolls on
the floor, in rack, and can even automiilly load printing presses with rolls of papas depit

ed inFigure6.

Figure6: AGV moving a paper roll

6 D3.1 User Needs and Requirements v3.0.docx
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Containerhandling

AGVs are used to mowhippingcontainers inmaritime container terminalsThe main benefits
are reduced labour costs and a more reliable performance. This use of AGVs was pioneered by
ECT in The Netherlands at the Delta terminal in the Port of Rotte(Bayuare?).

Figure7: AGVs in Rotterdam port (Source: www.portstrategy.com)

1.2.3 AGV operation types

Block storage

A block storage area is composed of a set of unloading positions on the ground, clustered by line
markings on the ground, as showHigure8.

Figure8: Block storage area

D3.1 User Needs and Requirements v3.0.docx 7
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The AGV that has to pick up or deposit a pallet in this area has to enter the area betwegn the a
propriate line markings and load/unload the pallet from/onto the ground.

In this kind of storage are#he pallets have to be stacked on top of each other, thus it coupd ha
pen that the AGV has to lift up the forks, detect the exact position of topmost pallet and complete
the loading/unloading process.

Shelves warehouse

The warehouse could be composed afed of shelves, where pallets can be stored, as depicted in
Figure9. In this kind of mission, the AGV has to reach the desired shelf level identifying shelf
height with centimetre accuracy.

Figure9: Skelves warehouse

Drive-in rack

In a special type of rack, the AGV has to lift up the forks to the correct height level before entering
the rack. Then, the AGV drives inside the rack until loading/unloading position is reached. Finally,
the AGV has to iderfi the correct pallet place position, load/unload the pallet and return to the
exit of the rack.

8 D3.1 User Needs and Requirements v3.0.docx
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FigurelO: Drive-in rack

Gravity rack

Another kind of rack is a smlled gravity rack that consists of inclined shelves with wheelsa-
let transportation. Due to gravity, pallets inserted from the rear end flow through the rack to the
front, where they can be picked up following a first in first out principle.

Figurell: Gravity rack

D3.1 User Needs and Requirements v3.0.docx 9
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Paper roll warehouse

For moving and stock paper rolls, a paper rolls floor warehouse is usually used. The AGV missions
related to this kind of warehouse are similar to that associated to the block storage.

Battery recharging

An AGV consumes a lot of energy during its movesieshd when its battery is almost empty,
the AGV has to head to the battery charge area, place thbaamd battery on a battery charger
station and pick up a charged battery.

10 D3.1 User Needs and Requirements v3.0.docx
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2 {010S xBIEKS 2N GKS GSOKyz2ft 238

This chapter describes the state betart of the main aspects of AGV deployment:

1 AGYV fleet and mission manageme&rgmart assignment of missions &wailableAGVs.

1 Plant setup and AGV deploymenall preparatory taskenablingAGV usage.

1 Global navigation and local path plannigegfficiert routing of AGVs in the operatinghe
vironment.

1 Load handling robustloading and unloading tasls different locations.

1 AGV selocalizationc reliableRS G SNXYAY I GA2y 2F GKS 1 Dp-Q& LINB
erating environment.

1 Onboard environment prception and safety; on-board technologies for accident and
obstacle avoidance.

9 Intersection and black spot safetystrategies to ensure safety at critical locations in the
operating environment.

2.1 AGYV fleet and mission management

AGYV fleet and mission magement concerns the smart allocation of available resources (AGV
fleet) to tasks (list of missions from the warehouse management system) and is performed by a
central control unit, the control center.

A toplevel view on the main functions currently inephented in the control center is shown in
Figurel2.

Enterprise Resource Planning (ERP)
Warehouse Management System (WMS

ol re—

Humanoperator

~

Trafficmanager

Missionmanager AGV

Global

CONTROL CENTE

Figurel2: Function Blocks of the current control center

The control center manages all AGV fleet missions, such as picking and placing palletofwom k
positions, battery exchange, and so on, handling different types of operation points. It also ma
ages the complete map of the warehouse with all segments that make up roads the AGVs have to
follow. The control center decides which AGV has to do eaissiom assigning the set ofgse
ments calculated by a preet collection of manual rules written in the layout.

The detailed thredayer architecture of the control center is illustratedRigurel3.
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Figurel3: Threelayer architecture of the control center

At the top, the plant level control is the interface between the warehouse management system
(WMS) and the management of the AGVs. The WMS defines which pallet has to be delivered to
which location. Th mission manager receives a set of tasks and generates a set of missions for
the AGVs. A mission is a set of operation points an AGV has to reach for picking or placing certain
goods.

The fleet level control is run on a central unit and is responsibledotrolling the group of AGVs.
It is run periodically and consists of two main parts: the traffic manager, and the communication
with the vehicles.

Finally, the AGYV itself contains the low level control of each vehicle for tracking the segnents all
catedby the traffic manager and for handling safety issues.

The main functions of the current control center will be described hereafter.

2.1.1 Mission management

The mission manager receives the mission queue and it checks the status of the fleet in order to
decidewhich and how many tasks to execute and it sends this information to the traffic manager.
The traffic manager assigns the missions to the AGVs. The mission dispatching considers only the
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