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PROJECTE  Distributed control strategies for the traffic management of AGV-based in-house transportation systems

— DATAPREVISTAD'INICI DEL PROJECTE
- ERCPANEL1 PE7Systemsand Communication Engineering
- ERCPANEL 2 (OPCIONAL)  PE8Products and Processes Engineering

- SECTOR'1 Equips eléctricsielectronics

- SECTOR 2 (OPCIONAL) Logisticaitransport

Vegeu l'apartat de caracteristiques i escolliu la modalitat en funcid de les caracteristiques del projecte.

Modalitat de cofinangament 0 Modalitat d'ajuts especifics

- NOM DE L'EMPRESA  TAVIL IND, SAU > CIF
— REPRESENTANT LEGAL DE L'EMPRESA  Anna Payola Subirana

- RESPONSABLE DEL PROJECTE A L'EMPRESA  pol Toldra Fernandez

- ADREGA ELECTRONICA > TELEFON

- ADRECA DEL CENTRE DE TREBALL ON ES DESENVOLUPARA PARCIALMENT EL PROJECTE
Poligon Poliger Sud, Sector 1

— CODIPOSTAL 17854 > POBLACIO SantJaume de LLierca > PAGINAWEB  www.tavil.com
- BREU PRESENTACIO DE LEMPRESA

Els origens de TAVIL es remunten a I'any 1925, actualment tenim una plantilla de més de 450 treballadors, dels quals més del 50% son enginyers.
Disposem d'una planta de produccié de 102.000 m2 i s'especialitza en la construccié de maquinaria i linies automatiques d'envasat, paletitzat i
manipulacié. TAVIL dissenya i produeix solucions d'automatitzacié amb tecnologia propia.

TAVIL com a empresa pionera i innovadora a escala mundial, té la missié d'avancar-se a les necessitats del mercat, proporcionant solucions
altament tecnologiques tant en I'enginyeria com en la fabricacié d'equips. A més de mantenir un compromis constant de millora en les solucions
aportades als clients.

Per aconseguir aquests objectius TAVIL disposa de més de 40 enginyers dedicats exclusivament a R+D i tots els recursos necessaris per adquirir i
desenvolupar amb excel-léncia les habilitats professionals que es requereixen. Des de fa uns anys estem col-laborant directament amb les
universitats del pais, sigui incorporant doctorats o establint convenis de col-laboraci6 en diferents ambits, TAVIL considera primordial seguir
mantenint aquesta relacié directa i fomentar i incrementar el nombre de doctorats involucrats en els nostres projectes.

TAVIL's origins date back to 1925, we currently have a staff of more than 450 workers, of whom more than 50% are engineers. We have a production
plant of 102,000 m2 and we are specialized in the construction of machinery and automatic packaging, palletizing and handling lines. TAVIL designs
and produces automation solutions with its own technology.

TAVIL as a pioneering and innovative company at a global level, has the mission of anticipating the needs of the market, providing highly technological
solutions in both engineering and equipment manufacturing. In addition to maintaining a constant commitment to improving the solutions provided to
customers.

To achieve these objectives TAVIL has more than 40 engineers dedicated exclusively to R&D and all the necessary resources to acquire and develop
the professional skills they require with excellence. For some years we have been collaborating directly with the country's universities, whether
incorporating doctorates or establishing collaboration agreements in different areas, TAVIL considers it essential to continue to maintaining this
direct relationship and encourage and increase the number of doctorates involved in our projects.
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- UNIVERSITAT  Universitat Politecnica de Catalunya

—> PROGRAMA DE DOCTORAT Automatic Control, Robotics and Computer Vision
INVESTIGADOR/A ICREA BENEFICIARI D'UN AJUTERC [l GRUPDERECERCASGR
—> CODISGR 872 —-> NOMDELGRUPDERECERCA  Advanced Control of Energy Systems

— DIRECTOR/ADETESI  Josep M. Olm

—> CENTRE DE RECERCA (SIESCAU)  Institut d'Organitzaci6 i Control de Sistemes Industrials
> ADREGA ELECTRONICA > TELEFON

- ADRECA DEL DEPARTAMENT/CENTRE ON DESENVOLUPARA PARCIALMENT EL PROJECTE
Av. Diagonal, 647

- CODIPOSTAL 08028 - POBLACIO Barcelona - PAGINAWEB  https://ioc.upc.edu/en

BREU RESUM DEL PROJECTE DE RECERCA, QUE INDIQUI SI HI HA ALTRES ENTITATS 0 CENTRES PARTICIPANTS, AMB L'EXTENSIO MAXIMA DEL
REQUADRE, MITJANGANT EL QUAL EL CANDIDAT PUGUI IDENTIFICAR SI ES TRACTA D'UN PROJECTE DEL SEU INTERES.

The deployment of mobile robotic systems to carry out in-house transportation tasks is a key element to improve efficiency in the logistics of Industry
5.0-inspired smart factories. However, the standard requirements of logistics schemes such as flexibility, reconfigurability, reusability, scalability or
energy-efficiency, pose a number of challenging open —from the optimality side— control problems to be addressed. Essentially, the main issues to by
faced are related to scheduling or dispatching, which encompasses task assignment and empty vehicle balancing, and routing. This is to be done
under well-defined optimization criteria and taking into account the specific features of the Automated Guided Vehicle (AGV) fleet, both static (size,
load), kinematic (velocity, acceleration), and technical (holonomicity, autonomy, sensing and interconnection capabilities). Additional constraints have
to do with the degree of heterogeneity of the fleet, and the level of interaction with human operators. Most of the solutions reported so far consider
centralized control strategies, where a central unit makes decisions relying on global information of the whole system. However, depending on the
number of units the communication overhead might have a negative impact on performance, while the control complexity often results in NP-hard
computational problems. A promising alternative that is gaining an increasing interest in the specialized literature comes from distributed control
systems. Decision-making algorithms based on local information require less individual computational power and are more robust to disturbances,
while its intrinsic modular structure offers excellent flexibility and scalability properties. The thematic area of this thesis proposal falls within the
traffic management of AGV fleets in in-house facilities using distributed control approaches.

Multi-agent systems are at the core of the decentralized approaches to tackle the task assignment problem in conventional environments. The
cooperation capabilities via intercommunication allow them to pursue for collective targets that encompass both individual goals and global
behaviors. These features are exploited by the so-called market-based algorithms, in which assignments come through an auction based on certain
criteria. Such auctions may occur either for neighboring units of the loading station or within all the fleet, and AGVs may bid to different station offers.
Empty vehicle balancing deals with the managing of idle vehicles, including the assignment of AGVs to battery charging stations. Intuitively,
parking/charging stations and vehicles should be appropriately balanced between different zones so as to minimize response times. Circulatory loop
positioning or even random motion through the warehouse of idle AGVs are also alternatives for short response times, but it also shortens individual
intercharge times. Some works also include this operation within the task assignment routines.

Routing or path planning is an essential computation to be taken into account at the task assignment stage. Modern route planning strategies work
on a dynamic basis, i.e. taking into account the current state of the network to avoid congestions, and assign routes using consensus-based
approaches between AGV neighbors that minimize the global execution time of a set of tasks. Once the route is selected, route execution algorithms
are in charge of operationally driving the AGV to its destination avoiding collisions and deadlock situations. A key difference is also on the existence of
specific moving lanes; when not, the AGVs are classified as free ranging vehicles, which offer better space utilization and flexibility at the cost of
algorithm complexity.

Despite the current advances in the area, further research is needed on the integration of scheduling and route planning processes, which are often
analyzed separately, as it is a key element in distributed strategies. An appropriate balancing of the level of decentralization in distributed
decision-making processes is also desirable, as a reduction of the amount of non-local information managed entails less computational and
communication power effort and, at the same time, improves robustness, flexibility, and scalability. Moreover, market-based strategies in task
assignment could be ameliorated with local optimization algorithms and take into account side constrains including space, time, capacity, battery
level... Another important point is the development of strategies dealing with the simultaneous scheduling of multiple types of materials and
heterogeneous AGV fleets, i.e. where different AGV models coexist. Route execution processes would benefit of allowing AGVs to eventually leave
moving lanes in order to better sort out collision-avoidance and deadlock situations. As for deadlock prevention, low rule-based strategies require
less computational effort. Finally, the ability of algorithms to work in mixed scenarios, with different control paradigms, is also a challenging task.

The thesis will be focused on the development of distributed control strategies for the traffic management of AGV-based in-house transportation
systems encompassing:

= the task scheduling and route planning of the fleet in an integrated fashion and with a high level of decentralization,

= the route execution of individual AGVs during operation in potentially mixed scenarios with improved collision avoidance and deadlock properties.
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Descripcio dels requisits minims i valorables, quant a titulacid, idiomes i experiéncia, que seran més valorats en els candidats. En tots els
apartats calfer referéncia a si és un requisit minim o valorable.

> TITULACIO" (GRAU, 0 EQUIVALENT (LLICENCIATURA, ENGINYERIA SUPERIOR | ARQUITECTURA), | MASTER UNIVERSITARI)

Degree in Engineering, Physics, or Mathematics, and a University Master (preferrable in Engineering)

*Requisits per a ladmissio al doctorat: vegeu U'apartat corresponent a les preguntes més freqiients dels estudiants de doctorat (FAQ) del
web del Pla de Doctorats Industrials.

- IDIOMES - EXPERIENCIA PROFESSIONAL D'INTERES
English Not required
—> ALTRES

Knowledge of linear and nonlinear control techniques
Computer simulation skills

Programming skills

Basic knowledge on robotics

Lelement essencial del Pla de Doctorats Industrials és el projecte de doctorat industrial, és a dir, un projecte de recerca estratégic d'una
empresa, on el doctorand/a desenvolupara la seva formacid investigadora, en collaboracié amb una universitat, i que sera objecte d'una
tesidoctoral.

LaGeneralitat de Catalunya dona suport economic a aquests projectes mitjangant 2 modalitats, ateses algunes caracteristiques en l'exe-
cucio del projecte:

a. Projectes de doctorat industrial cofinangats per la Generalitat de Catalunya.
b. Projectes de doctorat industrial amb ajut especific.

- Latesidoctoral es desenvolupara en el marc d’'un convenide collaboraci6 entre una universitat (i, si escau, centre de recerca) i unaem-
presa (també pot participar-hi més d'una empresa).

- El/ladoctorand/a disposara d'un director/a de tesi vinculat/ada a la universitat o al centre de recercaid’una persona responsable desig-
nadaperlempresa.

- La seleccio de la persona candidata es realitzara conjuntament entre les parts signants del conveni de collaboracié. En tot cas, la persona
candidata ha de ser acceptadaiadmesa al programa de doctorat de la universitat corresponent.

- La persona candidata ha de tenir una nota mitjana de U'expedient académic igual o superior a 6,5 (escala 0 a10), calculada sobre el total de
creédits dels estudis superiors que donen accés als estudis oficials de doctorat.

- Eldirector/a de tesi ha de formar part d'un grup de recerca reconegut (SGR) vigent de la Generalitat de Catalunya o bé ser investigador/a del
programa ICREA o haver obtingut finangament del Consell Europeu de Recerca (ERC).

- Ladedicaci6 del/de la doctorand/a al projecte de recerca es distribuira entre lempresaila universitat.

- El/la doctorand/a participara en programes formatius en competéncies especifiques relacionades amb el lideratge, la coordinacid i la gestié
de projectes d’'R+D+I; la transferéncia de resultats de recerca; el desenvolupament de noves empreses, i la propietat intellectual i industrial,
entre altres matéries rellevants.

— El/ladoctorand/a disposara d’una assignacié anual (borsade mobilitat) financada per la Generalitat de Catalunyaique podra acumular-se
per a un periode maxim de 3 anys. La finalitat és l'assisténcia a seminaris i congressos relacionats amb el projecte de recerca, aixi com
estades en altres seus de 'empresa, en altres universitats o en centres de recerca de fora de Catalunya.

STotes les tesis llegides en el marc del Pla de doctorats industrials rebran lamencié de doctoratindustrial. Les empresesi els directors
académics o les directores académiques participants també rebran un reconeixement per la seva participacié al Pla.

Diposit Legal B-9413-2014


Marc
Stamp


)

D 0 CTO RATS AT Generalitat de Catalunya 1 prroi
C I N D U STR I ALS Departament d'Empresa o - dauts

S i Coneixement

i de Recerca

DADES DE LAPERSONA SOL LICITANT

- NOM | COGNOMS DE L’ESTUDIANT > NIF
- ADREGA DE LA RESIDENCIA HABITUAL

- CODIPOSTAL - POBLACIO - TELEFON

- ADREGA ELECTRONICA

PERFIL DEL CANDIDAT

- TITULACIO: GRAU 0 EQUIVALENT (LLICENCIATURA, ENGINYERIA SUPERIOR | ARQUITECTURA), | MASTER UNIVERSITARI.

- NOMBRE DE CREDITS\I NOTA MITJANA
DE L'EXPEDIENT ACADEMIC DE GRAU O
EQUIVALENT (ESCALA1a10)

- NOMBRE DE CRI‘EDITS~I NOTA MITJANA
DE L'EXPEDIENT ACADEMIC
DE MASTER (ESCALA1A10)

—> IDIOMES. EN EL CAS DE DISPOSAR D'UN - EXPERIENCIAPROFESSIONAL
CERTIFICAT ACREDITATIU, CAL ESPECIFICAR-HO
AMB LA DATA D'OBTENCIO.

- ALTRES DADES D'INTERES RELLEVANTS PER AL PROJECTE
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A EMPLENAR PEL CANDIDAT

Espaiperincloure les motivacions i linterés personal en el projecte, amb Uextensié maxima del requadre.

PROTECCIG DE DADES DE CARACTER PERSONAL

Les dades facilitades per les persones sol-licitants seran tractades per TAGAUR en els termes segiients:
Responsable. AGAUR - CIF Q0801117C - Passeig Lluis Companys 23, 08010, Barcelona -lopd.agaur@gencat.cat.
Delegat Protecci6 Dades. Microlab Hard - ¢/ Santiago Rusifiol 8, 08750 Molins de Rei - agaur@dpo.microlabhard.es

Finalitat. Remetre la seva candidatura a l'empresa i Universitat impulsores del Projecte de Recerca al qual s’hagi inscrit per, si s'escau, gestionar 'ajut per a la seva contractacid dintre del periode establert en
la convocatoria de Doctorats Industrials, de conformitat amb el Reglament (UE) 2016/679 del Parlament Europeu relatiu a la proteccid de dades de caracter personalila L0 3/2018, de 5 de desembre, de
Proteccié de Dades personals i garantia dels drets digitals.

Legitimacid. EL compliment d'una obligacid legal i l'exercici de poders piblics conferits al Responsable.

Conservacio de les dades. Les seves dades es conservaran d'acord amb els terminis establerts al marc normatiu regulador dels serveis de gestid d'ajuts de 'TAGAUR i en la normativa d'arxius aplicable.
Drets. En qualsevol moment, pot exercir els drets d’accés, rectificacio, supressid, oposicid, limitacid o portabilitat mitjangant escrit, acompanyat de copia de document oficial que l'identifiqui, adregat a 'Agaur
o al Delegat de Protecci6 de Dades. En cas de disconformitat amb el tractament, també té el dret de presentar una reclamacié davant 'Autoritat Catalana de Protecci6 de Dades.

Destinataris. Empresa i Universitatimpulsores del Projecte de Recerca per a la valoracié de la seva candidatura, Departament dEmpresa i Coneixement al qual es troba adscrit TAGAUR amb lobjectiu de
exercir les funcions de control, avaluacid i direccié al respecte de la gestié de 'AGAUR. Entitats de 'ambit public o privat en cas que resulti totalment necessari i estigui previst a la convocatoria per a la

correcta resolucié de la mateixa. Sempre que existeixi obligacid legal.

Dataisignaturade linteressat.

, de de

BLOQUEJAR

doctorats.industrials.sur@gencat.cat - doctoratsindustrials.gencat.cat

Enviament electrdnic d'una copia signada a la bdstia de correu del Pla de Doctorats Industrials: doctorats.industrials.sur@gencat.cat
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Despite the current advances in the area, further research is needed on the integration of scheduling and route planning processes, which are often analyzed separately, as it is a key element in distributed strategies. An appropriate balancing of the level of decentralization in distributed decision-making processes is also desirable, as a reduction of the amount of non-local information managed entails less computational and communication power effort and, at the same time, improves robustness, flexibility, and scalability. Moreover, market-based strategies in task assignment could be ameliorated with local optimization algorithms and take into account side constrains including space, time, capacity, battery level... Another important point is the development of strategies dealing with the simultaneous scheduling of multiple types of materials and heterogeneous AGV fleets, i.e. where different AGV models coexist. Route execution processes would benefit of allowing AGVs to eventually leave moving lanes in order to better sort out collision-avoidance and deadlock situations. As for deadlock prevention, low rule-based strategies require less computational effort. Finally, the ability of algorithms to work in mixed scenarios, with different control paradigms, is also a challenging task.

The thesis will be focused on the development of distributed control strategies for the traffic management of AGV-based in-house transportation systems encompassing: 
• the task scheduling and route planning of the fleet in an integrated fashion and with a high level of decentralization,
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