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Efficient warehouse management and material handling are key
requirements to support both manufacturing and e-commerce activities.
Traditionally, Automated Guided Vehicles (AGVs) were wused in
manufacturing, and human pickers were in charge of e-commerce
warehouses. Autonomous Mobile Robots (AMRs) are replacing AGVs,
offering a more flexible form of automation, able to adapt to changing
demand patterns and able to interact with human pickers. The PhD is framed
within an industrial project aimed at developing a library of optimization
methods to schedule material handling and route AMRs in an efficient
manner.

Efficient warehouse management and material handling are key
requirements to support both manufacturing and e-commerce activities. In
the former case, materials must be picked from inventory and brought to the
shop floor, at the right place and at the right time, in order to synchronize
assembly and meet customer order due dates. The latter case is more and
more relevant in the light of the increase in e-commerce traffic. Traditionally,
automated guided vehicles (AGVs) were used in manufacturing, and human
pickers were in charge of e-commerce warehouses. Autonomous mobile
robots are replacing AGVs, offering a more flexible form of automation, able
to adapt to changing demand patterns and interact with human pickers when
needed.

The aim of the PhD is to investigate and extend optimization methods to
schedule the activities of a fleet of AMRS, which must be routed in an efficient
manner, avoiding collisions and deadlocks, ensuring safe interactions with
human personnel, and taking into due account all of the relevant constraints
(energy, order due dates, priorities, etc.). Depending on traffic intensity and
environmental uncertainty, we may apply traditional routing methods based
on combinatorial optimization, or more recent reinforcement learning
strategies. There is no one-size-fits-all solution, and the project aims at
devising a rich library of algorithmic modules that may be configured and
integrated for different application settings. Artificial intelligence tools may




support the selection and configuration process.

The references listed below provide some clues about the possible concepts
behind the development of the algorithmic modules.

It is important to stress that this is a project where sophisticated optimization
methods are framed within a real life setting. In fact, the PhD position is
partially funded by the OMERO industrial research project within the SWich
framework of the Piedmont region, whose aim is to foster technological
innovation. The OMERO acronym stands for: Optimization of autonoMous
mobilE Robots. Besides the Department of Mathematical Sciences of
Politecnico di Torino, industrial partners of the project are Spindox
(https//makeamark.spindox.it/) and RoboMove (https//robomove.it/).

An integral part of the project is to interface the algorithmic tools with
simulation modules in order to validate the chosen architecture (type and
number of AMRs, layout, etc.) and evaluate its performance, as well as to
devise operational software connecting with a factory or warehouse
information system, like an ERP (Enterprise resource Planning) or MES
(Manufacturing Execution System) tools.
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» Background knowledge in combinatorial optimization methods like
metaheuristics and matheuristics (e.g., vehicle routing, network design,
machine scheduling).

» Background knowledge in reinforcement learning.

e Suitable programming skills, including object-oriented design (eg. In

Python).




