This thesis makes a significant contribution to the field of robotic assembly systems, with a focus on their reconfiguration to meet the evolving demands of advanced manufacturing. It addresses the critical challenges inherent in reconfiguring these systems, which are essential for maintaining operational efficiency and competitiveness within a dynamic industrial landscape. A methodology for aggregating and updating diverse data thr
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INTRODUCTION CONCLUSIONS
With the advent of Industry 4.0, the manufacturing industry has undergone 1. Development of the experience databank, which is achieved by 2. Development of the asset selection methodology This thesis contributes to the field of robotic assembly systems, focusing on
significant transformation. Product manufacturing has become increasingly a knowledge graph consisting of a schema layer and an entity layer i the reconfiguration of these systems to keep pace with the changing
customised, a trend made possible by innovative techniques such as the [ e oo demands of advanced manufacturing. The research addresses essential
reconfigurable manufacturing system. This system is designed from the outset for Schema layer 3 s challenges in reconfiguring these systems, which are vital for sustaining
rapid changes In Its structure, software, and hardware components to quickly ot ol e R— Weihtof the cancidats operational efficiency and competitiveness in a dynamic industrial setting.
respond to market changes. Robots play a crucial role in these systems, providing Task mode Reconguration modsl evaluator To fulfil Objective 1, a methodology for aggregating and updating diverse
the agility and precision required to adapt rapidly to new manutacturing processes Task ‘ tomton [*—| = candidate i data through an experience databank and ontology model, enhancing
an_d_ customlge a_nd respond to _market changes quickly action derT_\ands. Desplte the o T o ] c,ov*?‘s’lo Scol By i e decision-making within robotic assembly cells, has been established. To
critical application of robots in these systems, challenges persist. These include ccomomaton |, [recoturaton]/ ( ) | meet Objective 2, a methodology has been formulated to facilitate modular
managing data from multiple sources, such as technical manual sensor data, and the S Y // oot | | sobschecutng | | - Resouree e e e asset selection, integrating knowledge graphs and multi-criteria decision-
need for robot applications to quickly adapt to ever-changing process requirements : : — i e | - " i - - : -
to meet customelral?jemands. Fu?ther oﬁtimisation, particulzgrlyglgyout optir?\isation, IS e s Loy Experience Fuauator 2 . ﬁ':t clians makl_ng algtorlfp msd, denablcl)rllg r?_pldgadapta:;]orll tlo Ching'gg mgnuf?ctugrlg
essential to ensure production efficiency after adapting to current process i | dynamicparameters | capacity (owedge oot Unknown weights recr]]uwemen > qa Ires:f_ : e |veh @ T:el M _as_ ee_n eye opg -O
requirements. To tackle these challenges, this doctoral thesis introduces a e /" e ] oo 3 = ehnance operat_lona criclency t roug ?yOUt optllr_nlsa_t 'on i 1o .Ot'C
framework for reconfiguring robotic assembly cells in manufacturing, comprising Process model x r/ ( Stlisation rate Scom cvaluator b assel_“nbly Ce'. > |r_100rporat_|ng simulation t(.)O s and multi-objective dec§|3|on-
three parts: the experience databank, the methodology for optimal manufacturing d rr;]akln_g, faci |t_at|ng Cont_ll%uous Iproc_ess |:cnpr:overr11:ents post_-adaptatlo_n_ to
asset selection, and the methodology for layout optimisation. The experience clvl 2 Develooment of the lavout ootimisation methodolo changing requirements. The rea |s_at|on of the so tware _sun-e comprising
databank addresses the challenge of assimilating and processing heterogeneous data Capability model |/ Assets model | ¥ yout op 9y experience databank, asset selection, and layout optimisation has been
from various manufacturing sources by proposing a vendor-neutral ontology model. Capabilty (& s eyl it | ) achieved, and three (Use Cases have_ beep proposed. This validation
This model, designed for encapsulating information about robotic assembly cells, is —A = B e Expe"e"cedataba"kJ T — demonstrates that the impact of Objective 4 is not solely dependent on the
applied to a knowledge graph. The resulting knowledge graph forms the experience Combined | vec ot copeiy [ simple aman || worduare || sotware || R e software’s functionality but also on its proven applicability within real-
databank, facilitating the effective organisation and interpretation of diverse data. L [ Reconiguration e ) A world industrial scenarios.
An optimal manufacturing asset selection methodology adapts to changing s ([ e e . F il SR PrrmiSRon Tmewerk B 3 REFERENCES
processes and product requirements by identifying potential assets for evaluation. ig'ft‘?;ﬁ?;??onobjemves
This approach integrates a modular evaluation framework considering multiple Entitv laver  Decson Variabes | _ | ., )
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and robust optimization algorithms, utilising insights from the experience databank —document : recognition :%s_ A . . | N ~ ) Mo, Fan; Rehman, Hamood Ur; Monetti, Fabio Marco; Chaplin, Jack C.:
for informed deci_sion-making. This enables robo_tic assembly g:ells to meet ===l Completion_ database :rgt_hg 1 Sanderson, David: Popov, Atanas: Maffei, Antonio: Ratchev, Svetan. A
Immediate production needs and adapt to the evolving manufacturing landscape. Datase Tm;f,:y o - Framework for Manufacturing System Reconfiguration and Optimisation
The validation of these methodologies includes software development and practical B : Pattemn { cocrﬂfffféﬁﬁiliﬁleJ Utilising on Digital Twins and Modular Artificial Intelligence. Robotics and
application across three distinct use cases. —»;o::wl ) Gitt,, Computer-Integrated Manufacturing, 82:102524, August 2023.
o |
OBJECTIVES % N — Mo, Fan; Chaplin, Jack C.; Sanderson, David; Rehman, Hamood Ur;
— _ : : : : Monetti, Fabio Marco; Maffei, Antonio; Ratchev, Svetan. A Framework for
Objective 1: To develop an integrative approach for effectively managing : : : . :
heterogeneous manufacturing data within robotic assembly cells, which addresses M_ar_lufacturl_ng System Reconfiguration I?>ased on Artlf!ual Intelllgencg and
the first research question, “How can data from various sources be efficiently Results Digital TW_m' In FAIM 2022: Flexible - Automation and Intelligent
processed by integrating diverse systems and technologies into robotic assembly Manufacturing: The Human-Data-Technology Nexus, pp 361-373.
cells?”” and supports informed decision-making. Initial layout Optimised layout
Objective 2: To design a reconfigurable robotic assembly cell system that exhibits Martinez-Arellano, Giovanna; Niewiadomski, Karol; Mo, Fan; Elshafeli,
agility and responsiveness to changing market demands and product requirements, Basem; Chaplin, Jack C.; Mcfarlane, Duncan; Ratchev, Svetan. Enabling
thereby answering the second research question, “How can robotic assembly cells sy es Se poels Coordinated Elastic Responses of Manufacturing Systems through Semantic
adeptly adjust to ever-shifting process requirements, reflecting the changing Modelling. IFAC World Congress 2023, 56(2):7402-7407, 2023.
consumer market?” s . : i
Objective 3: To formulate a post-adaptation optimisation process for robotic R X R S Node abels ¥ - N
assembly cells, focusing on layout optimisation using artificial intelligence, o Ve T elIRT S T o ——— i — %- ACKNOWLEDGEMENT
knowledge graphs, and simulation methodologies, in response to the third research .2 o000 el Sheate B S es T e I
question, “How can a reconfigurable robotic assembly system efficiently optimise '+ :%.5 0%, <l &7 0 st ST A e This research Is supported by the DiManD Innovative Training Network
Its operations, especially in layout, after adapting to current process requirements?”’ Lo, s | A (ITN) project funded by the European Union through the Marie
Objective 4: To validate the strategies of the preceding three objectives through - -.: V, B o’y T M - ‘ Sktodowska-Curie Innovative Training Networks under grant agreement
software development and testing within use cases. YOI L e s i A T T number no. 814078.
M ETHODS .,'E;.;.'.',‘..;.:E._f :.f°.°;._e°°,.. 2,50 30" '.’_... . :_. e Layout Optimization with Genetic Algorithm CO NTACT
| o BCTTRT LI e S U . ! Email: omnifactory@nottingham.ac.uk
Three components comprise the proposed reconfiguration framework. R T A T
|, ------------------------- \I s |nformation flow e . B
i [ Experience databank ] i s Process flow 520
[Process newtaskJ —}[ Gcir:;?:::‘rg ]: : I~ "1 The focus of the 0
eauvemen | /'/ \'\ ! I___I PhD thesis
F’ | | 10t
ti : Generating : Optimal manufacturing Layout configuration : Configuration update
[Ge“‘??o'c’é“s? ] -*[fiz:,‘;:::;i::m} i"[mec;ﬁ:::::::.:‘;:ge 1,] [(Reco,:;':;::';:f::f;age z,]i — [ e |
u ;

Wy o e /7 Generation



mailto:omnifactory@nottingham.ac.uk

	Diapositiva 1

