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1. PROJECT EXECUTION

1.1 Summary description of project objectives

This final activity report consists of brief infoation on key project action carried over the full

duration of the project (16 October 2006 — 15 OetoP008). The purpose is to report on the
progress in terms of activities and results in cehee with the Project Programme. The document
intents briefly to show and describe the objectiged results achieved according to the project
work plan.

SCOOP is a Cooperative Research project supporyethd European Commission in Sixth
Framework Programme (Contract number: COOP-CT-ZIB¥#98). The aim of this European
Project is to develop an advanced software toolgded to manage the cutting process of wood
based panels. This tool must minimise the panedistey considering the processing sequence of the
pieces, because the efficiency of the productiatess depends on the organization of the pattern
sequence. In fact, a part type is generally prodidigeseveral cutting patterns, and lots of parts of
the same type are output by the system only whiethalpatterns producing that part type have
been activated. In particular SCOOP is a CooperaResearch project aiming to improve the
production for the small to medium sized furnitindustries, as well as for the semi-finished goods
companies that employ C.N.C. panel sizing censes {ig. 1).

The most relevant problem in wood-working entegsisonsists in an optimal selection of standard
stock sizes and cutting stock sheets into smalieceg according to specified requirements
(number and type of pieces, cut and machine festylan layout etc...) so that the waste is
minimized. The efficiency of the production procedso depends on the organization of a good
production scheduling and a good cutting pattegusgce in order to minimize the maximum

number of open stacks improving the automated maateandling systems (see fig. 2).

In particular, the main goal of the project hasrbdee development of technologically advanced
software tools to being used to support the cuttipgrations in the furniture industry in order to:

1. Reducing the cost of the raw materials usage iriuttreture industries by means of:
a. waste minimization through the adoption of optisetis of cutting patterns,
b. optimal reuse of material, when applicable,
c. optimal stock size selection;
2. Improving the internal and external logistics byams of:
a. work-in-process minimization through optimal seqeieg of cutting operations,
b. optimal stock size selection to reduce stock assont,
3. Enabling and facilitating the introduction of autated material handling systems
a. minimization of the maximum number of open stacksotigh optimal pattern
sequencing,
b. specification of a Manufacturing Execution SysteWES) based on Advanced
Process Control (APC);
4. Improving the internal organization of labour
a. standardization of cutting operations,
b. improvement of the cutting process, e.g., reduatibthe number of machine set-ups
and the set-up times,
c. improvement of material handling through optimalct size selection,
d. reduction of part transfers in the shop floor tlylowptimal pattern sequencing.



From the preliminary analysis conducted in thetdinionths of the research comes out that the
main organizational problems lie in the interactimatween cutting operations and work in process
management. However, the mutual impact of pandinguiand cutting pattern sequencing has
rarely been a subject of study and only little casneral software considers this aspect.

During the first stages we have been compiling rimition about the panel cutting process in
Italian and Spanish companies, because the softs@eeification should be created taking into
account real users’ needs.

According to the compiled information we observasl many deficiencies in Spanish companies as
in Italian companies. The companies consider thay tmust overcome these deficiencies to
produce in ideal conditions. The biggest probleratected were unavailability of machines and
tools (33% of companies in both countries), an#t lafcqualified operators (18% in Spain and 26%
in Italy). Enterprises interviewed agreed thatran costs in the production process are labour and
machines, rather than raw materials (between 36¥#a% of interviewed companies). Around 36-
40% of companies, considered that material handlimdjtransport are excessive.

The research project las24 months. Among the objectives mentioned above, the maesdrave
been reached during the first year and the firstthmof the second year through the development
of advanced optimization algorithms. The developmeihna software prototype integrating the
software artefacts started during the first yeat iamwill be completed and tested during the second
year.

The main innovation of the project consists in the conception antomated cutting machines
equipped with control systems based on advappgdization methods. The adoption of a system
architecture, inherently flexible, that appliestbekact and heuristic optimization methods recently
developed mainly in the operations research figls, considered by the partners of the project to
be asubstantial step toward the improvement in the management of panel sizamgres in furniture
industries.

SCOOP Project focuses on Small and Medium Ent@pi(SMESs) devoted to the manufacturing
of semi-finished components and finished goods ftoniture market by means of computer
controlled wood-cutting machines and automated radtieandling devices.

Several optimization problems arise and interactdoh other in the context of industrial cutting
processes. Among them, the most relevant surdhlei€utting Sock Problem (CSP) that consists
in cutting raw material or semi-finite componente@ding to a specified demand, technological
constraints and organizational requirements whil@mmzing the total trim loss. The more general
version of the CSP can be stated as follow: pargiven sizes must be obtained from stocks of
given sizes so as to fulfil a pre-specified demangbarts associated to a planning horizon, and
minimise the total trim loss.

However, the efficiency of the cutting process doatsexclusively depend from the material usage.
Also the organization of cuts, i.e., the cut segeertan affect the total production costs. Indeed,
each part type is generally produced by severaépet and lots of parts of the same type remain
into the system until the last item of the relevéype is produced, i.e., until all the patterns
producing that part type have been activated. Adteern Sequencing Problem (PSP) deals with the
scheduling of cutting patterns and with the optatian of some production parameters such as
open stacks, intermediate inventory levels and kted lot completion time. Mathematically
speaking, the cutting pattern sequencing is a déficult optimisation problem that still needs a
significant effort of study. Finally, the cuttinghgse is just one step of a complex production
process involving not only decisions about cuttiqgerations of raw material, semi-finite and final
components possibly performed in different (andagiy physical locations, but also production
and inventory planning decisions (lot-sizing, tr@amgation, storage, accounting etc.) having a non
negligible impact on a significant part of the slypghain. From the preliminary analysis conducted
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with furniture enterprises, partners comes out thatlot-sizing problem related to the incoming
raw material (e.g., the stock size selection problés considered of marginal interest by the
production managers. Therefore, the objectiveqdptimal stock size selection), and 2.b (optimal
stock size selection to reduce stock assortmentg mot been considered relevant during the
development of the research activities: the RTOoperers after the first technical meetings with
the companies, they decided not to take them iobsideration.

Instead, they believe that the main organizatigomablems lie in the interaction between cutting
operations and work in process management. Howélermutual impact of panel cutting and
cutting pattern sequencing has rarely been a dubjestudy and only few commercial software
consider this aspect. The state of the art in fieisl shows that the automation of the cutting
process is not efficiently optimised: the abovelems are often considered as stand-alone and the
available management and decision support systeemsoatailored for SME'’s needs.

During the first year of the research project tiéofving main objectives have been reached:

a) the general organization and the production presess SMEs operating in the furniture
market have been analysed;

b) optimisation models for plywood cutting stock angtting pattern sequencing problems
have been developed;

c) optimisation algorithms and solution techniques the above problems have been
developed and tested;

d) heuristic-search methods for the cutting sequenginblem have been developed and tested
on real instances coming from furniture enterprises

e) the research results have been disseminated luetign of SCOOP website.

Whereas, the second year has been mainly focugeadb these objectives:

f) Produce a prototype software of architecture basetthe models and algorithms developed
g) Testing the algorithms developed and make a cosgatd existing literature

h) Testing the methods developed on real problemscamiparing them with commercial
software used in partners enterprises

i) To perform a structural design, a relational DB elbdg and code development in C++,
Java and .NET integrating all the SMEs availabfpims.

J) Toinclude advanced optimization algorithms andriséias in a user friendly interface
usable by furniture employers.

k) To provide an Integrated Software Prototype (ISRarable in intranet/extranet, easy
updatable and customizable for SMEs

[) Installation of prototype software in different future SMEs for testing.

m) Testing of performances and optimization level acéd

n) Comparative validation of quality and flexibilityf prototype software

0) Overcoming non-technological barriers related toabceptance of IT tools

p) Promoting awareness and sharing knowledge on #te sf the art know-how and on what
it is possible to do in order to improve furnitwempany performance and as to respond to
market pressures for continuous innovation andgs®es optimization;

g) To involve many other companies, also belongingtteer sector, in order to frame new
transfer hypotheses of research results.

All such objectives have been fully achieved wittha following eight Work Packages:
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WP 1: PROCESSES ANALYSIS AND TECHNICAL REQUIREMENJEFINITION
(LEADER CONTRACTOR: COSMOB)

WP 2: OPTIMIZATION MODELS FOR CUTTING, PACKING, SCEDULING AND IN-
PROCESS INVENTORY CONTROL (LEADER CONTRACTOR: UNI\QY

WP 3: OPTIMIZATION ALGORITHMS FOR CUTTING AND PACKNG
(LEADER CONTRACTOR: UMINHO)

WP 4: ALGORITHMS FOR PATTERN SEQUENCING AND PRODU(N SCHEDULING
(LEADER CONTRACTOR: UNIVPM)

WP 5: SOFTWARE PROTOTYPE DEVELOPMENT FOR SHEET AUNG AND PROCESS
OPTIMIZATION (LEADER CONTRACTOR: SOFTEL)

WP 6: TESTING OF SOFTWARE PROTOTYPE IN CONSORTIWWUJRNITURE SMES
WP 7. PROJECT MANAGEMENT AND MONITORING

WP8: EVALUATION AND DISSEMINATION OF RESULTS (LEADR CONTRACTOR:
COSMOB)

1.2 Contractors involved

SMEs

- Mobilpref SpA — Ancona (I) Semi-finishedfurniturearticles
- Softel Srl. — Terni (I) — Software and ICT solutsotlevelopment;
- Benicarldo Moble 2000 s.l. — Benicarlo (E) - Furiighdesign and production.

RTD performers

- Universita Politecnica delle Marche (UNIVPM) - Dipianento di Ingegneria Informatica,
Gestionale e dellAutomazione -Ancona — (I) - BobjCoordinator;

- Universita degli Studi di L’Aquila (UNIVAQ)- Dipannento di Informatica L’Aquila (1);

- Universidade do Minho — Dept. Producao e Sistetd®dlHO)- Braga (P).

OTHER ENTERPRISES and END-USERS

-  COSMOB Consorzio del Mobile — Pesaro (I) — Sergester for furniture industry;
- AIDIMA - Valencia (E) — Asociacion de Investigation Desarrollo en la Industria del
Mueble y Afines

Co-ordinator contact details

Prof. Ferdinando Pezzella

Dipartimento di Ingegneria Informatica, Gestionaldel’ Automazione (DIIGA)
Universita Politecnica delle Marche — Ancona, Vi@&e Bianche, 60131 Ancona (Italy)
Tel.: +39 071/2204826; Fax: +39 071/2204474; e-madlzzella@diiga.univpm.it




1.2 Work performed, major achievements and degreeotwhich SCOOP objectives have been
achieved

The main achievements for each WP have been tlosviab:

WP1: Analysis of the cutting processes and definit@mnthe technical requirements in
Italian and Spanish furniture enterprises, in oreprovide data input for the following
work packages. The main objective of WP 1 has lieedeliver a report concerning the
analysis of manufacturing processes and the deimnibf enterprise requirements. Such
report has been used as input data by the suceessivk. The work package started
working out a questionnaire having the aim of agalihe state of the art of the Italian and
Spanish companies in the furniture industry. Thestjonnaire has been submitted to a
selected list of Italian and Spanish enterprisepeetively by COSMOB and AIDIMA.
Once all the results have been gathered, a whtdeviaw data analysis has been done. The
main objective of this work-package has been toveleh process and flows analysis report,
and this has been delivered through deliverab@1).(

WP2: The activities of WP 2 have been mainly focusedtlte objective of developing a
closed-loop heuristic algorithm for minimizing trilmss using a limited numbearof open
stacks. The starting point of work has been a colgeneration-based heuristic algorithm
with a closed-loop architecture which seek for aadecutting patterns that minimizes trim
loss under the important technical constraint ahdpeschedulable by requiring a limited
number of open stacks over time. Three algorithmfigarations were developed: One
standard and two advanced. In all the configuratai.inear Programming (LP) solver has
been used to obtain the linear relaxation solutiohstaged cutting stock problems, as
described in deliverable 2 (D2). In the second yelanced algorithm versions using dual-
driven search and partial pricing has been develdpereduce the computational effort.
Finally it has been a fourth algorithm version whiacludes both the advanced features
described above and replaces the pricing oraclenkydesigned for 2-dimensional 2-staged
guillotine cutting patterns, and the LP solver bghareware one. The algorithm has been
tested on real two-dimensional instances of theomsitained version of the cutting stock
problem provided by Mobilpref. The outcome is venyeresting and promising: near-
optimal solutions were found in all cases in fractof seconds.

WP3: The activities of WP3 have been mainly focusedqgpally on the objective of the
development of the algorithm testing and the comparof computational results with
those by existing literature. The main objectivetto$ work-package has been to deliver a
research report with identification of the innovataspects of the problem and comparative
computational study of algorithms developed withestalgorithms proposed in literature
through deliverable 3 (D3). The main achievementtie second year was the conclusion of
the research with the development of algorithmaioimize the trim loss in cutting stock
problems and comparative computational study ohpexblems of the partner enterprises
of the algorithms developed delivered in the delide (D4). The optimization tools
developed were integrated into a package that eamdeessed by the Graphical User
Interface developed by SOFTEL and integrated witheo algorithms developed in the
project. Extensive computational tests were perfminio assess the quality of the
algorithms, solving instances provided by partr{&®g2000 and Mobilpref) and instances
generated randomly. The computational tests foirtiances provided by the partners have
been effectuated for the heuristic and exact algms developed in WP3 and for the
algorithms currently used by the companies, Optiplag and Optisave respectively, have
been compared using the same type of cutting puweedchoice of setting) in both
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algorithms. The current versions of the heuristisseloped produce results thate
consistently better than the results presentechén literature and have been compared
favorably, in terms of waste, with the softwarerently used by Mobilpref and BM2000.

WP4: The main objective of this work-package in thestfiyear has been to deliver a
research report about algorithms for the solutibthe cutting pattern sequencing problems
and comparative computational study of algorithnevedbped.The main objective of
pattern sequencing was to minimize the number tétgarequired by a sequence, i.e. the
maximum number of open stacks around wood-cuttirechimes (MOS). Furthermore
among patterns sequences having the same MOSs bden chosen the sequence, which
has minimum time of open stack (TOS), i.e. the timaumber of different cutting patterns
that stacks remain open, so as to reduce the digj@ersion of the pieces among the cutting
patterns. This report includes depth survey of texgswork in recent literature about
solution techniques for pattern sequencing problenasfor the integrated cutting-stock and
pattern-sequencing problem. Moreover, a detailedeyuhas been developed on available
commercial software for panels cutting. These agmeents have been delivered through
deliverable 5 (D5). The main achievement for theosd year was the conclusion of the
research on genetic algorithms to solve the miration of the maximum number of open
stacks. It consists in the deliverable (D6) reaiznd in the testing of the developed
methods on real problems of the partner enterpasdshe comparison of results with those
by the existing literature. The optimization todeveloped, based on metaheuristic methods
for cutting pattern sequencing in automated parehcg systems, were integrated into a
package that can be accessed by the Graphicallltseface developed by SOFTEL and
integrated with other algorithms developed in thejgrt. The activities related have been
fully accomplished developing metaheuristics methdésed on genetic algorithms to
minimize the Maximum number of Open Stacks (MOS) amme of Open Sacks (TOS).
Finally, a new version of the genetic algorithm Heeen tested on both real instances
provided by Mobilpref and BM 2000 partners and Ilenark instances from the literature
obtaining optimal solutions with reduced computadiotimes and compared favorably, in
terms of the MOS, with the software currently usley Mobilpref and BM 2000.
Furthermore, in the second year different altemeatcoupling schemes for pattern
sequencing and cutting stock problems have beemgregs integrating metaheuristic
methods for pattern sequencing developed by UNIVd& heuristic methods for cutting
stock developed by UMINHO (see an example in figR3)bsequently these methods have
been implemented in the software prototype develdgyeSOFTEL (D7).

WP 5. This WP - Software prototype development for sheatting and process
optimization - is mainly dedicated to Software Btgpe project and development both for
general software architecture and GUI definitiohe premises for software implementation
had been the general system requirements and tieidnal specifications, that have
determined what exactly the target application mdst All requirements have been
thoroughly defined and documented.

The optimization algorithms and techniques expente@ in WP3 and WP4 had been
integrated in the user prototype software. The naaimevement of the work-package has
been the production of an integrated software pypgocoded in C++, Java and Microsoft
.NET languages. The software, implement both amropdtion for the generation of the
cutting schemes (CSP) and an optimization for teltn Sequencing (PSP) based on high
quality and high performances optimisation algonsh All the processes optimized data and
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strategies had been properly sent to the softwaveaament and stored in a relational
database for user presentation. A proper E/R mbdsl been implemented and tested
starting from the SMEs specifications already edpwmed with cutting optimization
software. This integrated software prototype inglgdgraphic user interface and external
database management represent Deliverable 7 (IhWé).most important software features
and characteristics have been presented in ausaftmanual. This manual has also been
translated in Italian because Italian SMEs wooepaorking personnel are not particularly
skilled with English language.

WP 6: This WP is concerned withthe testing activities of the optimization software
performed inside Consortium SMEs Mobilpref and BMQ0OThe main achievement was a
report delivered in D8 containing the results dmel¢onsiderations made during these tests.
Deep organizational different situations betweenbNpowef and BM2000 have been
encountered. Mobilpref cuts the panels for hismustrs (cut optimization is very important,
typically no over-production is made), instead BNQGs a company that directly produces
furniture (cut optimization is not so crucial, opesduction is normally done).

Real instances of Mobilpref and BM2000 using SCOépHEmization software have been
tested The aim to made to a general purpose appfidaas determined a great involvement
of RTD performers for corrective actions and nematsgies for the optimization algorithms.
The most important issue that significantly modife optimal solution are items rotations,
number of cutting stages and maximum number oéuéfit types of item allowed for each
board. A further analysis of market software innterof parameters setting for meeting
custom needs has been made too directly contampiigpization software

A comparative analysis of computational resultdwiite market software already used from
Consortium SMEs (Optisave for Mobilpref and Optiplang for BM2000) has been made .
Finally an evaluation of software performances Hottcutting (CSP) and sequencing (PSP)
has been carried out (see a real case in fig. £and

The final activities of this work package have bedée actions for overcoming non-
technological barriers related to the acceptand@& adols.

In particular some learning modules for SME woodweos have been developed
concerning SCOOP optimization software, cutting aaquencing optimization techniques,
evaluation of optimization in terms of performamogexes.

The developed training modules for employers reggrdlabour organization and
optimization software use are available on SOFTEippetary E-learning platform E-Lite
(http://www.e-lite.bi). These activities are reported in Deliverable 9)D

WP 8 Regarding the evaluation activity, it has beewetlgped a questionnaire aimed to
evaluate the project progress. This questionnaiseheen used by the coordinator as tool to
evaluate the project progress; this tool has babmited to all partners.

For what concern the dissemination activity, wasated a project web site as foreseen in
the project work plan, so as to spread and enhpraject results and create links with all
other stakeholders’ websites. The official SCOOBjdet Web site is available at the
url:http://www.scoop-project.net.¥Web site, visited by about tree thousand usexrs,bdeen
developed by SOFTEL with the contribution of théestpartners concerning the technical
and scientific contents (see D11)

Concerning the dissemination activity, the projeeb site was continuously updated so as
to spread and enhance project results and newsghrtéOSMOB newsletters to all relevant
stakeholders.

The main events organised, or to which the mostpaftners have participated, to
disseminate SCOOP results and research activiwes been:




» FIMMA (International Fair of Woodworking Machineryand MADERALIA
(International Suppliers Fair for Furniture and Wlolmdustry) 7- 10th November
2007, Valencia,http://www.fieretv.com/feria_ficha/FIMMA+Madralia€®7/ief23/
(AIDIMA);

* COSMU (FURNITURE and HABITAT SECTOR INTERNATIONAL
CONGRESS) held in Valencia the 5 and 6th Novembef072
http://www.infurma.es/es/formacion/noticia/194.ésh (AIDIMA);

» 13°Congresso da APDIO (Portuguese Associationpef&@ions Research), 102008,
Universidade de Tras-os-Montes e Alto Douro (UTABila Real, Portugal, 17-19
March 2008.

» 5th Euro Special International Group on Cutting aR@cking (ESICUP)
International meeting at L'Aquila 21-22 April 2008UNIVAQ-UNIVPM),
http://www.fe.up.pt/esicup/extern/esicup-5thMeeting

= "Column Generation 2008" International Workshop@uiumn Generation held in
Aussois, France in June 17-20, 2008.

» XYLEXPO Biennial world exhibition for woodworkingethnology held in Milano
the 24" June 2008http://www.xylexpo.com/eng/index.cfm?id=5

» International Workshop: Wood furniture sector oakonnovation, growth and

Development, Pesaro, 30th Jurd8 2@itp://www.cosmob.it{ COSMOB);

» Associazione lItaliana di Ricerca Operativa (AIR@nnual Conference, Ischia
(Italy), September 200&ttp://www.airo2008.unina.it/

» Scoop Final Conference on “Innovative systems lier dptimization of production
processes in SMEs of the furniture sector” “ Angad@ctober 2008yww.scoop-
project.net (UNIVPM — COSMOB)

= Scientific workshop at University of Minho, Bragaqftugal) 13 October 2008.

Moreover articles and publications on scientifiarjoals developed in the project by RTD
partners are reported in details in deliverablé122).

Other articles and information have been printedl iaserted in the sector Magazine (both
paper & digital magazine) called AIDIMA INFORMA wth was spread and distributed to
all consortium companies in Spain. The disseminatiork done woke the interest by some
Spanish companies which have been in touch withIMKDO staff. Therefore AIDIMA
guaranteed they would be informed about the pregaed how to prove the new software.
Besides ADIMA, such kinds of activities have beésoaguaranteed in Italy by COSMOB,
the partner leader of the WP 8 through: Brochupeime (see fig.6), Web-site Updating (see
fig.7), Dissemination Plan Updating and the pagpaation to sector Italian fairs.

1.3 Methodologies and approaches employed

The research activities, which started at the beggof the first year and lasted till the
second month of the second year, have been dewelopstrict cooperation amongst the
three Universities: the Universita Politecnica éeMarche- Dipartimento di Ingegneria
Informatica, Gestionale e dell’Automazione (IT)etbniversita dellAquila- Dipartimento
di Informatica (IT) and the Universidade do Minlept. Producao e Sistemas (P).
Research activities have been carried out throdgh implementation of the WP 2-
Optimization models for cutting, packing, scheduling and in-process inventory control, WP

3 — Optimization algorithms for cutting and packing, WP 4 —Optimization algorithms for
pattern sequencing and production scheduling.

The tree RTD partner have developed optimizatiodet®and advanced exact and heuristic
optimization algorithms to solve both cutting stgekblem and pattern sequencing problem
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in an integrated approach. Such algorithms have bgegrated in the software prototype
developed by SOFTEL.
Evaluation of efficiency and effectiveness of thgoaithms has been obtained by:

e collecting real problem instances and, when ndtcsent for a sufficiently large test
bed, using benchmark instances available in liteeat

e classifying problem instances according to size gme; testing according standard
measurement of algorithm efficiency and soluticie@fveness;

e comparison of alternative solution methods withultss obtained by commercial
software utilized in Mobilpref and BM 2000.

To do that, RTD performers had several technicaétings each other to which it was
fundamental the participation of the SOFTEL, thama company in charge of the software
design and development (WP5). Moreover, it was aisally important the strong
cooperation by the other two SMEs partners whiadvided the Universities and SOFTEL
on necessary data to test SCOOP software on theiirgstances and interesting suggestions
to improve the algorithms developed (WP6). Suchr@pghes allowed the achievement of
the relevant objectives within each work package.

1.4 Achievements of the project related to the statof art: impact of the project research
sector and on its industry

The main result achieved have been:

= Advanced optimization methods to solve complex [@wis arising in the management and
control of cutting processes adopted by Europeak$sM the furniture sector

» Advanced software tools to support a wide set efations related to the wood-cutting process
in the European furniture industry

= A prototype of decision support software able ttegnate the state-of-the art optimisation
features for cutting stock, production schedulipgttern sequencing in systems control
modules of automated panel-sizing centres.

The optimization problems arising in the furnitumdustry are very complex, and in general SMEs
are not able to efficiently solve them without extd collaboration.

The main innovation of this project is the conceptof automated woodcutting machines equipped
with control systems based on advanced optimizatiethods. These methods represent the core of
software tools used by CNC machines for wood paneélng.

The resorting to new heuristic and exact optim@atnethods recently developed in literature is a
substantial step toward the planning and contrdlesible manufacturing systems for the furniture
enterprises.

The meetings with SMEs allowed making aware compamnagers of the potential of the
optimization methods to improve the cutting procddse experimentation on real data of the last
version of the software created by SOFTEL alloweaking comparisons between the results
achieved by the developed algorithms and thoseir@otaby the commercial software such as
Optisave of the GIBEN International and Optiplamnof the BIESSE Group, which are currently
used respectively by Mobilpref and BM2000.

Moreover SCOOP software put in evidence a clearorgment of the trim loss for the cutting
stock problem and the maximum number of the opackstsimultaneously opened in the pattern-
sequencing problem.

Finally we can say SCOOP optimization software biss®ewoodworking SMESs in several ways.

11



First, participating SMEs has improved their apilto enhance production results in term of
performances indexes.

The SMEs also acquired valuable expertise. Thig allbw the companies to continue their
technology adoption efforts, for example conductingechnology evaluation to determine their
next software purchase.

By applying the methods learned through SCOOP¢timpany can identify a strategic capability,
can examine candidate software packages, negotitltethe vendor to obtain the software they
want, and implement their optimization strategighewut help from SCOOP personnel.
Furthermore, the body of knowledge gained can hiedp SMEs to avoid many pitfalls, while
streamlining their efforts, and improving their obas of technology adoption success.

The most important benefit for SOFTEL is to be thiellectual property rights (IPR) owner of
SCOOP optimization software : The development &f software has been possible thanks to the
strict collaboration with RTD performers and woodking partner SMEs. The quality of results in
comparison with other commercial software and teorted usability can be really interesting
parameters for a future market placement of themumtor. Contacts with sawing machines
producers have been established during XYLExpo béxn in Milan and some of them are
interested to test the software and to define Rloofation with SOFTEL in the next future.
Moreover, another important WP realisation delidene (D9) was the planning of the training
modules for employers regarding labour organizatn optimization software use that are
available on the e-learning platform of the SOFTE&mpany fttp://www.e-lite.bi3.

1.5 Short comments and information on co-ordinatioractivities in the period

Many work meetings have been made by coordinatgetter with COSMOB, SOFTEL and
MOBILPREF in order to coordinate and focalise reskes on necessities of SMEs partners. Visits
to BM 2000 and Mobilpref plants have been usefugabher information and data on the cutting
processes and software adopted by the enterpAsesmber of real instances from Mobilpref and
BM2000 have been collected and a database is nalab\e. For each instance, the database
contains the input and output data for the cuttstgck and pattern sequencing problems. In
particular, the output data actually are the resaltrrently implemented by industrial partners in
terms of both cutting patterns and related prongssequence. Also a database with a collection of
literature benchmarks has been set-up. The minoftdsansnational meetings are delivered in
(D10).

1.6 Deliverables of the SCOOP project

D1- Processes and flows analysis report

D2- Mathematical models and decomposition schemes

D4- Final package integrating optimisation tools

D6- Experimental results on real world problems

D7- Integrated software prototype

D8- Software testing results and comparative amalyith the previous performances

D9- Training modules for employers regarding laborganization and optimisation software use
D10-Preparation and circulation of minutes of megi

D11-SCOOP web site and Internet publications

D12-Dissemination plan including publications améF conference
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1.7 Photos and reference to the public website

Key:

I- Plate loading stations

2= Plate book maker

A Book rotaling system
Control 4 Longitudinal saw

Staﬁnn A- Tramsversal zaw

- Book rotating system

7= ltem unloading station 1

#- leem wnloading station 2

G- Teem unloading station 3

0= Ttem unloading station 4

[ 1- Ttem unlosding station {manwal}
[2- Book rotating system

[ 3- Hook transporier

[ Waxsie dizintegrator

15-18 Pallet devices of unloading stations

Fig. 1 Scheme of a panel-sizing center (cutting machine)
From: Optimising the cutting of wood fibre platestihe hardboard industry, R. Morabito and L. Bellw£JOR, 2007

Fig. 2: An automated handling materials system fowood panels in an furniture enterprise
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Parts list

Item code Quantity required Length Width
16 977 1121
8 961 481

3 20 952 194
Summary
Panel b helwidth Y59 1otal waste (%) MOs TOS
Length panels
2100 2550 14 22.42% 2 4

Pattern: 1
Repetitions: 4
Waste (%): 13,76%

Pattern: 2
Repetitions: 6
Waste (%): 31,02%

Pattern: 3
Repetitions: 4
Waste (%): 18,19%

2 2 A
]
4
3 3 2
/]
A
/]
A IIIIJ

%

’
1 1 :
)
¥
)
’
1 1 .
v
)
S

Fig. 3: An example: parts list with cutting patterns and pattern sequencing optimization
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Pats | Raw Moteridls | Cuting Layer| Sequencing

| Company
b | Mobipr
Mabilpref
obigre
Moblref
Mobilpref
Mobilpret
Mobipre
Moblref
Mabilpref
Mabipref
Wobipre

Instance_File

1460012

1480018

1460018
1460078

1460018

1480018
1460013
1460018

1460018

1480018
1460018

Instance

11
1
1

Code_tem

1

| Lo

en

Length

Fig. 4: Parts list included in a customer instancerdered by code item

| Parts | Raw Materials Cuiting Layer Sequencmg

Description
1460018
1480018
1450018
|14g0078
| 1480018
1eg00Te
1460018
|14m0018
1460078
1480018
1460018

Rotate_Alowed

o e e o

3:5420 x| 3: 5420 %
8730 8730

3:5420 x| 3:5420x

8730 8730

315420 x
8730

315420 x
8730

4230 x
5420

4230 x
3200

3:5420 x| 3: 5420 x
8730 8730

315420 x| 3:5420x

8730 8730

3 i 5420 x
8730

3i 5420 x
8720

4230 %
5420

4230 %
3200

Cutting optimization summary report

Used board

& : 37600 [mm] x 18600 [mm] - liscio

Number of panels =~ 241

Total waste

117 %

2x 1 (Pattemn 35)

3x 34 (Pattem 36)

4 x 80 (Pattem 70)

5x 4 (Pattem 150)

61 (Paltem 154)

7x 6 (Pattem

Fig. 5: SCOOP software: cutting patterns optimizaton with the number of used panels and total waste
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Reduce the cost of the raw materials
= optimal stock size selection in cases of two-stage cutting
processes;
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sets of cutting patterns;
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fig. 6: Brochure of the SCOOP project
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Work Programme
The SCOOP project is organised into 8 work packages (WPs):

1. Processes analysis and technical requirement definition

2. Optimization medels for culling, packing, scheduling and
in-process inventory control

3 Optimization algorithms for cutting and packing

4.  Optmization algorithms for paftern seguencing and
production scheduling

&. Software prototype development for sheet cutting and
process optimization

6. Software lesting results and comparalive analysis with the

previous performances

Project management and monitoring

Evalualion and dissemination of results

&~

Some of thesa WPs ara carried out in parallel, in order fo reduce the
duration of this project.

Supported by the European Commission

The SCOOP project is a "Cooperative Research’ funded under
Specific Research Projects for SMEs of the Sixth Research
Framework Programme (Contract Nr. COOP-CT-2006-032998).
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2. DISSEMINATION AND USE

The main objectives of the SCOOP Project DissenamnaStrategy can be listed, in brief, as
following:

¢ To create awareness and to communicate projecttgeand benefits to widest possible
audience.

¢ To target specific audiences that will benefit frohe results, in order to reach the largest
number of European Furniture Companies and sta#tetwl

¢ To identify and to use a variety of techniques pgrapriate for the content to be delivered to
target audience.

The main techniques used during the SCOOP Projexct the following:

¢ Reports for internal circulationwithin the project, which objective are to:

o Fully document all data collected by the projead am ensure that all the partners
have access to these data

o Provide sufficient analysis that the data can bedetstood and trends can be
identified
There will be mainly three types of reports: mirsutef meetings and actions agreed,
presentations of workpackage progress update, SQ@@Bletters.

¢ Presentations at conferences and seminars, classesse will be used in order to:

o Stimulate interest in SCOOP project results aneémil benefits
0 Reach wide and varied audiences
o0 Stimulate discussion and feedback

Presentations are short and should be focused @avel dimited topic in an interesting and
stimulating way. The emphasis should be on resutsclusions, models, issues and
implications, not on data and methodologies.

All partners are encouraged to use opportunity éxempresentations at conferences organized
by their own organization. a standard PowerPoies@ntation is available on the reserved area

the SCOOP project portaifww.scoop-project.net

¢ Workshops and expositionss for conferences, are opportunity to sharelteeand stimulate
discussion. The format allows more detailed pregent of results. Partner’ organizations will
also use the opportunity of disseminating infororatat workshops organized by their own
organization, as well as at workshops to which teyinvited.

¢ Publications articles, posters and other literature that compaie the detailed activities,
results and benefits of the project. Publicationdl Wwe the main way that the project
communicates results and conclusions to the outsideld. The objectives for using
publications are to:

o Communicate project results widely
0 Reach specific audiences that will benefit fromrdssults

o Enhance the professional profiles of project pgraiots and prestige of their
institutions
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Publication may include peer reviewed journals nfpor electronic), key magazines, trade
magazines, conference proceedings, and book. Santeeps have their own magazines, for
those project partners will be encouraged to pizglithe project trough articles.

¢ Use of the SCOOP website, other partner’ webs#aes electronic media in order to generate
awareness of the project. The project website (hityww.scoop-project.net/) will be used to
carry information about the project at both a sumynaand at a detailed level. For the partners
will be available a specific access to a dedicatege and to the workprogrammes.

Moreover, the tools that have been usedn®iissemination activity are the following:

¢

Conference, seminars, exhibitions and classes: their advantages are the high profile and the
high contact with audience. These tools requird hegel of resources, and they could have
a potentially low impact on practice. So the pmfilepends on nature of the event and
speakers.

Conference proceedings. the target of this tool are only the readerspaicsalized press

Newdletters: provide a clear and effective way to disseminbéeresults of the project. They
can be distributed to a mailing list of partnemshtacts, and are a good means of introducing
new people and organizations to the project’'s w@lt to write a newsletters requires
significant resources and partners collaboration.

Publicity leaflets: the aim of this tool is to disseminate the prbjicthe public level. The
persistence of the information during time is hagiad can be relatively low cost.

Poster: this tool must be used with key audiences becthus@roject is synthesized into a
single image.

Newspapers. an article can help to “get a name” and can gead way to promote results of
research, even if its impact is hard to evaluate.

Trade magazines. are useful for disseminating relatively detaileformation about the
project outcomes.

TV and Radio: media have potential to reach a large audierceaise the profile and to
make an impact. But some negatives points:

Insufficiently targeted
Can be hard to access
May need assistance of a press agency, which teutdstly

The radio and local newspapers may be interestéaeimverall implications of the
project for the local economy

o O O O

Website: The internet offers a good scope for dissemigative project outcomes, even if
can only be effective with experienced users anthef right keywords are used within
search engines

Internet links: facilitate the research of the website and ireed@e dissemination.

In the following tables are reported theblishable resultsof the project:
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Result n° 1: Researchreport on mathematical programming models and dposition schemes

Description of exploitable result

Development and testing optimisation models fordinging stock and pattern sequencing
integrated problem taking into account SMEs pedtiks in the furniture enterprises. Design,

development and testing of an integrated heuradtjorithm with a closed-loop architecture to find

a set of cutting patterns that minimizes trim lasder the important technical constraint of being
schedulable by maintaining over time a limited nembf open stacks

Possibile market application

Market of machinery and systems involved in proicgse/ood, glass and stone
Software services for production optimisation imiture enterprises

Stage of development

Research

Type of collaboration sought or offered

Industrialization and commercialisation

Type of partner sought and task to be performed

Mechanics industry that designs and manufactusehimery and systems used to make furnitu
doors and windows, as well as complementary iteéoms fvood, glass and stone.

Software house that designed application softwaeel to program the numerical control machin
and to solve various woodworking problems, comnagdisation of software

IPR granted or published

- 5" ESICUP Meeting, L’Aquila, April 2008ittp://www.fe.up.pt/esicup/extern/esicup-5thMeeting

- Cologne Twente Workshop on Graphs and Combiredt@ptimization, Gargnano (ltaly), Ma
2008
- AIRO 2008 Conference, Ischia (Italy), September&0&p://www.airo2008.unina.it/

- Graph and Optimization Meeting 2008, Saint-Maxitairsainte Baume (France), August, 2008.

- Scientific papers submitted for publication iteimational journals:

e,

es

1. A. Aloisio, C. Arbib, F. Marinelli, Cutting Stock ®h no Three Parts per Pattern: Work-in-

process and Pattern Minimization, submitte®iscrete Optimization.

2. A. Aloisio, C. Arbib, F. Marinelli, On LP Relaxatis of the 1-Dimensional Pattern

Minimization Problem, submitted fdetworks.

Contact details

Prof. Claudio Arbib

Universita degli Studi dell’Aquila
Dipartimento di Informatica

Via Vetoio, Loc. Coppito
[-67100 L'Aquila, Italy

phone +39 0862

fax +39 0862 8731143
arbib@di.univag.it
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Result n° 2: Researclreport and comparative computational study of allgors developed

Description of exploitable result

Development and testing optimisation algorithmsther two-dimensional cutting stock problems

taking into account furniture enterprises pecti@si Design, development and testing branch and

price exact algorithms and local search heuriggor&ghms to minimize the trim loss.

Possibile market application

Market of machinery and systems involved in proicgse/ood, glass and stone
Software services for cutting processes optimisatifurniture enterprises.

Stage of development

Research

Type of collaboration sought or offered

Industrialization and commercialisation

Type of partner sought and task to be performed

Mechanics industry that designs and manufactusehimery and systems used to make furnitu
doors and windows, as well as complementary iteéoms fvood, glass and stone.

Software house that designed application softwaeel to program the numerical control machin
and to solve various woodworking problems, comnagdisation of software

IPR granted or published

- APDIO Conference on Operation Research, Villa(Baktugal), 2007.

- 5" ESICUP Meeting, L'Aquila, April 2008,http://www.fe.up.pt/esicup/extern/esicu
5thMeeting

- Column Generation, Aussois, France, June 2008

- AIRO 2008 Conference, Ischia (Italy), Septemb@d& http://www.airo2008.unina.it/

Scientific papers published in international jousna

- Claudio Alves, J.M. Valério de Carvalho, A branatdgrice-and-cut algorithm for th
pattern minimization problem, RAIRO Operations Resh, 42, pp. 435-453, 2008.

- Claudio Alves, J.M. Valério de Carvalho, New Integ@ogramming Formulations and
Exact Algorithm for the Ordered Cutting Stock Peoh| Journal of the Operation
Research Society, 59, pp. 1520-1531, 2008.

- Claudio Alves, J.M. Valério de Carvalho, A StalslizBranch-and-Price-and-Cut Algorith
for the Multiple Length Cutting Stock Problem, Camtgrs and Operations Research, 35
pp. 1315-1328, 2008.

Scientific paper to appear in international journal
Rita Macedo, Elsa Silva, Claudio Alves, Filipe Alvg J, Valerio de Carvalho, Ferdinan
Pezzella, Luigi De Giovanni, Luca Gambella, Claudlibib, Fabrizio Marinelli “2D cutting
stock optimization software survey” OR/MS today lmediion of INFORMS — The Institut
of Operations Research and the Management Sciéagailable orwww.scoop-project.ne

)

e,

es
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Contact details

Prof. J. Valerio de Carvalho

Universidade do Minho

Departamento de Producao e Sistemas, Campus deGyé&L0-057 Braga (Portugal)
tel.: +351 253 604 744 fax : +351 253 604 741

vc@dps.uminho.pt
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Result n° 3: Researclreport and comparative computational study of allgors developed

Description of exploitable result

Development and testing optimisation algorithmsthar cutting pattern sequencing problems
taking into account furniture enterprises that peseel sizing centres. Design, development and
testing methaeuristic based on genetic algoritltmminimize the maximum number of the open
stacks.

Possibile market application

Market of automated cutting machines involved ingassing wood, glass and stone
Software services for cutting processes optiminatiovood working enterprises.

Stage of development

Research

Type of collaboration sought or offered

Industrialization and commercialisation

Type of partner sought and task to be performed

Mechanics industry that designs and manufactusehimery and systems used to make furnitu
as well as complementary items from wood, glasssamie.

Software house that designed application softwaeel to program the numerical control machin
for panel sizing centres and to solve various wwodking optimisation problems,
commercialisation of software.

(€

es

IPR granted or published

- AIRO 2007 Conference, Genova (Italy), Septembeg,7

- EURO XXII International Conference, Prague, J2Q07

- 5" ESICUP Meeting, L'Aquila (ltaly), April 2008http://www.fe.up.pt/esicup/extern/esicu
5thMeeting

- International Workshop “Wood furniture sectorlook innovation, growth and Development”,
Pesaro (Italy), June 200Bttp://www.cosmob.it/

- AIRO 2008 Conference, Ischia (Italy), Septemb@d& http://www.airo2008.unina.it/

Scientific paper to appear in international journal

Rita Macedo, Elsa Silva, Claudio Alves, Filipe Atvg, J, Valerio de Carvalho, Ferdinan
Pezzella, Luigi De Giovanni, Luca Gambella, Claudibib, Fabrizio Marinelli “2D cutting stoc
optimization software survey” OR/MS today publicati of INFORMS — The Institute ¢
Operations Research and the Management Scienedlglde onwww.scoop-project.nek

p_

=R

Contact details

Prof. Ferdinando Pezzella

Universita Politecnica delle Marche

Dipartimento di Ingegneria Informatica, Gestionaldell’ Automazione
Via Brecce Bianche 12, 60131 Ancona (Italy)

tel.: +39 2204826

fax : +39 2204474

pezzella@diiga.univpm.it
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Result n° 4: Optimization software prototype for cuting(CSP) and sequencing(PSP)

Description of exploitable result

Integrated software prototype, implementing CSPR&E optimization, with a user-friendly GUI
and an external relational database managemeeinsyst

Possible market application

Optimization of Sawing and Cutting in CNC machif@swoodworking
Software services for cutting processes optiminatiovoodworking SMEs.

Stage of development

Prototype

Type of collaboration sought or offered

Industrialization and commercialisation

Type of partner sought and task to be performed

Mechanics industry that designs and manufactusehimery and systems used to make furnitu
as well as complementary items from wood.

Software house that design specific applicatiotwsre for numerical control machines used in
panel sizing centres

IPR granted or published

- Not yet registered

Contact details

Ing. Luigi Trollini

Softel Srl

Via Borsi 14, 05100 Terni (Italy)
tel.: +39 0744406160

fax : +39 0744406160
luigi.trollini@sof-tel.it

Prof. Ferdinando Pezzella

Universita Politecnica delle Marche

Dipartimento di Ingegneria Informatica, Gestionaldell’ Automazione
Via Brecce Bianche 12, 60131 Ancona (Italy)

tel.: +39 2204826

fax : +39 2204474

pezzella@diiga.univpm.it
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Result n° 5: Software testing results and comparate analysis with commercial software

Description of exploitable result

Report containing a comparative analysis of contputal results regarding real instances from
consortium SMEs Mobilpref and Benicarlo. The analyss been made comparing the
performance indexes obtained with commercial saw®ptisave and Optiplanning) and with
SCOOP optimization software.

Possible market application

Optimization of Cutting and Sequencing in woodwogkEuropean SMEs

Stage of development

Released

Type of collaboration sought or offered

No particular collaboration is needed. Comparaginalysis should be useful for woodworking
SMEs operating in the same situations of Mobil@ned Benicarlo for improving the efficiency of
their production activities.

Type of partner sought and task to be performed

Mechanics industry that designs and manufactusehimery and systems used to make furnitu
as well as complementary items from wood.

Software house that design specific applicatiotwsre for numerical control machines used in
panel sizing centres

IPR granted or published

- Not yet registered

Contact details

Ing. Luigi Trollini

Softel Srl

Via Borsi 14, 05100 Terni (Italy)
tel.: +39 0744406160

fax : +39 0744406160
luigi.trollini@sof-tel.it

Prof. Ferdinando Pezzella

Universita Politecnica delle Marche

Dipartimento di Ingegneria Informatica, Gestionaldell’ Automazione
Via Brecce Bianche 12, 60131 Ancona (Italy)

tel.: +39 2204826

fax : +39 2204474

pezzella@diiga.univpm.it

24

(€



