UNIVERSITY OF NI3
FACULTY OF MECHANICAL ENGINEERING
Department for Production, IT and Management

34™ INTERNATIONAL CONFERENCE
ON PRODUCTION ENGINEERING

PROCEEDINGS

Sponsor General
Minstry of Education and Science, Republic of Serbia

September 28-30 2011,
Nis
Serbia



34" INTERNATIONAL CONFERENCE ON S
PRODUCTION ENGINEERING 5R=)e
29. - 30. September 2011. Nis, Serbia %
University of Ni§, Faculty of Mechanical Engineeri Chpa®

Miodrag Hadzistevi¢, Janko Hodoli¢, Igor Budak. Dorde Vukeli¢, Branko Strbac
RESULTS OF THE ANALYSIS ON STYLUS CALIBRATION OF COORDINATE

MEASURING MACHINE QCMMY. ... ..oty s imsimn it s e s imas s e 143
Krzysztof Stepien

RESEARCH ON INFLUENCE OF THE SENSOR POSITION ON THE RESULT

OF THE V-BLOCK CYLINDRICITY MEASUREMENT ... ... ..o, 147

Milan Kolarevié, Branko Radifevic. Miomir Vukicevic, Miso Bjelic. Ljubinko
Cvetkovié
IMPROVING PRODUCT QUALITY OF SECURITY EQUIPMENT USING SPC. .. 7 |

Vladan Radlovacki, Fadmila Jovanovic, Bato Eamberovic. Milan Delic. Sodan
Vulanovic

THE ROLE OF MANAGERS IN IMPLEMENTING QUALITY MANAGEMENT
AN R S e e R e e B B S A T L s A s 155

Peda Milosavljevic. Dragoljub Zivkovié. Predrag Jankovic, Srdan Mladenovié
THE POSSIBILITIES FOR IMPROVEMENT OF THE MAINTENANCE
PROCESSES IN THE COMPANIES ..o 159

Bojan Ranfic, Predrag Jankovic, Srdan Miadenovié, Slaviga Planié

DESIGN AND TENSIOMETRIC ANALYSIS OF THE C-CLAMP FOR
RAILROAD

oyt i ) A S SO B SR 163

Slavenko Stojadinovic. Vidosav Majstorovic
METROLOGICAL. PRIMITIVES IN PRODUCTION METROLOGY -

DNTOBOGICAT APPROACH - ccoovorennr e ovnnsmss s s satran s 167
Remigiusz Labudzki

THE USE OF MACHINE VISION TO RECOGNIFE OBIECTS ... ... 171
Jelena Micewvska, Zoran Spiroski, Jasmina Caloska. Atanas Kocov

PRODUCT QUALITY CONTROL BY USING REVERSE ENGINEERING.......... 175
SECTIONE:

CAx technologies (CAD/CAM/CAPP/CAE systems) and CIM systems

Jozef WNovak-Marcincink Miroslav  Janak Ludmula Novakova-Marcincinova,
Veronika Fecova, Jozef Barna

APPLICATION OF THE COMPUTER. AIDED SELECTION OF OPTIMAL CNC

M TG STRATEGRY o v oy e e S S A S 181

Janko Hodolig, Tatjana Puskar, Igor Bedic

CURRENT STATUS AND FUTURE TRENDS IN DENTAL CAM
RESTORATIVE

SYSTEME: - oo vns st St Bl s Sl S 185

Xl



34™ INTERNATIONAL CONFERENCE ON

20. - 30. September 2011. Ni8, Serbia

S
PRODUCTION ENGINEERING 5
)

Lol o :'H‘“

University of Nis. Faculty of Mechanical Engi i Copai®

Goran Devedzié, Sasa Cukovié, Branko Risti¢, Suzana Petrovié, Michele Fiorentino,
Tanja Lukowvic
COMBINED REGISTRATION OF HUMAN MUSCULOSEELETAL SYSTEM. ..

Radomir Slavkovié, Zvonimir Jugovié, Ivan Milicevié, Marko Popovic, Eadomir
Badiga

OPTIMIZATION OF CAD/CAM/CAE DESIGN OF THE CONNECTING PART
OF EXCAVATOR'S TOOTH THROUGH THE SIMULATION OF
MANUEACTURING TECHMNOD MY s seie o i s i s s s s

Stevo Borojevic, Vid JoviSevic, Gordana Globocki Lakié. Porde Cica, Branislav
Sredanovié

IDENTIFICATION OF FACE FUNCTIONALITY WITH PROGRAM SYSTEM
FOR PURPOSE OF MODULAR FIXTUREDESIGN ... ... ...

Dragan Marinkovi¢, Manfred Zehn
FEMIN VIRTUAL REATITY COMNCEPT .. oo sl

lomut Ghionea, Ioan Tanase, Adnan Ghionea, Cristian Tarba
APPLICATIONS BY CAM AND FEM SIMULATIONS IN ESTABLISHING THE
MILLING CONDITIONS FOR PARTS WITH THIN WALLS . ...

Nikola Konmowié, Miroslav Trajanovic, Milog Stojkovic, Wikola Vitkowié, Milan
Trifimovic, JTelena Milovanovic
TIRE TREAD MODELING FOR FEA . i

Ivan Matin Miodrag HadFistewvic, Janko Hodolié, Bordje Vukelic
AN INTERACTIVE CAD/CAE SYSTEM FORMOLD DESIGN...._................

Miroslav Pilipovié, Ivan Danilov, Nikola Lukié, Petar Petrovic
VIRTUAL MANUFACTURING - ADVANCED MANUFACTURING

SECTIONE:

Educartion in the field of production engineering

Engineering ethics

Product development — product desizn

Production systemn management

Revitalization, reengineering and maintenance of manufacturing systems

Milo# Risti¢, Miodrag Mani¢, Boban Cvetanovic
MANUFACTURABILITY ANALISIS OF DIE-CASTPARTS ...

Sofija Sidorenko, Jelena Micevska, Ile Mircheski
DESIGN OF MODULAR WHEELCHAIR. FOR CHILDREN WITH CEREBEAL

pAll]

189

193

197

201

205

200

213

223

227



34® INTERNATIONAL CONFERENCE ON
PRODUCTION ENGINEERING
28. - 30. September 2011, Nis, Serbia
University of Mi8. Faculty of Mechanical Engineering

COMBINED REGISTRATION OF HUMAN MUSCULOSKELETAL SYSTEM

Goran DEVEDZIC', 8a%a CUKOVIC', Branke RISTICY, Suzana PETROVIC', Michele FIDRENTING’, Tanja

LUKOVIC®
"Faculty of Mechaniczl Engineering, Sestre Janjié 6, Eragujevac, Serbia
*Faculty of Medicine, Svetozara Markovica 69, Eragujevac, Serbia
‘Palytechric of Bari, Department of Mechanical and Management Engineering, Viale Japigia 182, Ban, Italy
devedziciaks . ac.vs, cukoviciawke ac.rs, branko.risticia smail com, suzana.petrovicamike.rs
fiorentingdpaliba.it, tanjalukovic keiadyahoo.com

Abstract: The meed for accurare shape measuremenit and modeling of human musculozkeletal system
appears to be important for both, climical practice amd incorporating emerging fechnologies ro
orthopedic and rehabilitation devices and svstems. Particularly important emphasiz iz zet on nen-
imvasive, ie radiation-free approachss. The comtemporary optical and probs-based meazurement
systems, together with 3D modeling and computer graphics techmigues, provide the key plagform for
methodology development. We present the gemeric aleorithm for reconsmuction of patient's back surface
from clouds of points in the caze aof female spinal deformities. Basic registration methods that enable
comparative analvsiz begfore and after applied therapy are described too. The kev bemefits of the global
and local 3D regiztrafion methodology are shown through the matching analyziz of the reconstructed
surfaces and illustrated by the sample case srudy of spinal deformity diagnestics.

Key words: Complex shape regiziration, clouds of peintz, global and local registration, spinal deformin

diagnastics
1. INTRODUCTION

Combined registration of a 2D3D shapes 15 enhcal to
vanous medical 1magsing modabhes and clmcal
applications. There are pumerous shape abiznment
methods which are proposed to address global and local
registration and combination Alse, the registration
problems can be under constrained, especially 1n the case
of mon-nmd or deformable regisiratbon when rehable
comespondence 15 needed m order to determune the local
deformation parameters of contours or swmfaces [I, 4]
(lobal remistration method is also known as shape
abignment. It aims to realize a global transformation that
has source 1mage or shape as close as possible to a targzet
one by ophimization algonthm (Fig.1) [2, 5].

Fargel Similarity
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Lderpealaia Vransform

Imase
Fig. 1. Main componentz af a 20/3D image regiztration
framework (adopted from [3]).

MMethods of 2 ngid or nen-ngid 2D and 3D regpistration of
pre- and intra- mterventional data sets are one of the key
technologies for image gwded therapies and minimally
myvasive surgery procedures [3].

Furthermore, non-rigd local registration of the object of
interest 1z needed to achieve appropnate comespondences
over the basic deformazble elements of shapes, such as
points, curves, ete.

I MEDICAT TMAGING MODALITIES

Modeling of anatomical stroctures (beones and soft fissues)
15 a cntical component of 3D medical 1mape amalvsis
process. Precize and compact representation that can
describe the wvanafion I an anafemucal structure of
inferest across mndividuals requives establishing local and
global comespondences across a set of scans (2D shces).
Contemporary medical mmagmng meodalibes emplov
noninvasive methods to refieve 1mages from mside the
buman bedy for diagnosis, to study of normal and
abnormal anatomy, and plan therapeutic procedures. Most
of these methods 1nvolve exposing the patients to harmfil
wmzmg radiabeon simce the properties of internal
structures are inferred from the observed X-ravs [3, 3]
The most commaon types of medical image modakities are:

-  Computed Tomography (CT),

-  Smgle Photon Emission Computed Tomography

(SPECT),

-  Positron Emizsion Tomography (PET),

-  Magnetic Resonance Imaging (MET),

- Ultrasenography Methods (US).
Theze modahties record valuzble information about the
patient’s state and they are part of standard daily
diagnostic procedures for many fields of medicine. In thas
paper we present nonmvasive ophcal diagnostic method
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for patent: with scoliosis deformibes and froduce
methods for 3D registrations.

3. 3D RECONSTREUCTION AND ANALYSIS
OF PATIENT'S BACK SURFACE

3.1. 3D reconstruction

In order to create 3D CAD anztomical model of spinal
deformities, patients" back swfaces are digitalized using
optical 3D measurement system FORMETRIC 3DvdED
{Thers, Germany). This optical system 15 based on the
spatial tangulation and rasterstereography principle. As
2 result of surface scanning, clouds of points, which fully
represent deformed shapes, are generated.

Using adequate reverse engineering software (Raindrop
Geomagic Studie) and reconstuction algonthms for free
form modeling, we have created 3D smfaces (Fiz.2). The
reconstruchion  process goes through the following
characteristic phases: (a) Acqusition of clouds of points,
(b) Generaton of a polygomal model (¢} Gnd and
NUEBS (MNon-Umform Fational B-Splhine) swrface model
fittmg [7. E].

"ini TR

ANATOMICAL MODEL GENERATIHON

Fig.2. 3D reconstruction of the back shape from
cleuds of poinis

3.1, Shape analysis

The aim of the back shape analy=is 15 fo obtain relevant
parameters of deformuties from the reconstructed shape
and to relate them to other findings, e.g. x-rays. When the
recording and reconstruction are complete, the results are
imtally available as three-dimensional coordmates
(x, v. =) for all the measured clouds of points [6]. There
are several reasons why this representation 1s unsuntable
for a dirsct interpretation and relafion:

* The coordimate valwes are dependent on the
random posthon of the patent relative to the recording
System,

* The measurement points are distmbuted more or
less uregularly over the surface of the skm,

* In contrast to the techmical objects, the swface of
the body has an iregular and vanable shape.

The advent of rasterstereography methods, based om
Mowré topography and common mathematical principles
of surface analysis (e gz Gaussian curvature distnbution).
opened 2 new field in medical diagmosis, which aim

specifically lay m the three-dimensional recordmg of
trunk deformity (Fig.3).

v

fa) (®)
Fig.3. Reconstructed shape: fa} 2D cloud of points of the
back shape. (b) medial spinal line created by Gaussian
method

In a healthy state the central spinal Ime has a two-
dimensional shape, which 15 modified mmto a three-
dimensional through wertebral rotations and lateral
deviations of the vertebrae, with tunk and back shape
asymmetry [9] (Fig.4).
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Fig 4. 3D analysiz of back shape before and after applied

kinesitherapy

In case of spinal deformuties, rotational movements of the
spinal segments are different from normal =nge of
motion Such abnormal rotations cause spinal deformity
(kyphosy=, lerdosis and scoliosiz) or a combinahon of
theze deformuties. It is thus desirable to measuwre and
confirm such three-dimensional pathelogical deformities
objectrvely. Unhl recently this haz been possible only by
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usng supplementary fwo-dimensiona]l methods (x-rays
film= on two planes) [9].

4. 3D SURFACE REGISTRATION

4.1. Registration Framework

In a typieal image remstraton framework, 1t 15 necessary
to define the sowre mages (pewnt clouds as well as
polyzonal surfaces) as fx) and the target images as gix),
where x 15 a cwrent posibion in n-dimensional space. By
considenng the registration process as an ophmization
problem ;m medical imaging, main task s to find the
optmz] transformation funchon, defined as sx), which
matches the source image to the target image.

A similanity indicator is used fo measure how well the
transformed source image #ffx)) aligns to the target image
gix}). Since most medical images have different sizes in
discrete pixel space, as well as in the level of voxels, all
computation which 15 performed in conbnuous space
requires some interpolation [3].

4.2, 3D surface shape registrations

Thers are mmnovatmve tools for remstering and merging
multple unalipned clouds of point= or polvgonzl models
using a vanety of automatic and sermi-automatic methods.
Surface registration allows easy steps to create 3 single
polygonal model from wnahgned seans. It 1= necessary to
perform global, tolerance based alinment to mummize
deviation between scans [1, 5, 10]. In the caze of spinzl
deformities, we performed global and local registrahons
over two polyzonal models of back surface of one female
patent to determine progress or stagnation of the scolioss
deformaty. Second opheal scanmng 15 done two months
later 1n the same conditon Figure 5 shows overlay of
globally tranzformed source shape on the target shape.

Fig §. Global regizoration using the similarity
rangfermation model

Registration methods have ability to alizn and merge
point data that 15 tremendous advantaze and allows

compatbility with anv scanner, digitizer or medical 1image
modalities.

Mamual registration 1= done by selecting local anatomacal
landmarks on target and cwrent chapes (p-poinis
registration). In this case we use vertebral prommmences
and sacrum points, as well as poimnts on left and night
patient’s scapula.

Cmrest shape
IThaanl s shapudi

fa)

=1
Fig 0. Local registration for 3D polveonal back shape
scan data (source and target shapes) using 4 anatomical
regference point: {a) matching (b) registration
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Figure & shows that locally deformed source shape after
registration overlay on the target establishing poimt-by-
point corespondence between the source and target
shapes. The registration process 15 fimzhed when one of
the mzin conditions 15 sansfied [10]:

1. The desired tolerance 15 achieved,

2. The number of mawimum terations 13

performed

3. A specified pumber of iterations are run

without comvergence.

One of the most important applications of 3D surface
registration 15 for matching a cloud of pomnts zcquired at
one fime-point dunng a treatment to another one from a
different tme-pomnt. 2D registrabion procedures are
knowm as mira-patient rezistration. which 15 often used to
momtor progress dwmg freatment of non-visible
structures. Matchmg set of mmages or clouds of pomnts
from different patients can be nsed for generzhing a model
of motion across a population of patients, or to match an
mmage to a2 PACS atlas. In the case of spmmal deformaties,
registration can be sigmificant to show possible postures
and shapes of pattents” back.
Having in mand that image registration 15 the process of
transforming different image: mto a single coordinate
space, the data obtaned from the different image
modalities can be compared by pixel-to-pixel or a voxel-
to-voxel level The most important features to address
global registration are:

1. Rigndaty (shape franslation and rotation),

2. Similarity (shape translation, rotation and

1sotropic scaling),

3. Affimity (shape translation, rotation, 1setropic

or amisotropic scaling, sheanng).

Surface registration frameworks feature the choice of best
transformation between two anatomucal swfaces of the
same object and mveolve spatially transforming the source
mmage to accwrately alizm wath the farget image.
Registtation can be performed as a single operaton
between images from a single-modality or from multple
modalities. The vomel-based registration algonthms have
bean utilized maostly for the repistraton of soft tizsues
mmages from vanous medical modabties bassed on 2D
slhices.

5. CONCLUSION

Several techmiques have been proposed for automatic
medical image registration. In this paper we demonstrate
a complete apphcaton for mamm types of megstaton
between optical scans of back surfaces. The results
demonstrate superior performance compared to swface-
based or |landmark-based deformable remstraton
methods. We firstly apply global registration to align
polygonal model to target ome in order fo compare
progress of deformity. Local registration based on free-
form deformations demonstrates non-ngdity of swface
registration over common anatomical landmarks. We used
simgle-modahity registation method which tends to
register optical scans acqgured by the same scanner.

Further development of the methodology 15 directed to the

multi-modality registration  that processes
acgured by different scamners (sensors).

1mages
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