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Abstract:

The design of apochromatic systems is difficult because of two problems: the glass
soris compatibility and the ¢./c. arbitravy input ratie. The optical glass manufacturers offer a
wide range of sorts, so that the choice of miplet compatible glasses becomes dtself an
important sepavate problem. The paper provides a solution of mathematical modeling for the
glass compatibility and, practically, analyses the soris presemted by Schett GmbH. The
eriginal software provided 22 compatible glass oriplets. The authors explored the possibilities
af enlarging the cica ratie from the value 0.6 indicated in the literature fo a range of
[0.5.0.5]. Thergfore, they designed and analyzed a set of 88 triplsts. 4 correct glass cheice
can insure twice-larger aperfures than the fradifional ones for best guality apochromats
(diffraction-limited).
Keywords: Optical glass compatibility, Triplet design, Image guality, Large aperture,
Aspherical surface

1. Introduction

Apochromatic optical systems need a specific combination of optical glass sorts,
whose dispersive properties insure comrection of the longitudina]l chromatic aberration and
secondary spectrum. An apochromatic system accomplishes the superposition of image
abscissas for three wavelengths, so that the secondary spectrum is mmch lower than for any
other optical entity. The traditional optical system, which satisfies these conditions, is the
cemented apochromatic triplet (fig.1). The design algonthm supposes that the operator has
already chosen the glass sorts. Existing literature offers only general recommendations or a
mininmum mumber of compatible glasses [1, 2]. Efficient use of a large mumber of glass sorts
needs a mathematical approach.

The database to investigate contains the glass sorts offered by the Schott Catalogue.
The parameters taken into account are the refractive indexes of the spectral lines g, F*, e, T,
5, the Abbe number v, and the relative parfial dispersion Py, The Schott Catalogue contains
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Abstract

The paper presents 3 short discussion on the spot size importance and the influence factors on it in laser
machiming applications. As optical system quality in terms of wavefront parameters is essential for the spot
size and shape, the optical synthesis of lenses is considered fundamental. For a given application, which
implies CO2 laser machining, the preliminary calculus of the expander and focusing objective is presented.
The components are designed as best shape lenses. The system is analyzed on different focus shift collecting
data on spot size and its relation to Airy disk radius from single spot diagrams. Two solutions are provided,
one with spherical objective and one with aspheric objective. Spot sizes with a tolerance factor of 10 %
establish large depth of focus. Both solutions are considered wery well as the wavefront analysis shows
parameters in the class of diffraction limited systams.

Keywords:

optical design, laser machining, spot size minimization.

1 INTRODUCTION apply algorithms based on spherical abemration

Laser technology is not only a common cne. It is a
techmology in fast progress, whose development aims fo
increase precision and efficiency, to reduce material and
time waste. MNon-conwentional technologies replace
conventional ones and, in addition, perform operation
impossible to apply with clder technologies.

Rapid spread and improvement of laser techmologies
implies better or new optical systems.

Laser optics comprise of two basic components, namely
the expender and the focusing objective. The expander is
a reversed Galileo telescope and the objective is a positive
lzns.

Usually, the expanders ensure a magnification within the
range of [1.5...10] X, depending on the aperturs of the
laser beam source and the power density admitted by the
lz2ns material.

The objectives are designed for effective focal lengths
within the range of [40...200) mm, depending on the
working distance nesded in an application. Objectives may
consist of a singlet, a doublet or a system of more lenses,
especially in the schemes of scanning laser systems.

Optical design is often referred to as general scheme in
books [1] ... [4] or papers [6). Optical parameters such as
working distance and defecusing are called in relation with
the spaot size [B], [7]- The spot size and shape establish the
actual energy distribution and finally, the precision and
efficiency of the process.

The spot size depends on the quality of the optical system.
Mowadays, the gquality is expressed in  wavefront
parameters, sometimes related directly to Airy disk.

Muost industrial power lasers work within the infrared range.
The optical design is more difficult than for the wvisible
range because of the small number of materials available
for lens manufacturing.

The basic principles in laser optics design, recommended
by manufacturers [8], [10] and discussed in [8] are as
follows:

& The optical assemblies of the expander are singlet.
This major simplifying is possible because of
manochromatic radiation and theoretically zero slope
of the beam. The residual spherical aberration
remains the most imporiant problem. As it influences
directly the size of the spot. the design of lenses must

minimization.

»  The objective, large-sized in aperturs, is also exposed
mainly to spherical aberration.

# The most important parameters refer to foous

abscissa, shape and size of the spot and depth of
focus.

o |deally, the spot should be circular for a uniform
energy distibution. lts size can be optically controlled.
Practically, the spet size assumes ftwo additive

companents, one due to diffraction and second due to
residual spherical abemation:

djporaom.' -d.ipor difactiomel +d.1‘nr|.' alreradiond “]’
where:
i
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In relations (2) and (3} L represents the wavelength [um],
M — modal parameter of the beam [-]. f — efective focal
length of the objective [mm], D — aperture of the cbjsctive
[mm]. k — non-dimensional coefiicient depending on the
refractive index [-].

The spot size is strongly dependent on the f-number of the
chjective:

wd
fiE-z. (4)

Practically, the design input data asks for the focal length
as well as for the aperture. The literature recommends
estimation relations for cne of them in case the other one
is given. If the focal length is fixed, the optimum aperture
is:

o pird o3
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If the aperture is imposed, the recommendation for the
focal length is:

|
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1. Introduction

Polycarbonate 15 widely used due to its mecham-
cal, opteal, thermal and chemical properties. Tensile
strength (35 - 75 MPa), Young's modulus (2 - 2.4 GPa)
and hardness (~7T0HEC) recommend the material also for
manufachuing of gears, which work wath low power or
special conditions transmissions. Moulding and extrusion,
commonly used to machme polycarbonate pleces, are not
appropriate to obfain complex shape and preciseness as
gears require. Also, the usual cuting technology of gears 15
lonz-lastimg and mefficient if some faster machining pro-
cess can be found. Generally speaking, specially designed
technologies must be designed and mmplemented for ma-
chining particular matenals or parts [1 - 2]. In the present
case a nonconventional technology, for mstance laser cut-
ting swtes much better.

5Sall, laser cutting 15 mot very simple to apply.
Targets regardmmg piece’s characterishes (precision In
shape and dimension, roughness, thermal side-effacts etc.),
time of machiming and energetic supply needed, are hard to
attain without a process optimization. The large number of
parameters mvolved, exclude the choice by random of their
values. There are optical, electncal and mechanical factors,
which influence the laser cutting process. Different combi-
nations of ther posaible values might satisfy requrements
to attain different target enteria (diverse in pature and val-
ue). From optical standpomt, laser cuting 15 2 nommaging
application. The quality of the optical system included n
the struchure of a laser cuthing machine, influences dvectly
the general traits of the process. Flexubility and preciseness
are required in order to ensure easy transformung of radiant
beam’s properties {spot size, defocus facilibies, and vana-
ble energetic density).

Control of electrical parameters, such as power
supply, ensures appropriate energetic properties of the cut-
ting beam (for pulse lasers, also pulse duraton and pause
durafion are very important).

Mechamcal design of the nozzle, precision and
speed of cuthng head’s displacement are iwelved 1n zceu-
racy and effictency of machining. Estzblishing the most
surted combination of values for all these parameters needs
a mathematical approach. There are several optimization
process methods, among which, the Taguchn method
proved to be one of the best.

The subject of machimng 1= a set of fowr gears
making part of a two — step fransmission. Geometrical
complexity, precision of tooth pitch, roughness of flanks,

vanety of modulus and mumber of teeth recommend 2 flex-
ible technology such as laser cutting.

1. Experimental equipment

Effective machimng of sample pieces was
achieved using an existng laser cuting machine, whose
optical system was mmproved [3 - 6]. The computer aded
equipment uses a C0; pulse laser source, 2 KW power. The
machine belongs to C.ALF A laboratories at LTU.T. Be-
thune, Unrversite d’Artors, France. A general mmage and
the scheme of the machine are presented mm Fig. 1.

Fiz. | Image and scheme of the laser cufting machine:
1 -power supply block, 2-00; laser sowrce,
3 -optical beam path 4 -mechameal structure,
J-matenal to machine, §-mmencal command
block, 7-cuthng head, & - assemblies to provide
and confrol awaliary gas (He, Ar, N, O,), 9-as-
sembly for CO; supply, 10 - cooling block

The generzl featwres of the laser cuting machine
are wavelength, um; beam drvergence, degz; emitted power,
W cuthng speed, mm's; vertical position of the spot, dura-
tion of pulse and panse, ms; chemical nature, pressure and
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Advanced Digitization Techniques
in Retrieval of Mechanism and Machine
Science Resources

E-Ch. Lovasz, C. M. Gruescu, V. Ciupe, 1. Carabas, D. Margineanu,
I. Maniu and N. Dehelean

Abstract The European project thinkMOTION works on the purpose of retrieving
all-times content regarding mechanisms and machine science by means of creating a
digital library, accessible to a broad public through the portal Europeana. DMG-Lib
1s intended to display the development in the field, from its very beginning up to now
days. There is a large range of significant objects available, physically very heter-
ogeneous and needing all to be digitized. The paper presents the workflow, the
equipments and specific techniques used in digitization of documents featuring very
different characteristics (size, texture, color, degree of preservation, resolution and
so on). Once the workflow established on very detailed steps, the development of the
workstation is treated. Special equipments designed and assembled at Universitatea
“Politehnica™ Timisoara are presented. A large series of software applications,
including original programs, work for digitization itself, processing of images,
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Abstract. The paper describes an equipment specialized in digitization of single documents,
journal-type documents and books. The equipment is designed and assembled at “Politehnica™
University of Timisoara and works in a station developed within the European project
thinkMOTION. The optical calculus aimed optimal illumination of two symmetrical areas and high
quality of captured images. The object of scanning is printed matter, which exists exclusively in
paper form and originates from different periods of scientific evolution. The mechanical design was
based on criteria such as: flatness of active surfaces, quick placement and removal of the original
document, mechanical raw focusing facilities, adjustment regarding the thickness of the original
document and finding constructive solutions so that no damage is inflicted upon the original
document, which may be one of a kind and, hence. historically very valuable. An original software
was created in order to control the scanning process, to organize files and folders, which stock
captured images in different stages of processing. The effective efficiency of the equipment is 10 -
12 pages/minute.

Introduction

Digital copies of analogue documents are very common in nowdays. Digitization is performed on
purpose of creating multiple copies or original digital documents. The market offers a wide range of
standard scanners, featuring very different technical parameters and designated to single document
or thin printed matter processing [1], [2]. [3], [4]. A particular class of scanners is specially
designed for book scanning [5], [6], [7]. [8], [9].
The requirements imposed by the activities of thinkMOTION project led to conceiving and
building of an original scanning equipment.
These requirements refer to:
e possibility of scanning any type of document (single sheet, journal and book) without
damaging in any way the original paper (bending, folding, scratching, tearing, heating etc.).
This totally non-destructive feature is very important especially for old documents, with
fragile pages, which exist in a small number of copies or even may be one of a kind
e maximum document size ~ 400 x 260 mm. Maximum page size taken into account was A4
(297x210 mm). A safety range of 50 mm was considered reasonable along three edges (top,
bottom, left/right) for large non-standard old documents and also for efficiency of work on
any size of page. The operator should not waste time because of a restricted positioning area
» high degree of resemblance of the copy in respect with the original. The problem of
distortion toward outer sides and comers is present for most all-purpose scanners on the
market, in case the original document is a thick book. Furthermore, the thicker the book is,
the bending and folding are stronger
high quality of the digitized copy. The optical resolution was imposed at 300 dpi, at least
flexible color mode (color and grayscale)
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Interactive Animation Production
by Means of Advanced Image Processing

V. Ciupe, E.-Ch. Lovasz, M. Reessing, V. Henkel, C. M. Gruescu
and E. S. Zabava

Abstract The paper describes an application developed within the European
project thinkMOTION. The project aims to post online, within a digital library,
heterogeneous content regarding mechanisms science and related fields. Special
systems were developed in [lmenau, Germany and in Timisoara, Romania, in order
to actuate and take photographs of the physical models of the mechanisms to be
digitized. The systems consist of a motor mechanically connected to the mecha-
nism by means of a coupling device and electrically connected to a PC or a PLC. A
digital still camera is connected to the same computer/controller. The logic of this
system is to take a photograph after each rotational increment of 0.9°, thus
obtaining a complete 400 images set that can be further processed via software in
order to obtain an interactive animation which can be uploaded on the project’s
dedicated web portal and used in this way as an educational or informational
content tool.

Keywords Interactive animation - Mechanisms - Physical models - Stepper
motor - Servo motor - Java applet
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1. Introduction

Modeling and simmlation i widely used in all
domains as resourcefil tools m desipn, enhancement, mm-
proving or forecasting bebavior of different systems. A
wide range of soffware 15 available to aid sohing enpneer-
ing problems. However, there are systems, such as the bio-
logical ones, to which modeling and smmulation 15 a very
difficult task. The difficulty originates in two essental fea-
tures:

*  human body parts are very imegularly shaped;

* anthropometrical normal data s very scattered,
regarding age, sex, race, profession local emvirormment
trants and so on.

Therefore, biological models are not yet devel-
oped on large scale even though they would be very useful
in investgating and momtoring patients suffering of wide-
spread diseases. However, there 15 an encowamng start in
modeling different parts of buman body, such as feet [1],
arms [2], mobile bones of the head [3] etc. The pwpose of
modeling 1s either depictimg abnormal anatomocal shapes
or desigming of devices such as prosthesis.

The present work focuses on the class of spinal
deformities, wihoch are very commeon m now-dayvs. Most
individuals suffer of mild or severe spinal column deform-
ties, such as seolioms, lordosis, kyphosis or combinations
of these. Deformities cause dimunution of personal comfort
and of physical or intellectual capacity of effort. When
severe, deformities brng on large distortions of thorax
shape and alteration of respiratory process. Such spimal
diseases occur frequently at school-age population, due to
incomrect poshare and/or to improper desk design and less
frequenily to aduli populabion, due to sedentary activibes
(teachers, hbranans, IT specialists etc.). The elder popula-

tion also suffers because of imeversible bone alteration
Plenty of statistics describe the prelevance of such diseases
in different places of the world, taking into account a lot of
aspects such as: age, sex, profession, hfe standard ete. [4-
6].The studies emphasize very detailed the mportance of
dentifying early stages of spmnal deformites becamse of
cautious progonostic and very high costs of treatment [7].

Engineenng sciences offer a large semes of
equipments to investizate the bhuman bone system. Among
the methods of imvestization in use, the most common are
H-ray, CT or MR magmg, Moire topography, digital ultra-
sopnic mapping and optical scanning [8-17). The statng
order of these methods is chronolegical regarding the im-
plementation and imversely from invasive character stand-
point.

Countnies which develop long term healtheare
programes always mchode spinal deformibies among the
main issues to mvestigate and monitor, especially to school
children and persons imvolved in specific professional ac-
tivities. The main problems in tracing and monitoring spi-
nal deformities consist of

* finding a quck and less mvasive method of inves-
tigation;

* pstabhshing a set of numeneal parameters to de-
senbe completely the column's shape;

* stonng of a large amount of data considenng the
big number of subjects in the database;

*  accessing data and evaluating the evolution of pa-
tients.

In order to model the spinal column and simlate
itz behavior, considenng a long-term momtoring of an ex-
tended sample of population, the following workflow was
concerved (Fig 1)

Target group of subjects: Dutput format of the resultats:

- school children (different ages); Investigation - mumencal;

- COmpUter OPErating Persoms; methed - graphical 2D (projection of spine
-alder people; onto sagital, frontal and transverse
-other groups of persons potentially Optical scanning plans];

affected by spinal deformmties. - 3D flexible models.

Creation of a databaze
- access to chronological senes of

Medical interpretation and
decizion

mumerical data and 3D models
- mberactive facilities

adequate treatment (medical
gymnastics, physiotherapy, medical
corset, surgical comechion etc.)

Fig. 1 Workflow of the biometric mvestigation and monitoring
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Scanning System Integrated Within
Biometric Measurements

E.-C. Lovasz, C. M. Gruescu, A. Garaiman, I. Carabas and R. Bodea

Abstract The chapter presents the implementation of a non-invasive method of
investigation for the spinal column. The scanning equipment, in a proper config-
uration, provides 3D images of human torso. Specific software developed writes
information into an interactive database and computes 16 numerical parameters,
describing the column’s shape, respectively the human posture. A sequence of the
program computes the relative angle of rotation between successive vertebrae or
segments of the column. The database also allows modelling of different types of
vertebrae and, finally of personalized spinal columns.

Keywords Scanning - Spinal column - Modelling - Simulating - Spinal
deformities

1 Introduction

During the last two decades, imaging became an every-day method of
investigation all over the medical field. However, objective medical imaging.
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Experimental Method for Dynamic
Evaluation of Spinal Column
Deformation Exercises

A.-M. Vutan, V. Ciupe, C. M. Gruescu and E.-C. Lovasz

Abstract Spinal deformities appear very frequently in child or adult population.
Researches in this field are widely spread and continuously developing now-days,
as the current schemes of treatment are long-lasting, costly and not very effective.
The authors propose an investigation method based on a set of sensors, which are
accelerometers and provide data in order to generate a mathematical model of the
spine, namely a high degree polynomial. Basic parameters, such as the Cobb angle
are computed within the mathematical algorithm. The angles acquired by the
sensors are recorded as functions of time, so that the change in shape of the spine
during the exercises prescribed by the kinetotherapist is subject of study and a
criterion for optimizing the nature and intensity of the exercises.

Keywords Spinal deformation + Accelerometer « Mathematical model
of the spine

1 Introduction

Vertebral disorders are very common in recent years among children and adults,
due to lack of physical activity [1] and long-term prolonged sitting position [2].
Spinal deviations, such as scoliosis, may occur from younger ages continuing to
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Abstract. The treatment of scoliosis is based on physical exercises with light
and medium severity of deformation. The effectiveness of the exercises is
assessed by means of Cobb angle variation. In order to compute the values of
the Cobb angle, a mathematical model of the spine is generated. A set of eight
sensors, type accelerometer. is attached to the vertebrae in significant points of
the column. Its shape is approximated with a high degree polynomial, which
allows the determination of the inflection points and Cobb angles. The study
consists in assessment of three exercises frequently used in treatment protocols.

Keywords: Spinal deformation - Mathematical model of the spine
Cobb angle - Physical exercises

1 Introduction

Idiopathic scoliosis is a deviation in frontal plane with unknown cause. It mainly affects
children over eight years old until bone maturation is achieved. The lateral inclination
of the column is accompanied by the vertebral rotation vertebrae to the convexity of the
curve [1]. Generally, there is a primary curve showing the highest rotation and one or
more secondary (compensatory) curves [2]. When vertebral rotation is located at the
thoracic region, the rotation of the vertebral body determines the movement and
deformation of the entire rib cage, causing the rib hump [1]. The child with idiopathic
scoliosis is evaluated periodically by the orthopedic doctor. The protocol requires
clinical and radiologic evaluation every 6 months, from the moment of diagnosis until
the end of bone maturation. Thus, the Cobb angle is calculated on the X-ray, repre-
senting the intersection of the perpendiculars to the tangent line of the upper plateau of
the superior vertebra of the curvature and the tangent line to the inferior plateau of the
lower vertebra of the curve [2]. Depending on the degree of inclination and rotation of
the spine, the orthopedist determines the treatment to follow. The protocol for a sco-
liosis (Stagnara protocol) requires: scoliosis specific exercises (if the Cobb angle is
below 25°) or specific exercises and orthopedic treatment wearing a brace (if Cobb
angle is between 25° and 50°) or surgery (if Cobb angle is above 50°) [1]. Specific
exercises programs for scoliosis will be part of the patient’s life immediately after
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