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organic underfill which decreases thermal expansion coefficients mismatch between
both materials. Moreover, the thermal expansion coefficient of new glass ceramics (Low
Temperature Cofired Ceramics - LTCC) substrates is fitted to silicon. Therefore, the
LTCC technology is compatible with the flip-chip technique.

The low Temperature Cofired Ceramic technique was developed around 30 years
ago. The method was applied in the fabrication of hybrid multilayer electronic circuits
[3-5]. The main advantages of LTCC are good long term stability and mechanical prop-
erties, compatibility with standard thick film technology and low cost. The interconnec-
tion density can be increased by using buried screen printed passive components. The
standard LTCC process [6-7] consists of the following steps: design, via and shape cut-
ting [8,9], thick film deposition and lamination [10,11] and cofiring. The ability to form
3D shapes and compatibility with the thick film technique enables us to fabricate various
sensors [12-16], actuators [17, 18], microsystems [19,20] and wireless transmission de-
vices [21,22] using LTCC technology.

The design and technology and inspection of hybrid electronic ceramic circuits with
flip-chip and SMD components is presented in this paper.

2. RF MODULES ELECTICTRICAL CIRCUIT DESIGN

The electrical circuit of RF transmitter integrated with the LTCC module is presented in
Figure 1. The electronic circuit consists of ATmega88 microcontroller, monolithic tem-
perature and humidity sensor SHT11, radio frequency transmitter (RFMO02), fixed-
output voltage regulator (LM2980IM5-5.0) and additional passive components.

H

o
fREED

<
HREEY

=4
Freg
FREES N

"I‘;’{

5%
5§

3

&

]

b bk

TNEITE

a8

£
bR
i
§
0=

o]
I

T oggaed

LTCC_RFH@2
2809-1€-07 18:30:31
Sheet: 171

)

T
i
E e

-
4

=]
b
32
is .
L
oo ¥
2
34+

rol

I 3

Fig. 1. Electrical circuit of RF transmitter module.

The electrical circuit of RF receiver integrated with LTCC module is presented in
Figure 2. The electronic circuit consists of ATmega88 microcontroller, radio frequency
receiver (RFMO1), fixed-output voltage regulator (LM2980IM5-5.0) and additional pas-
sive components. Both modules were assembled to additional electronic circuits. The
additional circuits consist of power supplies, LCD displays and RF antennas.
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Fig. 2. Electrical circuit of RF receiver module.

3. TECHNOLOGY OF RF MODULE

The LTCC multilayer module consisted of two DP951 P2 green tapes: TOP, BOT,
and two DP951 C2 tapes M1 and M2. The thickness of DP951 P2 and DP951 C2 tapes
after firing was approximately 165 um and 50 um, respectively. The TOP and BOT lay-
ers consisted of surface conductive lines and solder pads, the M1 and M2 provided bet-
ter mechanical properties of the ceramic module and masked the electric trucks. There-
fore M1 and M2 layers were used as solder masks. The LTCC tapes were laser cut to
proper dimensions and via holes were drilled. The silver paste DP 6141 was used to fill
the vias. The silver paste DP 6145 was used to deposit electrical trucks. The silver pal-
ladium paste was used to deposit solder pads. The screen printing method was used for
via filling and deposition of electric trucks and solder pads. After screen printing all
ceramic tapes were stacked together in the proper order and laminated using an isostatic
press with a pressure of 20 MPa at 70°C for 10 minutes. Finally, the LTCC multilayer
module was co-fired in air in a two-step firing profile recommended by DuPont (Tmax =
850°C). The final fired structure with solder mask is presented in Figure 3. Substrates
were assembled with SMD components. The final receiving and transmitting modules
are shown in Figure 2a and 2b, respectively. The additional electronic circuits which
consist of power supplies, LCD displays and RF antennas were fabricated with standard
PCB (Printed Circuit Board) and SMT techniques. Power consumption of the devices
was significantly decreased with the use of ATMEGA sleep modes and turning down
unused microcontroller peripherals. The average current consumptions of transmitting
and receiving modules were approximately 440 pA and 14 mA, respectively. The trans-
mitting range was equal to 60 m in the open area.
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PROJEKTOWANIE I TECHNOLOGIA WIELOWARSTWOWYCH
HYBRYDOWYCH UKLADOW ELEKTRONICZNYCH

Streszczenie

W pracy zaprezentowano projekt oraz realizacje dwoch przyktadowych hybrydo-
wych ukladow elektronicznych: wzmacniacza audio opartego na elemencie typu flip-
-chip oraz nadajnika i odbiornika RF opartych na elementach do montazu powierzch-
niowego (SMD). Przedstawione uklady zostaty wykonane przy wykorzystaniu techno-
logii bazujgcej na niskotemperaturowej ceramice wspotwypalanej (LTCC). Niezawod-
nos¢ potgczen lutowanych pomiedzy elementem typu flip-chip a polami kontaktowymi
umieszczonymi na podiozu LTCC zbadano za pomocg metody rentgenowskiej. Poprawe
niezawodnosci w przypadku ukfadu z elementem typu flip-chip uzyskano stosujgc wy-
petnienie organiczne pomigdzy chipem a podtozem. Gotowy uklad wzmacniacza audio
zamknigto w specjalnie przygotowanej obudowie ceramicznej.

Stowa kluczowe: flip-chip, niskotemperaturowa ceramika wspotwypalana (LTCC),
tomografia rentgenowska, warstwa gruba, SIP
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distance from the centre of the scene coordinates system. Only the common scene area
covered by both cameras is further analysed (even though it is only a part of each of the
image). In section 2, issues related to stereo-image acquisition in robotics vision system
are described in details. In section 3, the discrete orthogonal moments of Chebyshev,
Legendre and Zernike are introduced. In section 4, the method of displacement vector
calculation in order to determine the margins and common part of stereo images is
presented. Then, in Section 5, three approaches to calculate stereo disparity are
described. Experimental results, discussion and conclusion are given in the next
sections.

2. ACQUISITION OF THE STEREO IMAGES

Hereby we present the model of the used stereo camera system for robotics vision.
Moreover, the principles of epipolar geometry and the method of camera system
calibration are presented [5,28].

2.1. MODEL OF THE CAMERA SYSTEM

The model of the camera system represents geometrical and physical parameters of
the cameras and transfers cameras’ coordinates systems onto predefined coordinates
system of the visible scene. A description of the model is necessary for correct
measuring of the scene objects' shapes, sizes, position, direction and relations within the
scene space [20].

Differences in localisation and directions of the cameras and, therefore in cameras’
coordinates systems, determine various models of camera systems as presented in Fig.

1. In axe-parallel camera system the coordinates of the point A5 (X Y,z ) of the left

camera OXL XYZ and the right camera O*P XYZ related to the scene O°XYZ are
given.

Fig. 1. The axe-parallel model of the stereo cameras vision system
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2.3. CALIBRATION OF CAMERA SYSTEM

In order to perform the proper acquisition of stereoscopic images referring to the
visible scene it is crucial that the camera system is properly calibrated. The process of
calibration of the stereo-system is supposed to define relations between coordinates of

the point in the scene A4°(X,Y,Z), known coordinates of that point projection

a'lt (x,¥) and a'P (x,y) onto the image planes IT, and Il,, and the geometrical and

optical parameters of the camera system. Such parameters are the position and direction
of cameras in relation to the defined coordinates system of the scene described by
elements of the rotation matrix AR and the translation vector A7 . Those parameters
can determine the position and direction of the cameras in relation to the predefined
coordinates system of the scene [27]. We have:

XKL XS XKP XS
YR = ARKL| ¥vS |+ ATKL YRP | = ARKP| ¥S |+ ATKP . (5)
ZKL ZS ZKP ZS

The translation vector describes the localization of centre points of the camera
systems coordinates. The rotation matrix is the orthogonal matrix and its elements are
the Euler angles that characterize orientation of camera coordinates systems axis.

The optical parameters are:

— scaling ratios k, and &, of the axis Ox* and Oy,
— parameters p, and p, of the coordinates systems translations OF xy and O'xy,

— position of the center point of the coordinates system of Xy,
— length f of camera focus,

— geometrical distortions in the camera optical system .9)1;1 , 19;1 .

Then:

A hxf o p G (ry)
o= £ - . (6)
y kyy Pyt ‘9_\' (x, y)

Description of all the geometrical and optical parameters of the stereoscopic
camera system (for left and right camera separately) is the condition for proper
measuring of the 3D objects' shapes, position and orientation [10].

The calibration problem is the problem of finding the values of geometrical and
optical parameters for a considered camera system in order to define position and
orientation of cameras in relation to the scene coordinates system basing on the images
acquired from those cameras [26]. The solution of the calibration problem consists of:

— finding optical parameters and the values of distortion introduced by the lenses of
both cameras,

- determining the correspondence list for features in the stereo-images,

— calculating the values of geometrical parameters (location and cameras orientation
based on the obtained correspondence map).
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The Chebyshev polynomials satisfy the property of orthogonality (13), with:

(N-1)(N=22). (V)

plnN)= (15)
(N) (2n+1) N
and have the following recurrence relation:
(n+ 1)1, (x) (20 +1)(2x = N +1)1, (x) +n(1-07N 2 )1, (x) =0, (16)
where n=2,3,...,N -1 and x =0,1,..., N —1 with the initial conditions:
h(x)=1, f(x)=2x-N+1)/N. an
The inverse formula of Chebyshev moments is given by the following equation:
N-1N-1
I(x,y) = Z ZTantm(x)tn(y)' (18)
m=0n=0

The Chebyshev moments of the same image may be expressed in terms of
geometric moments as follows [14]:

A, nZCk (m,N) ZC,(nN ZZsk s, m, (19)

i=0y=0
where
1
A =—"" (20)
" N"p(m,n)
and
k([ N-1-k\ ntk
C N)=(-1 — R 21
)=y an

and s,E') are the Stirling number of the first kind, which satisfies:

Zs( Dy 2)

o

The explicit expressions of the Chebyshev moments in terms of geometric
moments up to the first order are as follows:

Moo
Mgy = Ve

6ml0+3(l— )
N(n2-1)

6mg, +3(1- N)mg,
N(Nz—])

™o =

(23)
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The Zernike polynomials:

Voo (X,¥) = R, (p)exp(jqb) (32)

arc a complete set of complex valued functions orthogonal on the unit disk D:

X%+ y2 <1, where p>0,and p —‘q‘ IS even positive integer.

The polar coordinates ( p..t9) in the image domain are related to the Cartesian

coordinates (x, y) by:

p = sz + y2 , B=arctan(y/x). (33)

The Zernike polynomials Vm( ) are orthogonal basis set and satisfy the following

condition:

g Vo (x, ) V o (007 )y = —H-(spp 8, (34)

The radial polynomial R, (p) is given by:

(35)

(p-{g])r2 /Y _
qu(p ): Z (" I)’ _ (P ) B P
G
2 2

If Zernike moments of order < N are given, then the image intensity [ (x, y) can be

approximated by [22]:

I(x,y) Z ZZMW Vg (X, 3) - (36)

p=0¢g=0

4. STEREO DISPLACEMENT SEARCH

The characteristic feature of the presented robotics vision stereo system is that axe-
parallel cameras’ visual plane contain different elements of the registered scene. It
means that not all the elements on the left and right image have their counterparts. The
lack of such a relation eliminates such elements from analysis of stereo images.
However, extraction of such image areas, called margins of left and right stereo image,
unambiguously characterize common (overlapping) parts of stereo images (the most
important parts for stereometry image analysis). The problem of determining the
margins and the common part of stereopair images is a problem of appointing the
displacement vector between those images acquired from the left and right camera. The
value of that vector depends on geometrical and optical parameters of the camera
system.

In order to find the displacement vector d, between stereopair images we perform

calculation of the discrete orthogonal moments of the right 7/, and left 7, stereo
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— for the Chebyshev moments:

N-1N-1
z Z(Tmz)tm TA/[ipm)tm (x+ d +d )) = O (40)
m=0 n=0

— for the Legendre moments:

N-lr B 5 SN+l
ZZ(LMVLP, [%—l)-w%es( (erdivdi) N+ Dso,«u)

r=05=0 N—1

— for the Zernike moments:
N p

S S (MW (x,3)-ZMAY, (x+d,+d,,3,))=0- (42)

rq4pdq Py g
p=0g=0

Solving equations (40-42) in order to determine the stereo disparity in the analytical
way is not possible. Therefore, in practice numerical methods have to be used. Each
equation can be written as:

F(d,;x)=0 43)
or for the Zernike moments (42) as:

F(d;x,9,)=0. (44)

We use the known iterative method of Newton-Rahpson to calculate, with the
desired accuracy, stereoscopic disparity <, which is the argument of the function for

given parameters x and y, on the basis of the following formula:

F(dﬁ’))
X X _Wa

where F is a derivative of F (45) in the i-th iteration.

(45)

The starting parameter of the method is in our case d§°) = 0. The achieved values
of d_ are verified by the following conditions and properties: d, is an integer number
from the (

for a given pair of stereo images.

where d,

max 15 @ maximal possible value of the stereo disparity

max ° mdx >

5.2. STEREO MATCHING BASED ON CORRELATION OF MOMENTS

In order to determine the stereo disparity d, of the common part of the stereopair,

the corresponding points on the epipolar lines have to be found in the process of stereo
matching. In practice, in this approach, we search for the correlation between
reconstructed intensity functions (18), (28) and (36) of the images I; and /p in the

regions bounded by the window function:
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7. SUMMARY

In the article, we presented the idea and implementation of using discrete
orthogonal moments of Chebyshev, Legendre and Zernike in the process of matching
and stereo disparity estimation. In order to optimalize those procedures, in the first stage
we extracted the common parts of stereo images (which is important for matching) and
the margins of stereo images.

In the article, three approaches to the problem of stereo disparity estimation were
presented and tested. In the first method, we performed the estimation of stereo

disparity d by numerically solving equations (40-42). The second approach was based

on the correlation analysis of the reconstruction of image intensity function on the basis
of discrete orthogonal moments. In the third approach, the problem of stereo disparity
estimation was solved by similarity search in the vector space for the calculated
moments characterizing the corresponding points of stereo images.

In the described methods we used the discrete orthogonal Chebyshev, Legendre
and Zernike moments. After experiments we concluded that Chebyshev and Zernike
were the most appropriate for stereo estimation moments, respectively. Much worse
results were achieved by Legendre moments.

In the further work, we experiment with other discrete orthogonal moments
applied to stereo disparity estimation task. We also try to analytically estimate the

influence of moments values on stereo disparity d .Such a value of d_ could be used

for optimalization and enhancement of the stereopair matching process.
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NA PODSTAWIE DYSKRETNYCH MOMENTOW ORTOGONALNYCH

CHEBYSHEVA, LEGENDRE’A I ZERNIKE’A
Streszczenie

W artykule przedstawiono teoretyczne i eksperymentalne podejscia do problemu
pasowania i oceny niezgodnosci stereoskopowej. Zaproponowano realizacje obliczen
niezgodnosci stereoskopowej w przestrzeni momentéw otrogonalnych, jak rowniez
przedstawiono podstawy do obliczen numerycznych i metod opartych na korelacji.
Welu obliczania wektora niezgodnosei zdecydowano si¢ na uzycie dyskretnych
momentow ortogonalnych Chebysheva, Legendre’a i Zernike’a. W procesie badawczym
oceny niezgodnosci stereoskopowej wszystkie proponowane momenty byly testowane
i porownywane. Wyniki badan potwierdzaja skuteczno$¢ prezentowanych metod
okreslania niezgodnosci i pasowania stereoskopowego dla zastosowan widzenia
maszynowego.

Stowa kluczowe: momenty ortogonalne, pasowanie stereo, niezgodnosé
stereoskopowa
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ANALYSIS OF LOSS AND SINGLE-MODALITY OF THERMALLY
DIFFUSED AREAS IN SPLICED JOINTS OF SINGLE MODE
TELECOMMUNICATION FIBERS

Marek Ratuszek, Zbigniew Zakrzewski,
Jacek Majewski, Malgorzata Ratuszek

Institute of Telecommunications,
Faculty of Telecommunications and Electrical Engineering
University of Technology and Life Sciences
Al. S. Kaliskiego 7, 85-789 Bydgoszcz, Poland

Summary: In this work diffusion processes in thermally connected cylindrical fibers with
weakly guiding and circular cross-section, that is telecommunication fibers, have been
presented. There have been discussed diffusion distributions of the core dopant of fibers
spliced in r=~2000°C. Gaussian approximations of the core dopant concentration
distribution and refractive index in the connecting area of single mode
telecommunication fibers have been presented. Theoretical analysis of propagation and
loss characteristics for thermally diffused expanded-core (TEC) of single mode
telecommunication fibers has been performed. as well. It has been shown that because
Gaussian profile approximates well diffusion distribution, this thermally diffused core
area (splice) remains single-modal.

Keywords: single mode optical fibers, thermally diffused expanded-core, dopant
distribution, refractive index profile, Gaussian approximation

1. INTRODUCTION

Optimization of spliced joints of telecommunication fibers of different types
involves thermal diffusion of the connected fibers core dopant (most often GeO,) in
such a way that the mode field radiuses in the thermally diffused expanded-core (TEC) —
the splice intermediate area, will equalize [5.7,12,13] — fig. 1. The loss of such area is
small if it remains single-modal.

The purpose of this work is an analysis of diffusion processes within the splice,
their approximation by Gaussian distributions, and evaluation of diffusion optimal times,
as well as mainly theoretical analysis of losses occurring in the transit area resulting
from mismatch of mode fields and TEC area dimensions, and finally comparison of the
analysis results with experimental data. Second goal of this work is to proof, that TEC
area after diffusion process remains single-modal.
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Fig. 6. Loss of the TEC in the function L for Fig. 7. Loss of TEC areas in the function of

joining the same type of fibers (652- length L for joining fibers of the types
(G.652) for the gap model and the phase- G.655. G.653 & G.652 — phase front
front transformer model A =1.31um transformer model 4 =1.31um

Length 2L of the TEC area during optimization of the splicing process (splicer Ericsson
FSU 925RTC) was evaluated on the basis of thermoluminescence of the spliced fibers.
Fig.8 presents a picture of thermoluminescence intensity profile, along the cores, of the
fusion spliced fibers G.652 & G.655. The splicing temperature in the center was
1 ~2000°C, splicing time ¢, =3s. The temperature was decreasing from the splice
center until it reached room temperature, where the thermoluminescence line changes
into a horizontal one from the left to the right side of the splice. The distance which can
be identified as 2L is 675um and is considerably longer than L. .

Total losses of the TEC area are a sum of losses due to mismatch of mode field
radiuses and resulting from transmission losses. In table 1 total losses

2
Ay :—101og[(2Wd,ﬁ.le,,,z/(Wj,”,+W;,,Z)) :'—IOlogT, [7] for the assumed by the
authors diffusion times and connecting G.655-G.652 have been presented. Results

presented in table 1 are correct when splice area after diffusion (TEC area) remain
single-modal.
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where V.. is cut off frequency, which describes single-modal threshold for any form of
profile, a,, is core radius or characteristic dimension of profile with equal volume.

For the power profile of equal volume, this expression assumes the following form

V(v': s V. = q v, (14)
Aoy g+2

For the step profile ¢ = and V(.' =V.=2405. V{.' is in practice independent of

the profile form. For example, for power profile with changes of ¢ from 1 to o, with

good accuracy (5.1%) [12], it can be assumed that V(.' =2.405.

Generally. for different profile form of refractive index with the same volume, we
get (in comparison to step profile):

2may, i1~ f(R)IRAR = 2za’ } RdR (15)
0 0

and

. 2
{ RdR
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B (16)
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.
where R=—.
Gy

For power profile f(R)= R, and for Gaussian profile f(R)=1 fexp(—Rz ) .

Because | exp(—R2 ) RdR = 0.5, then for Gaussian profile, that approximates very
(o}

well the diffusion distribution of dopant, we get (16), where q,,, = a,. It means that the
cut off frequency for the step profile is the same as for the Gaussian profile with the
a . t a, e . t
Py, =My —y. =2405.

aS (IS

So, if for the step profile the optical fiber remains single-modal, then, for the
Gaussian profile of equal volume with the same A (fig.11), it remains also single-
modal. It also mean that the optical fiber area with the step profile after diffusion e.g.
after performing the operation of thermal connecting, remains single-modal. It is so
because step index optical fibers remain single-modal if quantity of dopant in border of
step profile remains the same [11].

same volume (with equal A), because V. =

Core radius after diffusion, which is Qe » CAN be calculated using the method presented

below.

It is assumed, that after diffusion process the distribution of dopant (as well as of
the refractive index) remains the step one, and the quantity of dopant across the
connection length L remains the same.
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Fig. 11. Examples of profiles with equal volume before and after diffusion: step and the
corresponding Gaussian ones

Therefore, we have

mag,-L-Ny =7zal-L-N, (17)

where: L
ay, — core radius before diffusion,

length of thermal connection,

a, - core radius after diffusion,
N, - dopant concentration before diffusion,
N, — dopant concentration after diffusion.

Moreover, core radius, for step and diffusive (Gaussian) distribution, assumes the
following form

al (18)
Ay = Qg = Ayo,|
eﬂ Nl
The form of the function N, (r) follows from the diffusion distributions [12]. N, in

(18) is defined as N, (r) for r=0. For r =q,, —> le
1 - Geff N| (0) e "
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¢ the locations should be connected with the use of fibers cables;
in every location an active equipment (Ethernet switch or IP router), should be
installed for generated traffic transfer,

¢ implemented network should minimize the total investment cost (CAPEX and
OPEX costs);
planned network structure should maximize network reliability;

¢ network should be scalable in time period not shorter than 10 years.

Taking under consideration the defined above network planning aspects, it is
possible to formulate the optimization network designing problem, as follows. Design
new network that:

1. minimize total investment cost;

2. maximize the network reliability;

3. maximize total network performance (i.e. throughput);

4. active equipment installed in the network should fulfill scalability for at least 10
years of its life.

As, defined above, optimization problem is very difficult for solving, so it has
been reformulated as an optimization problem with constraints. The analyzed
optimization problem for Wabrzezno City network, has been defined as follows:

— maximize the total network performance (throughput),
— under constraints:
« the investment cost should not exceed defined value;
e the network should operate in the proper way in the case even when one link or
node will be damaged (defined network reliability level);
¢ the active equipment should be scalable for at least 10 years.

When designing, completely new IP network, either on local (city) or on regional
level, two key elements, that affect on the network structure and active equipment
efficiency, should be considered. These key elements are:

1. User expectations (demands) of access lines bandwidth growth ratio. Nielsen law [7,
9] says that the users expectation of access line bandwidth grows exponentially, with
the growth rate of about 50% every year by an average;

2. The total traffic volume growth in the global ip network. Based on cisco reports
[2,3.4], it follows that the growth rate of traffic volume is exponential with cagr
(compound annual growth rate), in period of the years from 2007 to 2012, of around
40%.

The backbone of Wabrzezno City Broadband IP Network has been planned using
ring topology. The total throughput of the inner link between BN, BN, and BN; nodes
is 10 Gb/s. The access nodes are connected to the backbone nodes on the basis of star
topology. The total throughput of the access links is 1 Gb/s. Considering above the
planned network keeps relatively high quality to price ratio.

The presented in this paper Wabrzezno City network plan constitute technical part
of network Feasibility Study, that will be implemented in Wabrzezno and be financed in
75% from European Regional Development Funds.
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different backbone nodes. For example, in figure 4 it has been shown that the pair of

fiber marked with a dotted line (let us assume fiber pair with i-number) connects, in the

same cable relation, A4 with BN, and A, with BN,. The described above method of
fibers reuse, gives topology required minimal number of fiber pairs usage. For network
presented in figure 3, the construction of this network require only four pairs of fibers.

The Project of the passive physical network layer (fiber optic network) involves
the construction of the network using Modular Cable System (MCS) technology with
the usage of one pipe equipped with three micro pipes. The assumptions about the
construction of passive infrastructure are as follows:

o The fibers optical cables are done based on the MCS system.

* Pipes used are suitable for dig in MCS cable directly in the ground. The pipes are
equipped with 3 micro pipes. The fiber cable can be blown into each of micro pipe.

* In the first stage of project implementation to one of three micropipe fiber cable is
blown. The cable contains 96 fibers on the basis of 8 micro cables with 12 fibers in
each micro cable.

* To extend the network transmission capacity in the future, at each 1 km distance
cables are placed into bunker.

The total length of fiber infrastructure in Wabrzezno city is about 12 km long. To
estimate Wgbrzezno City network investment cost, it has been assumed (information
were obtained from different telecommunication companies), that the average cost of
1 km fiber cable implementation is around 110 thousand PLN. So, the total cost
of Wabrzezno City network passive infrastructure (fiber cabling) was estimated on
1,3 millions PLN.

4. ACTIVE INFRASTRUCTURE OF WABRZEZNO CITY NETWORK

As, it has been discussed in the previous parts of this paper, in order to improve
reliability of Wabrzezno City backbone network the dual ring topology has been
proposed for it. Dual ring network topology connecting backbone nodes ensure
connectivity of backbone even in the event of network failure. However, access nodes
Joined to the backbone nodes create the configuration of star topology that is relatively
inexpensive to implement and easy to locate of any failure in the network. From
planned network physical layer description follow that each access node is connected to
one backbone node with one pair of fibers only. It is clear that such connections do not
give any redundancy, as it is in the case of backbone nodes, so the connection between
each access node and backbone node results in a total cut of services offered by the
network. However, access layer star topology significantly reduces the CAPEX and
OPEX costs and possess big impact on the later stage of proposed network development
and exploitation.

Before the necessary choice of the equipment is possible it is essential to
evaluate the total volume of traffic generated in Wabrzezno City network. The traffic in
this network has been calculated in accordance with the procedure outlined in the paper
[8]. For traffic evaluation the following assumptions has been taken:

1. Around 20% of all households in Wabrzezno will be connected (via ISP networks)
to Wabrzezno City network. Average capacity of user access line will be 6 Mb/s:
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In designed Wabrzezno City network the backbone nodes have been located in
three main locations: Water Tower, Meat Processor and WDK. It should be noted
however that described network would operate in future as Carrier of Carriers network
type, where the users (both residential and business) will be joined to the network via
local ISP networks. So, in the planned here network do not exist access lines connecting
end users, as in fact this city network is “last mile before” network.

It has been suggested that the Wabrzezno City network should be connected to the
global Internet via Kuyavia-Pomerania Regional Broadband (K-PSI) network. The
Internet Exchange Point with K-PSI network will be installed in two backbone nodes
located in a Water Tower and WDK. [t has been assumed also that connection between
Wabrzezno City network and K-PSI regional network would be implemented for every
node through two links with of 1 Gb/s each (all together 4 Gb/s).

The total cost of active infrastructure installed in Wabrzezno City network has
been estimated on 700 thousand PLN.

5. CONCLUSIONS

The paper is devoted to the designing project (plan) of Wabrzezno City network.
In the paper, the topological structure of fiber optic network as well as the final solution
for active layer of the network has been presented. For construction of passive
infrastructure the technology of Modular Cable System — MCS has been suggested.
Within this technology the fairly wide range scalability and cost effective network has
been provided.

For the construction of the city network active layer the Metro Ethernet technology
is used. Metro Ethernet technology provides a low cost of construction (CAPEX), ease
of implementation of the network and low operating cost (OPEX). The parameters of
installed network switches (switches) Metro Ethernet guarantee the scalability of the
network for at least 10 years. The project assume also, that the city network in
Wabrzezno cooperate with the regional K-PSI network (Wabrzezno City network and
K-PSI network exchange traffic via common IXP point).

Total investment cost of Wabrzezno City IP network is estimated on 2 millions
PLN.
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Summary: Eyetracking gives great capability of computer’s systems control and study
of usability applications. In this paper we show construction of eyetracker and range
of applications.

Keywords: eyetracking. usability applications. heatmap.

1. INTRODUCTION

At present a much attention is focused on the development of alternative methods
of communication and computer control. One of the noninvasive and contact less
method is the eye tracking method. The important feature of this method is no
interference in natural human behavior and a broad range of application. The goal of
this paper is the presentation of the eye tracker operation principles and possibilities of
its applications.

2. EYETRACKER — CONSTRUCTION, PRINCIPLES
AND OPERATION IMAGE PROCESSING

The construction of the eye tracking device is based on the processing of the image
from camera situated on the front of the computer operator and few infrared light
sources, which illuminate the observer eyes [2]. In the first stage of operation is the eyes
localization, determination of the sight lines and the distance between the centers of
eyeballs. The eyes must be localized on horizontal line and the observer face should be
directed to the camera objective. These operations can be realized on many ways as for
example the way using brightness gradient. Next, the image of both eyes recorded by
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METODOLOGIA 1 ZASTOSOWANIE EYETRACKINGU

Streszczenie

Eyetracking znajduje bardzo szerokie zastosowanie w systemach komputerowych do
sterowania komputerem oraz w badaniach nad uzytecznoscig aplikacji. W niniejszej
pracy przedstawiono budowg eyetrackera oraz scharakteryzowano obszary zastosowan.

Stowa kluczowe: eyetracking, badanie uzytecznosci, mapy ciepta
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private final double Q, R, M, F;
private double p = 1.0;
private double xhat = 1.0;

public double predict (double inputvValue) {
double x _hat_k_minus;
double p_k_minus = Math.pow(F, 2} p + Q;
double K = p_k _minus * M / (p_k_minus * Math.pow(M, 2) + R);
double x _hat_k = x_hat k minus+ K+*inputValue-M*x hat_k minus) ;
double p k = (1 - K) * p k minus;
p = p k;
xhat = x _hat_k;
return x_hat_k;

Fig. 5. Implementation of the Kalman filter in Java programing language

Results (most optimum weight for each section) are shown in Table 1. Notice that
there are different values for each distance. Inspired by this observation, we concluded
that weight could be periodically modified by the simulations were carried out on
historical data from some period.

Table 1. Optimal values of weights on each segment

Distance w Wy Wy
0 | 0.7 0,7
1 | 1 0.8
2 1 0,4 0.4
3 1 0.4 0.4
4 1 1 1
5 | 0,4 0.4
6 1 1 1
7 1 1 1
8 | 0,6 0,6
9 1 0,1 0,1
10 1 0.8 0,7
11 1 0,8 0,1
12 1 1 1
13 1 0,5 0,5
average 1 0,69 0,62

3. RESULTS

Applying discussed in the previous chapter the methods of determining the time
prediction obtained the following results (table 2). For better clarity, derived
calculations have been rounded to 2 decimal places. The smallest average prediction
error was obtained for the Kalman filter with variable weights. Some individual time
prediction errors received for the differential algorithm had little value (within 0 and 1
in Table 2). However, in this algorithm all errors are cumulative, making it impossible
to obtain satisfactory results.
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In the future, we will test the Kalman filter having more parameters than just the

last tree travel times. Perhaps, expected results would be given by a simulation using the
optional values of fixed parameters of Kalman filter.
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IMPLEMENTACIJA FILTRU KALMANA DO PROGNOZOWANIA
CZASU PRZYBYCIA AUTOBUSOW

Streszczenie

W pracy przedstawiono zastosowanie filtru Kalmana do prognozowania czasu przybycia
autobusow. Filtr Klamana to algorytm rekurencyjnego wyznaczania minimalno-
wariancyjnej estymaty wektora stanu uktadu dynamicznego, na podstawie pomiaru
wejsc 1 wyjsé tego uktadu. Zbadano trzy algorytmy predykcji: algorytm réznicowy,
tradycyjny filtr Kalmana oraz filtr Kalmana ze zmiennymi wspolczynnikami. Autorzy
badali odchylenie od prognozowanego czasu przyjazdu autobuséw. Uzywano do tego
celu danych przesytanych droga radiowa z autobuséw do serwera predykcji. Najlepsze
wyniki uzyskano dla filtru Kalmana ze zmiennymi wspélczynnikami.

Stowa Kluczowe: filtr Kalmana. prognozowanie czasu






