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Abstract — The paper presents the introduction of the
most modern telecommunication transmission
technologies in education of the course “Transmissin
and Switching Systems”. This course is included ithe
Master study program “Computer Technology”; thanks
to its structure and level, it provides a comprehesive
overview of modern telecommunication systems. The
education is based on several workplaces in the
Laboratory of Data Transmission where students camget
familiar with the following topics: signal transmission
over optical fiber and other optical components (WM,
DWDM); xDSL (Digital Subscriber Line) transmission
technologies; video and voice transmission over IP
networks; configuration of CATV systems. The
laboratory offers also workplaces for wireless (Wi and
mobile (GSM, CDMA, UMTS) technologies.

Index Terms — Laboratory education, Telecommunications,

Transmission systems.
INTRODUCTION

The main problem of education in the area of trassion
and switching systems is the continuous and vernadyc
technology development. The curricula must adapthe
said development, and principles of laboratory atioo
have to follow this trend as well. Modern educatio such
areas cannot be based only on theoretical knowledge
cooperation with industry convinces us that itésessary to
join the knowledge from theoretical lessons vepsely with
practical experience from laboratory exercises idep to
improve the competitiveness of our graduates in jtie
market. The appropriate equipment of
workplaces is crucial for application of this priple, in
order to avoid the disproportion between the quantif
theoretical issues introduced during the lecturad the
number of measurements, implemented configuratams
practical tests. For this reason we decided taifoon
complex innovation,
measuring workplaces including their technologyipoent,
so that our students can use the state-of-theabdrétory
facilities corresponding to the current trendswa$ as to the
technology and safety standards and regulations.

CURRENT STATE
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engineering at the Czech Technical University imgee,
Faculty of Electrical Engineering, performs sucoess
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rebuilding and extension of the

modernization of its laboratories, reflecting thapid

development in the areas of communication technesog
Several laboratory exercises have been newly degdigm

modernized, which complement the theoretical kndgte
obtained by students during specialized lecture$he

laboratory exercises are intended mainly for thk-tiime

students of bachelor and subsequent Master progaathe
Department, taking the following courses: MeansDaita

Communications, Principles of TelecommunicationtSys,

and Transmission and Switching Systems.

LABORATORY EXERCISES

As we are limited by the yearly quota for contemtavation,
we decided to update the following parts of therseun the
current academic year, reflecting the most rapililyeloping
areas of communication technologies.

1. Data Transmission in CATV (Cable Television) Networks

This exercise makes students familiar with the isecture of

the cable television network focusing on data tmassion
within CATV systems. The considered system (sjestiby
DOCSIS standard) employs two types of transmission
channels with different frequency bands — there ais
backward channel (upstream direction i.e. from the
subscriber / cable modem towards the network) and a
forward channel (downstream direction, i.e. frome th
network towards the subscriber / cable modem). rEinge

of working frequencies is 108—862MHz for the fordar
channel and 5—45 (or 65) MHz for the backward ofibde
fixed width of a transmission channel for the dotresm
direction is 6MHz. The standard also quotes thaditimns

measurindor use of the specific types of modulations defregadn the

bit-error-rate (BER) and signal-to-noise ratio (NR hese

theoretical conditions can be expressed by a rather
complicated formula for the probability of a bit@r (1):
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where:

M is the number of modulation states,
SIN is the signal-to-noise ratio,

k is the number of bits per symbol,

a is the roll-off-factor

(for 64-QAM, 0=0.8; for 256-QAM,0=0.2).

10 15 20 25 30 35

1,0E+00

1,0E-01

1,0E-02

1,0E-03

N\
T N \
\ \
\ \
\ \
\ \
\ \

1,0E-10
CIN (dB)

1,0E-04

BER

FIGURE 1
BIT ERROR RATIO VS SIGNAL-TO-NOISE FOR SEVERAL LEVELS OM-QAM

During the exercise,
conditions by decreasing the signal-to-noise radiod
measuring the bit error rate [1]. The other thtoaé
knowledge (influence of particular modulation typédth of
transmission channel, transmission power etc.)
demonstrated using the proper technology.

2. Signal Transmission over Optical Fiber

For illustration of theoretical principles in theea of optical

students verify the assumed

is

spectrum, it is possible to make such experimentgriical
bending radius” (causing the leakage of opticahaidrom a
single-mode fiber and macro-bend losses). Thiertiizal
condition is described by (2):
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3. Video Transmission over |P Networks

This exercise is of a “demo” nature. Its goal asnake
students familiar with the technology and capabditof
devices intended for unidirectional or bi-directbn
transmission of a video signal over IP (Internett®eol)
networks.

CAM Audio

transmission media we have chosen a complex daacti e T

system containing optical transmitter and receateng with
a set of various accessories (optical modulescalppath,
connectors). The system offers comprehensivedotrtion
of an optical transmission facility, allowing meesments of
attenuation (fiber, tract, spectrum dependence) @nthe

parameters of radiation sources (LED and laser ones

transmission and V-A characteristics, stability, dulation
properties). As the system is equipped with varitypes of
detectors (PIN, APD) made from different materi@s Ge,
InGaAs), it is also possible to explore their pagtans
(sensitivity, frequency response, modulation proesr etc.)

12].

» IPNET

The laboratory exercises emphasizes the following

aspects:

* Transmission of optical radiation over a fiber,

« Fundamental physical principles,

* Measurements of fiber parameters,

« Radiation sources and detectors,

e Optical communication system,

« Modern optical elements — parameters and applitstio
e Optical wave multiplexes WDM,

e Optical fiber sensors.

Since the system is based on plastic (polymer)dibad
the transmission employs light beams in the visjidet of

Coimbra, Portugal

S — g—
PC - client
FIGUREZ2

HW MPEG-2ENCODERTERACUEENC-100

The exercise is divided into two parts. Within first
one, students set up a videoconferencing conneasorg a
pair of VCON HD3000 units, and then experiment with
modification of communication parameters — inclggdin
transmission speed (from 64kbps up to 4Mbps und2é6H
H263, H263+, and H263++ standards), image resoludi-
(352 x 288 pixels) and QCIF (176 x 144 pixels), gmture
frequency (15 frames per second and 30 frameseoend).
For the audio signal, codecs may be selected aioepia the
appropriate standards (G.711, G.722, G.723.1, G.ZRd
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G.729). For each set of parameters, students rperfo 5. xDS. Technologies
subjective quality evaluation of the audio and widggnals The laboratory exercises “XDSL Technologies” refiethe

transmitted over an IP network. rend of subscriber Internet connections in the dize
The second part is focused on a unidirectionaf:{e ublic, where the majority is currently based AIDSL

distribution of a high-quality video signal. [3].For this gng’its versions. Specif Cla”yystu donts aﬁé ond 0.

purpose, Teracue ENC-100 hardware MPEG-2 real—t|m. ADSLOISDN — using frequency band from 138kHz to

encoder is used, together with a camera, microphame a .
PC with VideoLAN media player. 1.1MHz, reaching downstream speed up to 8Mbps and
upstream up to 1Mbps;

Student can influence the output data rate in Hmge :
between 800kbps and 15Mbps (VBR or CBR) for video® ADSL2 —for frequency band below 1.1MHz, maximum
stream and 256 or 320 kbps for audio stream, dépgrh transmission speed being approximately 9.5Mbps;
the required quality of picture; the following apts are * ADSL2+ — for frequency band below 2.208MHz,
supported: downstream speed up to 25Mbps, upstream speed up to
- 720x576 pixels, 1Mbps.

e 384x576 pixels,

. 384x288 pixels. Students set up a data link beginning at ADSL ATU-C

(central unit), followed by an artificial cable @@m),
attenuation element and ADSL ATU-R (remote unitjhwa
PC. Then they verify the theoretical maximum traission
throughput and reachable distance, registeringntimber of
allocated bits for different values of sound-togsoratio.

Again, students perform subjective quality evalmatbf
the audio and video signals transmitted over amd&vork
and record the results.

4. Wireless and Mabile Technologies

This exercise introduces the basic principles neefie SUMMARY

operation and configuration of wireless (IEEE 802H/Q)
and mobile (EDGE, UMTS CDMA) networks. In the firs
part, dealing with wireless, students use acceséstpand
PCs with Wi-Fi USB adaptor to set up and configaremall
private network. During the configuration procéissy pay
gtlt:e[;]&cy)n 1§_QtXeM’ mg%lgitjonBsPSKDéSO?anC):K_ (Saonzdlltg)be aimed towar(;is IP-based technologies, e.g. IRMéraet
encryption mechanisms (WEP 64/128-bit, WPA). AsusPrOtOCOI Television).
components are used for this — specifically, WL{ &¥SB
adaptor and WL-500g access point. When the netigoslet

up and configured properly, students can verify its_ . i
transmission parameters. This paper has originated thanks to the supporaiodd

Within the second part students measure thdrom the Czech Universities Development Fund (FRVS)

transmission capabilities of the technologies effleroy  Within the grant No. 2519/2007-Fla.

Czech mobile operators — especially data transomsssing

EDGE (Enhanced Data Rates for GSM Evolution), UMTS REFERENCES

TDD (Universal Mobile Telecommunications Systemim@ ] Walter, C.Modern Cable Television Technology (second ediion)
o . : ,C.| i y ition),

CD)Ir\]lllj)lon D'LIJ'FP)]leeXIrr]r?gaa;l]ﬁ’e?T][()el\rfté 1ggé_ra]?néEvg#ggR/_eDagata McGraw-Hill Companies, San Francisco 2004, ISBNi5B60-828-1

throué]hput (transmission performance) and SO-Caﬂi'EE[g [2] EF-970:Fibre Optic Communications Training System (online),

delay (latency), comparing the results achievabith the http://www.promax.es/ing/productos/fichaprod.asp@pct=0901
different technologies. [3] Datavideo Technologies Co. (online), http://wwwalédieo.info

High-quality modern equipment of laboratories is a
fundamental condition for successful increasingheffuture
graduates’ competitiveness in the job market. djective
of the performed innovations is to reflect the amnbus
dynamic development in the area of ICT. Futur@steill
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