Uvod do poéitadovych siti

Fyzicka uroven

Teoreticky zéklad datovych komunikaci

Fourierova analyza
.

Signaly limitované Sitkou pasma

Maximalni pfenosova rychlost kanalem
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Signaly limitované Sifkou pasma
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(a)

Binarni signal a druha odmocnina souétu kvadrati amplitud
nasobku zakladni  frekvence.

(b) — (c¢) nasledné aproximace originalniho signalu.
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Signaly limitované

%

Sitkou pasma (2)

(d) — (e) dalsi aproximace originalniho signalu .
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Signaly limitované Sitkou pasma (3)

Bps T (msec) | First harmonic (Hz) # Harmonics sent
300 26.67 375 80
600 13.33 75 40
1200 6.67 150 20
2400 3.33 300 10
4800 1.67 600 5
9600 0.83 1200 2
19200 0.42 2400 1
38400 0.21 4800 0
Vztah mezi rychlosti pfenosu dat a harmonickymi.
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Ptenos dat vedenim
*  Magnetickd média
* Kroucena dvojlinka
* Koaxialni kabel
*  Opticka vlakna
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Kroucena dvojlinka

(b)

(a) kategorie 3 UTP.
(b) kategorie 5 UTP.
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Koaxialni kabel
Copper Insulating Braided Protective
core material outer plastic
conductor covering
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Koaxialni kabel.
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Vladknova optika
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Air/silica
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Silica Light source

(a) Priklady odrazu a lomu svételného paprsku na rozhrani skla a vzduchu.
(b) Sifeni svétla Gplnym odrazem.
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Pienos svétla optickym vlidknem
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Utlum svétla pfi pricchodu optickym vldknem v oblasti infraderveného

zéfeni.
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Optické kabely
Sheath < Jacket
Core
(glass)
Cladding Jacket
(glass) (plastic) Core Cladding

(a)

(a) Struktura jednoho vlakna optického kabelu.

(b) Opticky kabel se tfemi vlakny.

(b)
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Optické kabely (2)
ltem LED Semiconductor laser
Data rate Low High
Fiber type Multimode | Multimode or single mode
Distance Short Long
Lifetime Long life Short life
Temperature sensitivity Minor Substantial
Cost Low cost Expensive

Porovnani zdrojti infracerveného zafeni — polovodicovy laser a LED.
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Optické sité

Toffrom computer

Computer Copper wire
nterface
ot inte!
e
/ __,. Direction
L oflight
propagation
Fiber Optical Signal Optical
\ receiver regenerator  transmitter
Optical fiber Interface (photodiode)  (electrical) (LED)

Struktura optické sité ve tvaru kruhu s aktivnimi opakovaci.
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Optické sité (2)

Receiver
Transmitter
Computer
interfaces
Each incoming
fiber illuminates
the whole star
s J

Each outgoing fiber
sees light from all
the incoming fibers

Propojeni optickych vlaken pasivnim optickym rozbo¢ovacem ve tvaru hvézdy.
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Bezdratovy pienos

»  Elektromagnetické spektrum
* Radiovy ptfenos
*  Mikrovlnné pienosy

*  Pfenos v infraerveném spektru a v mikrovinném
spektru

*  Pfenos ve viditelném spektru
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Elektromagnetické spektrum
f(Hz) 10° 102 10* 10° 10® 10'® 10" 10" 10'® 10" 10 102 10*
‘ Radio ‘Microwave Infrared ‘uv Xeray | Gamma ray
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Band LFMF
Elektromagnetické spektrum a jeho vyuziti pro komunikace.
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25.10.2006

Radiovy pienos

Earth's surface
(b)

Earth's surface

(a)

Na velmi dlouhych, dlouhych a stiednich vinach kopiruji radiové viny

(2)
povrch Zemé.
(b)  Na kratkych vlnach dochazi k odraziim od ionosféry.
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Rozdéleni elektromagnetického spektra

26 83.5 125
Bandwidth _MHz MHz MHz
902 928 2.4 2.4835 5.735 5.860
GHz GHz GHz GHz

Freq
MHz MHz

Vyssi frekvenéni pasma v USA.

25.10.2006 Uvod do pocitacovych siti - fyzicka troveit




Svételny prenos

misses the detector
Photodetector Region of

wrbulent seeing __—Laser

off the building

Tepelné proudéni vzduchu mize ovlivnit laserovy komunikaéni systém.
Obrazek predstavuje obousmérny komunikaéni systém se dvéma lasery.
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Komunikacni satelity

*  Geostacionarni satelity

+  Satelity na stfedni obézné draze

*  Satelity na nizké obézné draze

*  Porovnani satelitd a optickych vlaken
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Komunikacni satelity

Altitude (km) Type Latency (ms) Sats needed
35,000 GEO 270 3
30,000
25,000
20,000

Upper Van Allen belt
15,000
10,000 }ED%E MEO 35-85 10
5,000
Lower Van Allen belt
1-7 50
LEO

Komunikaéni satelity a nékteré jejich vlastnosti, véetné vzdalenosti od
Zemé, doby odezvy a poctu satelitll nutnych pro uplné pokryti.
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Komunikaéni satelity (2)

Band Downlink | Uplink | Bandwidth Problems

L 15GHz | 1.6 GHz 15 MHz | Low bandwidth; crowded
S 1.9GHz | 2.2 GHz 70 MHz | Low bandwidth; crowded
C 4.0GHz | 6.0 GHz 500 MHz | Terrestrial interference
Ku 11 GHz | 14 GHz 500 MHz | Rain

Ka 20 GHz | 30 GHz | 3500 MHz | Rain, equipment cost

Zakladni satelitni pasma.
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Komunikaéni satelity (3)

Communication
satellite

X A %2

VSATs (Very Small Aperture Terminal) s pouzitim Hubu.
Velmi malé stanice, b&zné mensi nez 2.4m, pouzivané pro satelitni komunikaci.
Pfenosova rychlost az 2MB/s obéma sméry.
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Hub

Satelity na nizké ob&zné draze
projekt Iridium

(a) Rozmisténi satelitd Iridia kolem Zemé.
(b) 1628 pohyblivych bunék zahali celou Zem.
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Globalstar

Satellite switches Bent-pipe

= satellite

\

=

b
L \Swilchmg

A . on the
%k / % ground
129::1
(a) (b)
(a) Pfepinani ve vesmiru. (b) Pfepinani na Zemi
Satelitni telefony, SMS, fax
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Veftejné prepinané telefonni systémy

+  Struktura telefonniho systému

*  Rozdéleni telefond

*  Lokalni smyc¢ka: modemy, ASDL a bezdratové spoje
»  Tranzitni propojeni (Trunk) a multiplexovani

*  Pfepinani
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Struktura telefonniho systému

(a) (b) ©

(a) UpIné& propojena sit’.
(b) Centralizovany piepinac.
(c) Dvoutroviiova hierarchie.
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Struktura telefonniho systému (2)

Intermediate
Telephone End Toll switching Toll End Telephone

H office office office(s) office office ﬁ

@/—Q/ S /g—\Q—\@

Local Toll l:fﬂ'z\/';;g& Toll Local
loop connecting 4 connecting loop
intertoll
trunk trunk
trunks

Typicka okruh pro volani na stfedni vzdalenosti.
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Hlavni komponenty telefonniho systému

*  Lokalni smycky
= Analogové pienosy kroucenou dvojlinkou
» Dalkova vedeni (Trunks)
= Digitalni pfenosy vldknovou optikou
propojujici digitalni ustfedny
+  Usttedny
= Propojeni jednotlivych dalkovych vedeni
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Lokalni smyc¢ky: modemy, ASDL,
bezdratové spoje (wireless)

™ Localloop  Medium-bandwidth

Digital line

(analog, truni 229!

twisted pair)  (digital, fiber) T }Up(ow‘ooo
local loops

Modem bank

End office High-bandwidth trunk

(digital, fiber)

Pouziti analogovych i digitalnich pfenosti pro propojeni po¢itaci.
Pievody jsou realizovany modemy a kodeky (codec).
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Phase changes =

(a) binarni signal (c) Frekvenéni modulace

(b) amplitudova modulace ~ (d) Fizova modulace
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Modemy (2)
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Piiklady amplitudo — fazové modulace
(a) QPSK. (b) QAM-16.  (c) QAM-64.
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Modemy (3)
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@ (b)

(a) V.32 pro 9600 b/s.
(b) V32 bis pro 14,400 b/s.
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Uvod do poéitadovych siti

Fyzicka uroven
(druha cast)

Digitalni ucastnické linky
(Digital Subscriber Lines - DSL)

Mpbs

| | I I |

1000 2000 3000 4000 5000 6000
Meters

Zavislost sitky pasma na vzdalenosti pro pfenos DSL kroucenou dvojlinkou

(UTP) kategorie 3 (telefonni vedeni).
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Digitalni G¢astnické linky (2)
256 4-kHz Channels
a

0 25
-~

1100 kHz

Voice

25.10.2006

Upstream Downstream

Provoz ADSL s pouzitim diskrétni vicetonové modulace.
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Digitalni G¢astnické linky (3)

&

Telephone

Voice
switch

Codec
splitter | Telephone Splitter
Ii'ne

Computer
\

DSLAM

ADSL
modem

Ethernet

To ISP

Telephone company end office

Customer premises

Typicka konfigurace ASDL.
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Bezdratové lokalni smycky

=S

—EH - ]

t-

Architektura LMDS (Local Multipoint Distribution Service), 28 & 31 GHz, ifka pasma

ve dvou blocich (A a B) 1150MHz (850+150+1150) a 150MHz (75+75).
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Frekven¢éni multiplexovani
Channel 1 L
5 Channel 2
3 Semd2 Channel 1 Channel 3
] — { \[\ )
2 64 68 75
Channel 3 Frequency (kHz)
L C ©
300 3100
Frequency (Hz) Frequency (kHz)
@ ®
(a) Originalni pasmo.
(b) Posunuté pasmo.
(c) Multiplexovany kanal.
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Multipexovani podle délky viny
(Wavelength Division Multiplexing)

Fiber 1 Fiber 2 Fiber3 Fiber 4 Spectrum
spectrum spectrum spectrum spectrum on the
shared fiber
H H H E 2
i " & /\ & ) & &
A P A X »

y F\Iter\

Fiber 1 lﬁ\

)
Fiber 2 == _ Athathathy R
g Combiner Splitter

Fiber 3 N .
In Long-haul shared fiber
Fiber 4 =———/ N\,

Multiplexovani podle délky viny.
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Casové multiplexovani -(Time Division Multiplexing)

le—————— 193-bit frame (125 ysec) —————————————=|

Channel Channel Channel Channel | Channel |
1 & 3 4 } 24 :
i i
: :
! i 1
I |
0 | !
i 1
fo———
\Bit 1is 7 Data Bit 8 is for
a framing bits per signaling
code channel
per sample
Prenosovy systém T1 (1.544 Mbps).
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Casové multiplexovani (2)

Consecutive samples
always differ by 1

15 Signal changed too
rapidly for encoding
to keep up
]
]
310
<
8
T
N
=
A 5
|01LL111000000000|11111/
Ti
) me Bit stream
Sampling sent
interval
Delta modulace.
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Casové multiplexovani (3)

4 T1 streams in 7 T2 streams in 6 T3 streams in

17T2 stream out

— 11117111
1.544 Mbps 6.312 Mbps 44.736 Mbps 274.176 Mbps
T T2 T3 T4

Multiplexovani T1 do vyssich prenosovych systémt (T2, T3, T4).
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Casové multiplexovani (4)

3 Columns
for overhead
—] | 87 Columns
T g Sonet
Rg - o frame
CINS T ! L (125 psec)
Sonet
frame
1 (125 psec)
I |
Section Line Path
overhead overhead overhead . SPE
SONET Synchronous Optical NETwork) ramce.
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Casové multiplexovani (5)
SONET SDH Data rate (Mbps)
Electrical | Optical | Optical Gross SPE User
STS-1 OC-1 51.84 50.112 49536
STS-3 OC-3 STM-1 155.52 150.336 148.608
STS-9 0C-9 STM-3 466.56 451.008 445.824

8TS-12 0OC-12 STM-4 622.08 601.344 594.432
STS-18 OC-18 STM-6 933.12 902.016 891.648
8TS-24 0C-24 STM-8 1244.16 | 1202.688 | 1188.864
STS-36 0OC-36 STM-12 | 1866.24 | 1804.032 | 1783.296
S5TS-48 OC-48 STM-16 | 2488.32 | 2405.376 | 2377.728
STS-192 OC-192 | STM-64 | 9953.28 | 9621.504 | 9510.912

Rychlosti multiplexovani SONET and SDH (Synchronous Digital Hierarchy).
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Ptepinani okruht

Physical copper
connection set up
when call is made

‘Switching office

Computer Packets queued
for subsequent
transmission

(a) Pepinani okruhd.
(b) Piepinani paketi.
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Ptepinani zprav

Call request signal

= [ Pres |
Propagation | e
dolay | Msg ——
T gy [[Prea |
Queuin
Mag | Queuing
2
£
l Msg
cail
=— accopt
———1 Sionat
Data
a8 | Bc | co |
trunk | trunk | trunk
A B c o A B c o A 8
(a) (b) ()
(a) Prepinani okruht (b) prepinani zprav (c) piepinani pakett
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Prepinani paketi

Item Circuit-switched | Packet-switched
Call setup Required Not needed
Dedicated physical path Yes No
Each packet follows the same route Yes No
Packets artive in order Yes No
Is a switch crash fatal Yes No
Bandwidth available Fixed Dynamic
When can congestion occur At setup time On every packet
Potentially wasted bandwidth Yes No
Store-and-forward transmission No Yes
Transparency Yes No
Charging Per minute Per packet

Porovnani siti s pfepinanim pakett a piepinanim okruhu.
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Mobilni telefonni systém

*  Prvni generace mobilnich telefonii:

analogové ptenosy hlasu

*  Druha generace mobilnich telefond:
digitalni pfenosy hlasu

»  Treti generace mobilnich telefonti:
digitalni pfenosy hlasu i dat
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Zdokonaleny mobilni telefonni systém

(a) (b)

(a) V sousednich buiikach se nemohou pouzit stejné frekvence.
(b) Pouziti mensich buiiek dovoluje zvysit pocet uzivateld.
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Kategorie kanalt

832 kanali rozdéleno do 4 kategorii:
+  Rizeni (zakladna do mobilu) pro Fizeni systému

*  Paging (zédkladna do mobilu) upozornéni uzivateld na
volani

»  Pfistup (obousmeérny) pro vytvareni spojeni a
pridéleni kanalu

»  Data (obousmérny) pro hlas, fax a data
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D-AMPS (Digital Advanced Mobile Phone System)

Zdokonaleny systém mobilnich telefonti

TDM frame TDM frame
40 msec 40 msec

tpaman (T2 [S[1[2]s] 0010, e

1930.05 MHz
base to mobile

Donmeimam [T 1]2 [ 1]z | E007Ch
owsan (3T [23 [2] 20,
324 bit slot:
64 bits of control
101 bits of error correction
159 bits of speech data

(@) (b)

(a) D-AMPS kanal se tfemi uzivateli.
(b) D-AMPS kanal se $esti uzivateli.
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Globalni systém pro mobilni komunikace

TDM frame

Channel
osoemiz[ 111l lerrrrn i frrr ey fres
N Base
035.4 MHz [ |y | 111 | e s ] 2 [T
9352MHz [ | | | | | 1 [ i
-
g
El
§omsmz o oo ocno o fes
w : Mobile
to b:
8904 MHz [ | | | [ | [ e w2
sso2MHz[ 1y 1y L T T o

GSM pouziva 124 frekvencnich kanald, kazdy z nich pouziva 8 ¢asovych slott
systému ¢asového multiplexu (TDM)
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GSM (2)

<~ 32,500-Bit multiframe sentin 120 msec ————————»
c
o|1|2]s 5067 o[11|T|13[14 |15 |16 17 |18 |19 | 20|21 |22| 23|24
L £
Reserved
<==—=""——— 1250-Bit TDM frame sent in 4.615 msec —==—=——» '°1:';re
‘ i I ' I : I ° I ‘ I ° I ° I ! I
= o 8.25-hit
_>‘ ‘* (30 usec)
d . guard time
.-~ 148-Bit data frame sent n 547 usec >~
000 | Information | | Sync | | Information | 000 ‘
Bits 3 57 26 57 3
Voice/data bit
Cast struktury ramce GSM .
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Treti generace mobilnich telefont:

digitalni zvuk a data

Zakladni sluzby sité International Mobile Communications - 2000

(IMT-2000) zahrnuji

e Pfenos zvuku s velmi vysokou kvalitou

Posilani zprav (nadhrada e-mail, fax, SMS, chat, atd.)

e Multimédia (hudba, video, film, TV, atd.)
*  Pristup k Internetu (surfovani, multimédia)
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Kabelova televize

*  Spolecna televizni anténa

*  Pfistup k Internetu prostiednictvim
ucastnického kabelu

*  Rozdéleni ptenosového spektra
+  Kabelové modemy
* ADSL kontra kabelové pienosy
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Skupinova televizni anténa

Antenna for picking
up distant signals

6 =) g3 ElE)
% g BH HE g ®F E¥ g @8 % g BH
T T T T,/Dropcable
Tap Coaxial cable

Puvodni systémy kabelové televize.
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Kabelovy Internet

fiber =5 gl ]
trunk e Wil e e Wl wie Coaxial
! ! ! cable

-

~~—Fiber node

e = By B

£l
~y
- House

|
@ T i e

e

1
LI
(a)

Kabelova televize
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Kabelovy Internet (2)

Toll High-bandwidth End  Local
office fiber trunk office loop

D

O
Copper _—""
twisted pair £ g @5

(b)

Fixni telefonni systém.
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W ’
Rozdéleni spektra

54254 88
0 108 550 750 MHz

£

g

£5 TV M TV Downstream data

5

34

g 2 Downstream frequencies

S¢

Rozdéleni spektra v typickém TV kabelovém systému s
moznosti ptistupu k Internetu.
60
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Kabelové modemy

Coaxial cable Downstream channel without contention:
27 Mbps using QAM-64 and 184-byte payloads

Packet Upstream channel with contention:
9 Mbps using QPSK and 8-byte minislots

Upstream a downstream kabelové televize.
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Modem

61
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