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DATA COMMUNICATIONS

pred IEEE 802.11

» FHSS (rozprostiené spektrum) vymysleno nékdy ve 40.letech 20.stoleti

Frequency Hopping Spread Spectrum
- Vojensky pavod, pocatek 60.let se zacalo pouzivat

ruseni
- ruSeni FHSS tolik nevadi
- pokud ruseni v klasice tak problém
- kdyz US armada zavedla, Rusiim se na odposlechu jen
zvysil Sum (uméli jen klasiku)
f
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DATA COMMUNICATIONS

nastup IEEE 802.11

»80.letech 20.stoleti — uvolnéné pro civil

Mobilni pfipojeni, CDMA, UMTS,..
Dalkové ovladani modelud letadel, ..

> Cervenec 1994 vydan standard IEEE 802.11 — FHSS, DSSS

- Frekvenéni pasmo rozdéleno na 75 (79) kanal( o Sifce 1 MHz
- Kanaly se stridaji, na kazdém se vysila max. 400 ms
FHSS - Moznost funkce vice systému v témze pasmu (2,4 GHz) soucasné (teoreticky 26, prakticky asi 15)
- Omezeni rychlosti na 2 Mb/s
- Vyrobné jednodussi, nepotrebuji sofistikované vypocty (sloZity vyvoj, sloZitéjsi HW, vyssi odbér energie)

- Vysilana informace se matematicky rozprostre do pasma 22 MHz
DSSS . o
K dispozici 3 takovato pasma

» 1999 vydan standard IEEE 802.11b — DSSS, 2G4

» 1999 vydan standard IEEE 802.11a — OFDM, velké zaruseni v 2G4, presun do 5G6
»2003 vydan standard IEEE 802.11g — OFDM, DSSS, 2G4

» 2009 vydan standard IEEE 802.11n — MIMO-OFDM, 2G4, 5G6
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DATA COMMUNICATIONS

IEEE 802.11n

- k jeho vyvoji vyjadrovalo vice jak 400 ¢len( standardizaéni komise z cca 20 zemi (Atheros, Broadcom, Intel,...)
- zafizeni navzdjem kompatibilni

- odolnost proti ruseni — MIMO

vyssich vrstev)

- propustnost navysim zvétSenim poctu antén (max 16 venku, 4 uvnitr)

- problémem zUstavaji vyssi vrstvy — rdzni vyrobci, rlizné protokoly
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DATA COMMUNICATIONS

» bluetooth

- 2400-2483,5 MHz , jako WiFi

- Skace 1600skoku/s, jeden okamzik zabira 1MHz pasma

- Diky skokim WiFi tolik nezarusuje a samotné BT také funguje
- Oproti WiFi maly vykon

L-“-ﬁoh.nmn-‘
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SPEKTRUM

> 802.11b/g

Kanal Stredni frekvence | f mezi kanaly Sitka kanalu Kandlovy presah
1 2.412 GHz 2.401-2.423GHz | 2-5
2 2.417 GHz 5 MHz 2.406-2.428GHz | 1,3-6
3 2.422 GHz 5 MHz 2.411-2.433GHz | 1-2,4-7
4 2.427 GHz 5 MHz 2.416-2.438 GHz | 1-3,5-8
5 2.432 GHz 5 MHz 2.421-2.443GHz | 1-4,6-9
6 2.437 GHz 5 MHz 2.426-2.448 GHz | 2-5,7-10
7 2.442 GHz 5 MHz 2.431-2.453GHz | 3-6,8-11
8 2.447 GHz 5 MHz 2.436-2.458 GHz | 4-7,9-12
9 2.452 GHz 5 MHz 2.441-2.463 GHz | 5-8,10-13
10 2.457 GHz 5 MHz 2.446-2.468 GHz | 6-9,11-13
11 2.462 GHz 5 MHz 2.451-2.473 GHz | 7-10,12-13
12 2.467 GHz 5 MHz 2.456-2.478 GHz | 8-11,13-14
13 2.472 GHz 5 MHz 2.461-2.483GHz |9-12,14
14 2.484 GHz 12 MHz 2.473-2.495GHz | 12-13
5 6 4 9 10 11 12 13

8
2437 2442 2447

2452 2457 2462 2467 2472

DATA COMMUNICATIONS

14  Channel
2.484 Center Frequency

22 MHz
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DATA COMMUNICATIONS

» 802.11b

11. Kanal ..... 2462 MHz

'a
\

A GO AR M

2473 — 2451 = 22MHz Sitka kanalu
(méfeni je orientacni, nemdam referenéni hodnoty)
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» 802.11g (Jaht, Trendnet,... dual a+b)

6. Kandal ..... 2437 MHz

2447 — 2426 = 21MHz Sitka kanalu
(méreni je orientacni, nemam referencni hodnoty)

Toto zafizeni ma ostré spektrum, jiné mérené mélo zakulacengjsi.
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DCom

DATA COMMUNICATIONS

» 802.11g turbo (Jaht, Trendnet,... dual a+b)

6. Kandl ..... 2437 MHz

:

2455 — 2415 = 40MHz Sifka kandlu
(méreni je orientacni, nemdam referencni hodnoty)
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DATA COMMUNICATIONS
» 802.11n 2G4 EDIMAX BR-6225n  / ~"7’

)

V]
3. Kanal 20MHz ..... 2422 MHz / 3. Kanal 40MHz ..... 2422 MHz

Rozdilna sila signdlu je z dGvodu nestejnych podminek pfi méreni (méli by byt stejné)

PFi 40MHz je patrné Ze k 3. kanalu se pouzil i 7. kanal,
ten je vyuzivan pro informace nutné k prenosu, 3. kanal pouze data
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DCom

DATA COMMUNICATIONS
» 802.11a (Jaht, Trendnet,... dual a+b)
Kanal fMhz EIRP
36 5180 200mw
40 5200 200mw
*42 5210 200mw
a4 5220 200mw
48 5240 200mw
S
8 *50 5250 200mw
'8 52 5260 200mw
= 56 5280 200mw
*58 5290 200mw
60 5300 200mw
! 64 5320 200mw
149 5745 1000mw
*152 5760 1000mw
S
8 153 5765 1000mw
E 157 5785 4000mw
-] *160 5800 4000mw
(@)
161 5805 4000mw
165 5825 4000mw
*
DMK 30Kz turbo
-— 20MHz 20MHz
A D
5150 5180 5200 22 5240 5260 5280 5300 530 5350 575 5745 5765 5785 s805 825
Lower BndExge Uppe 1 Band Eage Lower BndExge Uppe 1 Band Edge
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SPEKTRUM

» 802.11n 5G6 RB711

sl Wiekess | DataRites | Advanced | HT .|
ot T ¢ |
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Frequency. [5300. '”'3"3‘| MHz
SoID: [test G
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DFS Mode: |nore il N 3]
Proprietary Extensions @r;;i;za ) fi ” 3
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TDMA Period Size: |2 | ms
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SPEKTRUM

> 802.11n 5G6 s rozSifrenim o kanal vedle RB711

DATA COMMUNICATIONS

Thode: R E]

orighl &
|
s
TR
e —— |

Country: | c2

Artenna Garc |0 i)

DFSMode: [none
Proprietary Extensions: [p::-s_l-Zgiff

WM Support | disabled

“T T Chans: (v U]
HT Rs Chains: [v] 0

HT AMSDU Limit: 8192 |
HT AMSDU Threshold: [8132 E]

. HT Guard Interval lany “;I

HT Estension Channel: | below control ][ﬂ
— HT AMPDU Priorities
0 {11 [12 [13
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» 802.11a 5G6 turbo R52

v
bo

e i
Band: |5GHztu

551D: [TEST |-
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» 802.11a 5G6 5MHz kanal R52

Intermodulace pfi max. vykonu na karté

DATA COMMUNICATIONS

Band:
Frequency: 15210 |l_$_| MHz |
SSID: {TEST | &
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DATA COMMUNICATIONS

» 802.11a 5G6 10MHz kanal R52
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