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3K\VLFDO#/D\HU

Transmission Media
Bandwidth and Capacity
Data Encoding
Multiplexing

7UDQVPLVVLRQ#0HGLD
� 7KH#WUDQVPLVVLRQ#PHGLXP#LV#WKH#
SK\VLFDO#SDWK#EHWZHHQ#WUDQVPLWWHU#DQG#
UHFHLYHU#LQ#D#GDWD#WUDQVPLVVLRQ#V\VWHP1

Transmission 
Media

Unguided Media
(transmission 
through air)

Guided Media

Multipoint
(>2 devices share 

medium)

Point-to-point
(direct l ink 
between 2 
devices)
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7UDQVPLVVLRQ#0HGLD

� 7UDQVPLVVLRQ#0HGLXP#FDQ#EH=#

� 6LPSOH[
� 7UDQVPLVVLRQ#LQ#RQH#GLUHFWLRQ#RQO\1

� +DOI0GXSOH[
� 7UDQVPLVVLRQ#LQ#ERWK#GLUHFWLRQV>#EXW#QRW#DW#WKH#VDPH#
WLPH1

� )XOO0GXSOH[#+GXSOH[,
� 6LPXOWDQHRXV#WUDQVPLVVLRQ#LQ#ERWK#GLUHFWLRQV1
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7ZLVWHG#3DLU
� 7ZR#LQVXODWHG#ZLUHV#DUH#WZLVWHG#DURXQG#HDFK#
RWKHU/#DQG#FRPELQHG#ZLWK#RWKHUV#LQWR#D#FDEOH

� 8VHG#WR#FRQQHFW#WHOHSKRQH#VXEVFULEHUV#WR#
VZLWFKLQJ#FHQWHUV#DQG#IRU#ZLULQJ#ORFDO#DUHD#
QHWZRUNV#

� 'LIIHUHQW#TXDOLWLHV=
� 7ZR#SRSXODU#YDULHWLHV=#

� &DWHJRU\#6=#43#0ESV
� &DWHJRU\#8=##433#0ESV
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&RD[LDO#&DEOH
� /LNH#WZLVWHG#SDLU#D#FRD[LDO#FDEOH#+³FRD[´,#KDV#WZR#
FRQGXFWRUV#WKDW#DUH#VKLHOGHG

� 8VHG#IRU#GLJLWDO#WUDQVPLVVLRQV#LQ#ORFDO#DUHD#
QHWZRUNV#+H1J1/#(WKHUQHW,##DQG#DQDORJ#DQDORJ#
WUDQVPLVVLRQV#IRU#FDEOH#WHOHYLVLRQ

� &RD[##XVHG#IRU#&DEOH#79#VXSSRUWV#D#VSHFWUXP#RI#
83#0 :83#0K]
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2SWLFDO#)LEHU
� 2SWLFDO#ILEHU#LV#D#WKLQ/#IOH[LEOH#PHGLXP#FDSDEOH#RI#
FRQGXFWLQJ#DQ#RSWLFDO#UD\1

� )LEHU#LV#EXLOW#RI#YDULRXV#JODVVHV#RU#SODVWLFV1
� 9HU\#KLJK#EDQGZLGWK#+PRUH#WKDQ#43 *ESV,1
� 8VHG#IRU#ORQJ0GLVWDQFH#WUXQNV/#ORFDO#DUHD#QHWZRUNV/#
KLJK0VSHHG#WUDQVPLVVLRQV1

� ,QKHUHQWO\#XQLGLUHFWLRQDO1
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� 0XOWLPRGH#)LEHU=
� 5D\V#PD\#WDNH#GLIIHUHQW#
SDWKV#+4330ESV/#5NP,

� 6LQJOH#0RGH#)LEHU=
� %\#UHGXFLQJ#WKH#UDGLXV#
RI#WKH#ILEHU#FRUH#WR#WKH#
RUGHU#RI#WKH#ZDYHOHQJWK/#
RQO\#WKH#D[LDO#UD\#FDQ#SDVV1

� 6LQJOH#0RGH#ILEHU#KDV#VXSHULRU#SHUIRUPDQFH#
EXW#LV#PRUH#H[SHQVLYH#+517*ESV/#73NP,#

7\SHV#RI#2SWLFDO#)LEHU
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/HDVHG#/LQHV

� 74=#41877#0ESV#+57#YRLFH#FLUFXLWV/#97.ESV#HDFK,
� 76=#771:#0ESV
� 2&04=#841;#0ESV
� 2&06=#488158#0ESV
� 2&045=#9551#0ESV
� 2&057=#41577#*ESV
� 2&07;=#517#*ESV
� 2&04<5=#43#*ESV
7 '6/#2& 676
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/DVW#0LOH#/LQNV

� 3276= 5;1;089.ESV
� 3ODLQ#2OG#7HOHSKRQH#6HUYLFH#

� ,6'1= 97045;.ESV
� ,QWHJUDWHG#6HUYLFHV#'LJLWDO#1HWZRUN

� ['6/= XS#WR#88150ESV
� 'LJLWDO#6XEVFULEHU#/LQH
� $'6/=#$V\PPHWULF#'6/#+XS#WR#;17#0ESV/#<333IW,
� 9'6/=#9HU\#KLJK#GDWD#UDWH#'6/#+XS#WR#8815#0ESV,

� &DEOH#79= XS#WR#730ESV

:LUHOHVV
� $036#+$GYDQFHG#0RELOH#3KRQH#6\VWHP,

� 2OGHU#DQDORJ#WHFKQRORJ\

� 3&6#+3HUVRQDO#&RPPXQLFDWLRQ#6HUYLFHV,
� 'LJLWDO=#WKH#FOHDU#DOWHUQDWLYH#WR#FHOOXODU#-1

� *06#+*OREDO#0RELOH#6\VWHP,
� 'LJLWDO#VWDQGDUG#LQ#WKH#UHVW#RI#WKH#ZRUOG

� 8VH#D#JULG#RI#WRZHUV#WR#WUDQVPLW#VLJQDOV
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7RGD\¶V#&HOOXODU#,QIUDVWUXFWXUH

*OREDO#6DWHOOLWH#1HWZRUNV
� ,&2#+43#VDWHOOLWHV,
� *ORJDOVWDU#+7;#VDWHOOLWHV,
� ,UGLXP#+99#VDWHOOLWHV,
� 7HOHGHVLF#+5;;#VDWHOOLWHV,

,ULGLXP#&RYHUDJH

0DLQ#DWWUDFWLRQ=#3URYLGLQJ#VDWHOOLWH#SKRQH#
VHUYLFH#FRYHUDJH#LQ#DUHDV#RI#WKH#ZRUOG#
ZKHUH#FHOOXODU23&6#LV#QRW#DYDLODEOH/#H1J1/#
WKH#RFHDQ#DUHDV/#SROHV/#HWF1

$UH#\RX#5($//<#WKH#287'2256#W\SH"#
KWWS=22RXWILWWHUVDWHOOLWH1FRP2
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%OXHWRRWK#± *RRGE\H#WR#FDEOHV$
� $#ZLUHOHVV#VWDQGDUG#GHVLJQHG#IRU#VKRUW#GLVWDQFH#
FRPPXQLFDWLRQ#+:3$1V,

� 'HYHORSHG#E\#(ULFVVRQ/#1RNLD/#,%0/#7RVKLED/#DQG#
,QWHO

� 2SHUDWHV#LQ#WKH#5178#*+]#IUHTXHQF\#EDQG
� ,V#HQYLVLRQHG#WR#HOLPLQDWH#ZLUHV#LQ#WKH#RIILFH
� &RQQHFWV#3'$V/#6*#SKRQHV/#ODSWRSV/#SURMHFWRUV/#
SULQWHUV/#ZRUNVWDWLRQV/#KRPH#DSSOLDQFHV/#«##

%OXHWRRWK#YHUVXV#:LUHOHVV#/$1#
;35144#+:L0)L#7HFKQRORJ\,

� %OXHWRRWK#LQLWLDO#VDOHV#SLWFK#+\HDU#5333,=#1R#
FDEOHV$$

� %OXHWRRWK#VDOHV#SLWFK#WRGD\=#1DWLYH#DG#KRF#
FRQQHFWLYLW\$$

� 7HFKQLFDO#FRPSDULVRQ=
� %OXHWRRWK#LV#FKHDSHU/#VKRUWHU#UDQJH/#VPDOOHU#
EDQGZLGWK1

� %RWK#VXSSRUW#ZLUHOHVV#DG#KRF#FRQQHFWLYLW\
� :KR#ZLOO#SUHYDLO"#-RLQ#WKH#GHEDWH«

� KWWS=22ZZZ1FH0PDJ1FRP2DUFKLYH2342382ODQVIRUG1KWPO
� KWWS=22ZZZ1PRELOHLQIR1FRP21HZVB53362,VVXH532)RUUHVWHUB:L)L%OXHWRRWK1KWP
� KWWS=22ZZZ1PRELOHLQIR1FRP2%OXHWRRWK2%OXHWRRWK0YV0:/$11KWP
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%OXHWRRWK#*DGJHWV

+HDGVHWV *36

%OXHWRRWK#SULQWHU#PRGXOH

3'$#$GDSWHU

%OXHWRRWK#SKRQHV

:L0)L#*DGJHWV

$,%2#WDONV#;35144
:LUHOHVV#FDPHUD

$FFHVV#3RLQW

/DSWRS#DGDSWHU

7DEOHW#3&V



9

3URMHFW#,GHD
� %XLOGLQJ#GDWD#VHUYLFHV#LQ#DQ#DG#KRF#ZLUHOHVV#
QHWZRUN
� $Q#DG#KRF#ZLUHOHVV#QHWZRUN#LV#IRUPHG#RI#DOO#
GHYLFHV#RQ#FXVWRPHUV#LQ#D#PDOO/#SDUN/#FOXE/#
FRIIHH#VKRS/#RU#DLUSRUW1

� 1HWZRUN#VXSSRUWV#D#VSHFLILF#VHUYLFH#+H1J1/#
GLUHFWRU\/#VKRSSLQJ/#VRFLDO/#«,

� ,PSOHPHQWDWLRQ#RQ#ODSWRSV#+PXVW#KDYH#\RXU#
RZQ,1#:LUHOHVV#QHWZRUN#FDUGV#ZLOO#EH#SURYLGHG

%DVLF#)RXQGDWLRQV
� :KDW#LV#D#VLJQDO"
� :KDW#LV#FKDQQHO#EDQGZLGWK"
� :KDW#LV#FKDQQHO#FDSDFLW\"
� +RZ#LV#FDSDFLW\#UHODWHG#WR#QRLVH"
� &DQ#DQDORJ#GDWD#EH#VDPSOHG"
� +RZ#LV#GDWD#HQFRGHG#RQ#WKH#OLQN"
� :KDW#LV#PXOWLSOH[LQJ"
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6LJQDOV
� 6LJQDOV/#HOHFWURPDJQHWLF#RU#RSWLFDO/#DUH#XVHG#
WR#WUDQVPLW#GDWD1
� 6LJQDO#IUHTXHQF\
� 6LJQDO#ZDYHOHQJWK

� $#VLJQDO#FDQ#EH#YLHZHG#DV#D#IXQFWLRQ#RI#WLPH#
+WLPH0GRPDLQ,#RU#D#IXQFWLRQ#RI#LWV#IUHTXHQFLHV#
+IUHTXHQF\0GRPDLQ,

� 6LJQDOV=
� &RQWLQXRXV#+$QDORJ,
� 'LVFUHWH#+'LJLWDO,
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� *HQHULF#VLQH#ZDYH#LV=
$PSOLWXGH#$= 3HDN#YDOXH#RI#D#VLJQDO#DW#DQ\#WLPH
)UHTXHQF\#I= ,QYHUVH#RI#WKH#SHULRG#
3KDVH#Φ= 5HODWLYH#SRVLWLRQ#ZLWKLQ#D#VLJQDO#SHULRG

)2sin()( φπ +⋅= ftAts

6LQH#:DYHV

1.00

0 ΠΠΠΠ 2Π2Π2Π2Π 3Π3Π3Π3Π

A

1 / f
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Φ
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6LJQDOV#LQ#WKH#)UHTXHQF\#
'RPDLQ
� 7KH#WLPH0GRPDLQ#YLHZ#UHSUHVHQWV#WKH#
DPSOLWXGH#RI#WKH#VLJQDO#DV#D#IXQFWLRQ#V+W,#RI#
WLPH

� ,Q#D#VLPLODU#ZD\/#RQH#FDQ#UHSUHVHQW#D#VLJQDO#
LQ#WHUPV#RI#D#IUHTXHQF\0GRPDLQ#IXQFWLRQ#6+I,

Time

Time

Frequency

Frequency
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6LJQDOV
� 7KH#SORW#IRU#WKH#VLJQDO#LQ#WKH#WLPH#GRPDLQ#
V+W,# #VLQ+5#π I#W,#.#427#VLQ+5#π +43I#,#W,#
ORRNV#OLNH#WKLV=

Frequency

f 10 f

time
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� 8VLQJ#)RXULHU#$QDO\VLV#DQ\#VLJQDO#FDQ#EH#
UHSUHVHQWHG#E\#D#QXPEHU#RI#VLQH#ZDYHV

� $Q\#SHULRGLF#VLJQDO#FDQ#EH#H[SUHVVHG#DV#VXP#
RI#VLQH#ZDYHV=

∑ ⋅⋅⋅⋅=
j

jj tfAts )2cos()( π

0 0 . 5 1 1 . 5 2 2 . 5 3 3 . 5 4 4 . 5 5
- 1

- 0 . 8

- 0 . 6

- 0 . 4

- 0 . 2

0

0 . 2

0 . 4

0 . 6

0 . 8

1

)RXULHU#$QDO\VLV
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%DQGZLGWK#DQG#&DSDFLW\#
6SHFWUXP 5DQJH#RI#IUHTXHQFLHV#RI#D#VLJQDO#

>IPLQ/ IPD[@
%DQGZLGWK :LGWK#RI#WKH#VSHFWUXP#+IPD[#0 IPLQ,

+PHDVXUHG#LQ#+],
&DSDFLW\ 5DWH#DW#ZKLFK#GDWD#FDQ#EH#WUDQVPLWWHG#

+PHDVXUHG#LQ#ELWV#SHU#VHFRQGV/#ESV,
1RLVH 5DQGRP#QRLVH#ZKLFK#GLVWRUWV#D#VLJQDO#

+PHDVXUHG#DV#UDWLR#RI#VLJQDO#SRZHU#WR#
QRLVH#SRZHU/#XQLWV#DUH#GHFLEHOV#+G%,

� 6LJQDO0WR01RLVH#5DWLR
� 6=#6LJQDO#3RZHU1#1=#1RLVH#3RZHU
� VLJQDO0WR0QRLVH#UDWLR#+GE,# #43#ORJ#43 621#&RS\ULJKW#E\#-RUJ#/LHEHHUU <;/<<
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Original Signal
3

2

1

� 6DPSOLQJ#7KHRUHP#+E\ 1\TXLVW,=
,I#D#VLJQDO#I+W,#LV#VDPSOHG#DW#UHJXODU#LQWHUYDOV#RI#WLPH#DQG#
DW#D#UDWH#KLJKHU#WKDQ#WZLFH#WKH#KLJKHVW#VLJQLILFDQW#VLJQDO#
IUHTXHQF\/#WKHQ#WKH#VDPSOHV#FRQWDLQ#DOO#WKH#LQIRUPDWLRQ#RI#
WKH#RULJLQDO#VLJQDO1#7KH#IXQFWLRQ#I+W,#PD\#EH#UHFRQVWUXFWHG#
IURP#WKHVH#VDPSOHV#E\#WKH#XVH#RI#D#ORZ#SDVV#ILOWHU1

6DPSOLQJ#7KHRUHP
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%DQGZLGWK#DQG#&DSDFLW\
� &DSDFLW\#RI#D#QRLVHOHVV#FKDQQHO#++1#1\TXLVW/#
4<57,

� +=#EDQGZLGWK>#
� 9=#QXPEHU#RI#GLVFUHWH#OHYHOV#RI#D#VLJQDO>#
� &=#&DSDFLW\

&# #5#+#ORJ#5 9######ESV

� &DSDFLW\#RI#D#QRLV\#FKDQQHO=#+&1#6KDQQRQ/#
4<7;,

� +=#EDQGZLGWK
� 621=#VLJQDO0WR0QRLVH#UDWLR

&# #+#ORJ#5 +4#.#621,#ESV
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