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CHAPTER 2
ULl Sl

Data Transmission

+¢* Data Transmission.

+¢* Data Channel Characteristics.

** Digital Data/Analog channel.

7/ . . . . - - .

*¢ Digital Data/Digital Signal: Line coding.

+%* Data Exchanging.
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Data transmission

Transmission Modes Jax! bolasi %

Transmission Modes According to Data flow < Ldaall (4L, lag Jaddl Lolasl >
Simplex transmission =
Half-duplex transmission =
Full-duplex transmission &

Transmission Modes According to Type of jLall (hagll 7350 L.d Jadl Lol >

physical connection

Parallel Mode =
Serial Mode =

Transmission Modes According to the 4o3=l (o ,e oildlgl las Jad) Llasi >
bandwidth requirements

Baseband transmission &

Broadband transmission &
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Transmission Modes According to Data flow

Simplex Transmission **
p

Lad oy bl culdaall Jluy) @ »

ouShall slws¥l 8 Jly) ol azse ¥ 2

138 usly Jluy) 5L8 Cllaz, >

Ssalilly (#1391 Sl  Ladl G 21, Bt Jlia >

Simplex S
Only one direction Data
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Transmission Modes According to Data flow

. . )
Half-Duplex Transmission %*

Alasdl (oo BiKe (wSTall slas¥l § Jluodl sl Lia >
Lol BN (pars add aslg olamsl 3 Jluogdl o oS3 2
Laad susly Jluy) 3L8 bz, »
UL Aetlae lagdas:Jlie »

.HalftDupIex = Data
Either direction, but - -

only one way at a time >
< Data

1%
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Transmission Modes According to Data flow

Full-Duplex Transmission o
(cdsll uans) amly 0T @ crales¥ly laall Jlay| o Lia >

Jlas! il aglaall Cillazs >
gsl-ciganls ¥ Las! : Jle P

Full-Duplex = Data
Both direction, at the Z No
same time time —Z delay
Data <
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Muxing, inverse muxing, duplexing
inverse

multiplexing multiplexing

data physical data physical
streams line stream lines
Duplexing = 2 data streams in 2 directions on 1 physical line
Multiplexing = N data streams in 1 direction on 1 physical line

Inverse multiplexing =1 data stream in 1 direction on N physical lines
duplexing

—
PP
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According to Type of physical connection

Parallel Transmission Mode **
Sladl oo 28 § bl Jas (Say P

gmolzdl 51 bl Jas b »
Distance limiting 46Lull 259,20 Reliability 48s3s]! 1S i »

One word at a time
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Transmitter
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According to Type of physical connection

. . . )
Serial Transmission Mode *%*

ool @ asly el 33058 Lia bl Jas @3y >

golzdl 75l o bledl Jas b 2
Asynchronous and :pe 3l (e deiall MMl o olegd d g

Synchronous Transmission

-1- One bit at a -1-

. oL = time = (o]

£ 1, 85 - e

= 0 = 10100011 s £ |0 >
A > +~ © L [~ D

2 (0Ll == e = 0| &

E [or|=25 =5 oL &

= b = < | 02
> © <5} >
| 1| o n 1 1|
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Types of serial transmission
' Asynchronous Transmission X
start-stop Laul (£uy 529 cplaziadl @ bewly AST Lolie dlazey Los By St @ Jlal e cazny >
cdg 6l @ Bylell o3 oo (Say Jlugdll 8321 o ll3g transmission
s el T (e cByme (S BLalls Bl sy alaiial @ing ¢ Jatus (S 8o S Sl oy >
Lladl ey Bueluney Jediad! gt (0ol Joe Gadoes
1S Ll g 1 0555 i sl iy ] b o iyl n il Jis s >
(Lledly aladt clwy) el AN laglas
Sl S 2l 3 clocks dslia/dae bl Aielie Judtad] dpay of o Say >

Additional Synchronization bits

0 EiorniE Eiborel @

Channel is idle

Transmitter
Receiver
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According to Type of physical connection
Synchronous Transmission o
bl IS0 de ol dle Jas e Bylic g2 &
JST 3y imdie Las e L] ot @01 bl alasals baadll 1 3 Jedizally Juoyl oli >
SBled! e AsS
Ysado Izl 058 Lotie iy Bale of (ol Jado iy >
4 Lad) ALl &lae Y37 @Soms il g L >
Julbs Sldaall po ol Sl Slashas Jluos) Asyn Al § ol callay oot lall o Gyl >
bs ausiug 98 Syn Ul § Loy oyl wlias ae dilias ool ol A Budoes Jrdiud| audaiun
Leludl Glags aleglas Jlusd Jatuwe oliag

Data Channel
L[1]o[1][1]o]o[1][0]0]1] 0o o [1][0]1]0]1]0]1]O]O[1]

Transmitter
Receiver

Additional Synchronization Channel
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Data Channel Characteristics &ldasll 3LS jaibas

A JailasIl oldaall 3L8 Cames
capacity Zaull %
available bandwidth LSl A3l (o e %*
transmission rate JLu¥| Juas %*
signal to noise ratio (SNR) gezesadl J) 8,La¥1 2ewi %
error probability Uas! Jlezs| %*

efficiency aJlasll X
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cldaall 33 Lailas

bits per sec (bps) 4 wlasg « a3l Bty IM5 aLmJl BT NY éda_dl ULl Juae BLEN daw
Uoslae Gidle bghsll de Jaudl ¥ ual sgu> ayjH Nqustdl.m.a_‘l 243511924 ale die
Sdome Aoy o ye Ll “memis o’ d.JLmaLmJ@Ia.c}'ld.a.;ﬂ Juiae e el
Nyquist's formula: The channel is noise free
* C=Bits per second

* W =Bandwidth in Hertz C - M |0g2 M

® M= Number of encoding levels in the signal

4l L8 dl> e Lases Nyquist Lel| Juags (&I milud! Claud Channon ek <1948 ale 3
Shannon formula: The noise level of the channel is known

¢« S= signal power in watts

+ N=Thermal noise in watts C — M Iog2 (1+ S / N)

e W=Bandwidth in Hertz
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cldaall 3US asbas
bps per hertz 3 Laa=s eiy (Gl «C/W &y (wlasg 08 ) Sl Efficiency adlasll ©
By Ll a5 Ae pug 10,1 Adylo Leas clale (e ey Byma Jaid o DU (a3l )
The 2ol § 8,y 2ayd Lpd saws @) 2Ll sue :Baud rate (Modulation rate) v

circuit- 5|gna||ng rate, which is the number of times per second that the signal on the
circuit changes, in amplitude, frequency or phase (Baud) .

» Circuit speed (Data signaling rate): The number of bits the circuit can carry in one

second (bps).

» Bit Error Rate (BER): The probability of error for example 2.10°®
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Data Transmission Channels

/v\/\/ Analog channel \ /VMNU\J\/\W

A/\/\/ Digital channel \
U_H_I—,_U_HL D|g|ta| channel \ —I_I_l_l_l—l_l_l_l_lr
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Analog Transmission of Digital Data
Digital
Signal

Analog

Modem Signal

= A modem receives digital data and converts to an analog form
for transmission over a media and vice versa. Modem is a
shortened form of MOdulator-DEModulator.

Analog
Digital Signal
Signal

L
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Digital Transmission of Analog Data

* In order to transmit analog data, it must first be converted into a digital form. These processes are
called sampling and encoding. Sampling involves two steps:

v Sample the analog data: by sampling at more than twice the frequency of any

component of the analog signal.
v Quantized the sample: for each sample value, approximate this by some digital number.

v The process sampling and quantizing analog signals is known as pulse amplitude
modulation (PAM).
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Sampling

Analog Signal Sampled Signal

V2 i}
Sampling Signal
LI rgde

The sample interval must be chosen to be short enough that the signal does not change greatly between
measurements.

The sampling rate (Nyquist frequency) is the inverse of the sample interval.
The sampling rate should be greater than twice the highest frequency component of the signal, which is being sampled.

If you sample at a lower rate, you run the risk of missing some information, known as aliasing.
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Encoding
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A/D and D/A
a8 Analog-ro-digital conversion (A/D): An analog signal is sampled at the
sampling frequency and the sample values are then represented as numerical
values by the encoder.
@Dig/’[a/-ro—ana/og conversion (D/A): The decoder receives numerical values of
the samples that indicate the values of the analog signal at sampling instants. The
sample pulses that have amplitudes corresponding to the values of the original
signal at sampling instants are reconstructed to produce an analog signal close to
Qoriginal one. J
20
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Digital Data/Analog channel (Analog Signal)
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Digital Data/Analog channel (Analog Signal)

Carrier Jolo! 8yLa] muls cdyaT ol 55,5 51l3 8 yatue 5yl g ALl 3,LaY1 (ulaod o)) 2
Signal
200 ol sslally 53,1 (JUall :Jolell DN olgiddl gais] Jatats Auad Nl bl 0,5 ok
Lstaiy las olgs Buc
 Hady bl A Las/Adtas 8yl Jaoan) Apwluddl 28 JISY >

ASK: Amplitude Shift Keying aall 215334 Jlasyl v/

PSK: Phase Shift Keying ,slall 2> 1530 Jlasyl v/

FSK: Frequency Shift Keying 453,01 41330 Jlasy| 4
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ASK: Amplitude Shift Keying dJUall 2380 JLasY!

Jaloedl 33l (palisen clllacy cnaslit)) oiagall Jubes oy Lia >
Aq cosWt Lz Bl) e T 32 abaie (1) Jolay >
Ao =0  OsSSLLILA, cosWt Zuws 5Ll gafe 52 ilaie (0) bl >
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PSK: Phase Shift Keying &,slall 4340 JLad%|
Ll Jatedd Jaloedl L) s9lo 4 15) ot Lia >
180° 5l aias (uSallis /07 J1/1/ oo 30,01 iy Lo Jaloeld ilai¥) pslall sasy >
1 0 0 1 0 1 1 1 1 0
180° luday yekal! 3 Mas!
24
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FSK: Frequency Shift Keying sl 41530 JLasy!

ool 33,5 58 cralisen (asss (aslidl] (niesdl] Jutes oz a2
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Digital Data/Digital Signal: Line coding
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Digital Data/Digital Signal: Line coding

Leady 5yli) J) bl ldaall Jogs Alae 2

s el ok sue Jla P
Non-Return-To-Zero (NRZ) Lamll J) 335all auc a5 ¥V
Return-To-Zero (RZ) ,inll J 5352l jrays ¥/
Biphase Encoding sslall Lt sl v/

27 https://manara.edu.sy/

%\

Non-Return-To-Zero (NRZ) yiwall J| 85gall aue a5

| 88 M ol 0lisSas Cndlies a st [0/ 5/1/ 3 e e iy >

oadsill ezl Sorua 3 8,La Jus Leaw o/ 1/ e Jus el 88 I el Jle (S97ua 8,LA) 929 >
/0/ 3 e

llatll das> oye e ol lin Ladley >

Sbsiad En1 gl L a5 Mo (Glisal of clasly J5) Aeladll lidl e S sue 3959 die ST 2

JWly dmimim 8, LAY Ae i i 0pal35 O 13] Lod 48 5all Jlanudl dlazs e daio Ll Lo ldag el
Sldl sue (oMseiwl
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Return-To-Zero (RZ) jasall J| 559l ey
onims J) el 806 st oy i >

) St 33209 /1/ Lasdy Sl (105 o0 Liaiill 88 i Jted IS (30 /1/ ) n 0l 1 Jiag i >
Sl Camill 548 IS /0/ J)

el i IS L 8508 6T lidy /0/ ) s oy Lo
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Biphase Coding ,gkall il 7e Al

Manchester s (suds >
ool Sleglas oot oy 548 IS I Jlandl on b >

<l 548 Capatin § high-to-low use-dI-dle oo izl Gsiun Jlanl U o0 /1/ ) Jidkes oy >

il 88 Caatin 9 low-to-high Jle-)-idie (oo dzd! Soiane JLanil JMS e /0711 Jites ot LS 2
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General Classification of Line Coding: Example

A1 1 0 1
+V
RZ t
0 >
+V
NRZ t
0 '
+V
0 >
biphase
-V '
0 T 2T 3T 4T

Non-Return-To-Zero (NRZ), Return-To-Zero (RZ), Biphase Encoding
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Signaling Techniques &l &luas

) ) s (Ko ol il mi @Il azdl 23505 e dataly >
Polar Signaling duhagwudl olyLa! aluserul v
UniPolar Signaling &udaa!l dyalsi el LaY! alasei v

Bipolar Signaling dcdaall 45L8 ol Lay! o)zt v
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Signaling Techniques &l & las

Polar Signaling ddadiud! ol )Li¥ | alaseiw! X

CriL] L 00585 (6 +p(t) 85LaYL 1 50,01 Jions —p(t) 85L3L /0/ 50,01 Jios Lia >
{(p(),-p(0)} Lazs

Unipolar Signaling dedadll &alsi ol,LaY! PYNES X

PO 5Ll 1 50,01 Jtasy (w3529 poke) BLaY 1 lids /0/ 5,01 iy Lia
Bipolar Signaling audadll 46l o )La¥| alaseiw! X

LAY ool 1 50,01 Jrasy (agz 3529 acke) 3LV lisy 0/ 5,01 iy Lia 2
{p(), 0,-p()} =hLa) 3 Lud JWlby -p(t)9 +p(0)
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Signaling Techniques sl &laas

+V‘\10110001110
| | | Unipolar

+V
Polar

-V

+V
Bipolar

-V

0 T 2T 3T 4T 5T 6T 7T 8T 9T 10T 11T'
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Types of Line Codes

Unipolar Nonreturn-to-zero-Level (Unipolar NRZ-L) X
PO 5L 1 50,0 Jrasy (e 3529 poke) LAY iliay 0/ 5ol oy Lia >
Unipolar Return-to-zero (Unipolar-RZ) X
)l Ssann 33229/ sy ol 505 (o0 sl 5508 igms Juties 5 0 /1/ 301 s Lia 5>
S camill 328 M5 /0/
el oy INS Bz 8588 (ol oliay /0711 Jited oty Loy 2
Unipolar Nonreturn-to-zero-Inverted (Unipolar NRZ-1) <

8ydzy /0/ 34, Jiass O 9 p(t) (transition between levels) cns, L) cny cagbally 1 50,31 Jiay Lia >
i3 093 1 o) 31050 4SS (T (lack of transition) Jlaxl

Polar NRZ **
P0) L0 1 30,01 Jtasy —p(0) 85La¥L /0/ )01 iy Lia 5
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Types of Line Codes

Bipolar AMI (Multilevel Binary) **
e -p0) 5 +p(D) Ll oolially 1 50,01 Jiasg (A 3529 pute) 5,LaNT Llias /0/ 50,01 Jiog Lia 5
) s 0 R 58 i
Manchester **
high- aze-Jl-Jle ¢ sad) Goitun JLassl IS ¢pa /1/0) Jiias 2 ol &> «Biphase )5 sa9 >
<ol 88 Caatin § to-low
BA Cayatin § low-to-high Jle-JI-Giaxe o szl (S JLassl IS (0 /0/ 1) Jitas oty LS >
n
Differential Manchester **
9 (obdl Jies &) low-to-high Jle-I- Giuss ¢re izl Gorue Jlaxl: cugbiadl 1 50,01 oy Lia >
ol 548 iatio § 3 high-to-low iuie-]-dle (o izl giuna Jlass!

Lked o1 /1/ cd) ne 0 2elidin 095G Lia S (lack of transition) JLax¥| 8 sz /0/ 50,1 Jtesg >

Shielded Twisted Pair (STP) alusiuly IEEE 802.5 token ring LAN 484t (ainses eyl 1ia >
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Types of Line Codes
L1 (0] 1 1 (0] o O- i 1_. 1 1 (0]
+v ] Unipolar
NRZ-L
+V_| _I _| _| _| Unipolar
RZ
+V Unipolar
NRZ-1
v Polar
NRZ
-v
+V
] Bipolar
(AMI)
-v
VI ] 1 7] ][] Manchester
4 L - L |_
i ] 1 [] ,_ ] Differential
_‘ M™Manchester
N/ e L L L L — -
O T 2T 3T 4T 5T 6T 7T 8T 9T 10T 11T
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Some Intermediate Encoding Techniques
* 4B/5BEncoding

4-bit 5-bit  4-bit 5-bit  4-bit 5-bit  4-bit 5-bit

Nibble Code Nibble Code Nibble Code Nibble Code
0000 11110 0100 | 01010 | 1000 10010 1100 11010

0001 | 01001 | 0101 | 01011 | 1001 | 10011 | 1101 | 11011
0010 | 10100 | 0110 | 01110 | 1010 | 10110 | 1110 | 11100
0011 | 10101 | 0111 | 01111 | 1011 | 10111 1111 | 11101
Data stream: 0111010000100000
4B/5B stream: 01111010101010011110

5B/6B Encoding
8B10B Encoding
8B/6T Encoding
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tssllally 10 0 110 1 1:JL ju Ul Lipd oS

Return-to-Zero (RZ) jasaldl I 53gall 10,5 4yl o 00,01 IS @yl
Non-Return-to-Zero (NRZ) yasall J) 8392l ave 70,5 4as)b cous pa il JSCh eyl
Biphase Encoding jshall L el das,b s ol 54 eyl @
e ByLAY1 S sy 08 sl B)La) (e Bylee 9o oAl a o SLiaels®

.Polar Signaling a4 aatud) ol La¥ 444, ‘a|.\.’7_1“\\/

Bipolar Signaling &, daall 2505 ol,Lay) 44,1 ﬁ‘.\m“/
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