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Data Transmission
Pyl Byslall e 2L

+* Data Transmission.

+* Data Channel Characteristics.

** Digital Data/Analog channel.

.0’ . e . e - . .

% Digital Data/Digital Signal: Line coding.

+%* Data Exchanging.
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Data transmission

Transmission Modes Jaul oLl %5

Transmission Modes According to Data flow <ldaall oli,=! lag Jadl Llai»
Simplex transmission =
Half-duplex transmission =
Full-duplex transmission &

Transmission Modes According to Type of JLyall Juagll 73503 G Jad! Llal >

physical connection

Parallel Mode =
Serial Mode =

Transmission Modes According to the dsjl (e cldlazt lag Jaul Lilai>
bandwidth requirements

Baseband transmission &

Broadband transmission &
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Transmission Modes According to Data flow

. . . R/
Slmplex Transmission *%*

Lass usly olaesly cldaall Jlay) oz »

oSl slmi¥l @ Jly) gl azse ¥ >

1had susly Jlay) 33 cdlazy >

Sseralilly £13% Syl JLad) § 2l 53T le >

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

. . )
Half-Duplex Transmission *%*

Allasll s Gl (Sl oles¥ § Jlaop! A5l Lia >
Lol 58l (s add uslg sl & JlusY! @iy oS3 2
Laas susly Jla) 3L3 cllagy »

ULl dsdlae laadas: 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
(sl udi) sty OF § cnales¥l clbaall Jlay) o2 La >

Jlasl Gild 2ulaall Cillazs >
rgsl-ciganl> ¥ lasl  Jlie 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 **
Slidl oo AS § bl Jas (Sey »

golzdl J s bled! Jas:Jlee >
Distance limiting 3Ll 4gamss Reliability 48sis]l xS in »

One word at a time
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According to Type of physical connection

Serial Transmission Mode **
ool @ usly el 38usS La bl Jas oz >
gl 2yl blad! JasJle P
Asynchronous and 3l e desall LadwdlT Jadl (e olegs drgn >

Synchronous Transmission

-1- One bit at a -1-

I time = (o]

£ 1, 85 - e

= 0 = 10100011 s £ |9 >
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 La._ﬂ F 29 cplaziay! g Jeulg AST L.wLm Aoy oo cidy éi S Jl¥! e datay >
cdg gl 3 Bylell Jys o oSy Jlas¥l 8321 (¥ I3y transmission
S ol il e Byme S Blaly Aylal) sy kil @iy it JSiy By S Syl @i P
Bylad) o e lusy Jiiradl gl bl Joe Beins oy
dl 28La) Sbladl eI 058 dus el G aslgslb) IS (e z3sedll lia § obled! Jai oz >
(llls Zuloudl Sls) Galill leslas
o) S &y @ clocks asbas/daelu Awlie Judiad! dpa ol oSy >
Additional Synchronization bits

0 EiorniE Eiborel @

Channel is idle

Transmitter
Receiver
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According to Type of physical connection
Synchronous Transmission <
bl LS8 ae, ) e Jas e 3)lc 52 P
JST ellsy Jumiie Tas e L] o2 &1 cbanall aluszaly Taaddl da § Jedzaldly Ll alits >
SBLd! e AsS

Ysado Losell 068 Lotie il Bale) of ol baas> oz >

4 Ld) WLy Bylae J3T oS5 bty do gy L >

by wldaall ae el il Glias claglas Jliy) Asyn 2l § celill cllazy ionzan ) o Gyall >
s putdiag 5¢d Syn Al § Loy « oyl il po aibian ol el 3udns Jadiad bty
deludl albas ologlas Jluyy Jatwe wlag

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

Transmitter
Receiver

Additional Synchronization Channel
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Data Channel Characteristics &ldaall 5L8 L ailas

A5 (ailasIl Gldaall 5LE Capmgs
capacity dal X
available bandwidth Sl A=l (o, %*
transmission rate JlawyY! Jaas X
signal to noise ratio (SNR) ezt () 8,LaY) 4w 5*
error probability Uasd! Jlezs| %

efficiency aJlasll X
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bits per sec (bps) + (wlisg < (o3l Bty IMS 3Ll e Juwyll ‘_92.:.%/\ SULd) Jumse 3Ldd daw
Bidly bolasll e Jaudl c¥ual y9u> 5529 H. Nyquist Silinall 22381 V4YE ale Jie
Sdzes daj o 4e LQJ"@_?_@ O9y” adlie BLat L}QIQ.CS/‘ Jadl Jaas e pad Aolas
Nyquist's formula : The channel is noise free

* C=Bits persecond
* W =Bandwidth in Hertz C = M |Og 2 M

® M= Number of encoding levels in the signal

4l 38L& Ul e Loses Nyquist Ll (oss &1 milid! Claud Channon jsbs V4€A ale (3
@lode gezmad 1dy20
Shannon formula: The noise level of the channel is known
+  S=signal power in watts

« N=Thermal noise in watts C — 2\/\/ |Og 5 (1+ S / N)

e W=Bandwidth in Hertz

13
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cldaall 3U5 Laslas
bps per hertzy Laa=s pu Gl /W audIly wlasg i8]l Jlw U Efficiency adlasll ©
ByLAY! aT Ao ping sl Aanyls Lea calale (e aotay Chyma Jaid oI o3l 0 7
The 26l 3 5,La) 208 Led i &l &Ll sue :Baud rate (Modulation rate) v/

circuit-signaling 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°

14
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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 Analo
9 Modem nalog
Signal 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
T (N
16
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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).
17 https://manara.edu.sy/
Sampling
Analog Signal Sampled Signal

— | HHW

Sampling Signal
RN

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

@ Analog-ro-digital conversion (A/D): An analog signal is sampled atm

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)

Joloedl 8yl @y cdyas cols 35,5 I3 Bpatune ByLa) 9o Aueladl! 8Ly Lolad oo >
Carrier Signal
200 ol Jslally 3l (Jlall:Jaloeld EMEN (olssdl gum] Jatats 2eady Il liledl jhays oiy 2
Leboaiy Las Lolgs Buce
o Auady bl Auelad/Adetas 5)La) Jadas) Ll 2531 JISaY >

ASK: Amplitude Shift Keying aJUall 41330 Jlasyl v

PSK: Phase Shift Keying skl >33l Jlsyl v/

FSK: Frequency Shift Keying 405,01 41330 Jlag¥y v
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ASK: Amplitude Shift Keying aJUall 4 3¥0L JLady

Jolsel 35l cpalises cdllaay cnarslial) cpesdll Jiies oo La >
AL COSWet s 5)Lal oo Ts 52 alaie (1) Lulsy >
Ao =0 0sSslaldles Ay cOSWet s LA oo Te2 (alaie (0) ilas >
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PSK: Phase Shift Keying 4 gkl 4o /3¥0 JLas¥
bld! Jatexd Jolsdl 8,La) joke 23] oy Lia >
180° \ies uSadlis /07 J1/1/ oo 30,01 iy Lootie Jalseld 1z pshall waz, >
1 0 0 1 0 1 1 1 1 0
180° ,luday yahadl 3 Mas!
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FSK: Frequency Shift Keying dasl 4L JladYyl

Jaldl 33,5 (58 (nalies o onsbidd] ontessll Jutes @iy Lia >
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Digital Data/Digital Signal: Line coding
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Digital Data/Digital Signal: Line coding

Ly 55La) J) bl lbaall Lo 2ylae (2 &

sl a0 Gob sue cllia >
Non-Return-To-Zero (NRZ) il J] ssgall aue 30y v
Return-To-Zero (RZ) Lawll J] 5552l nays ¥/
Biphase Encoding skl L el 4
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Return-To-Zero (RZ) yasall J 859atl ey
O J) el 578 quids o3 La >

Ssiens 39239 /1/ Rasy el (a3 (o Bl 858 Cims Juad IS (00 /1/ 31 30000 L gy Lia 5
S casadll 378 I /0/ ) !

ol (a3 IO Las 358 (6 ol /0/ 1 Jates oay Lo >
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Slaadl disbs Jus Al 3 ol olad oSl e 451 LS NRZ j10,5 By (e canss

29 https://manara.edu.sy/

%\

Biphase Coding ,gkall 3L e U

Manchester s (suds >
ool Sleglas Laast ey 58 JS M JlanYl o Lia >

ol 848 Camtia @ high-to-low uze-Jl-dle oo amdl grun Jlanl I (00 /1/ 3 Jitad o2 >

<l B8 Camtia § low-to-high Jle-JI-ute oo el Gotun Jas! JM> (10 /0/ 1 Jies o2 LeS >
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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 _p&ld &loas

) sl s (Soy cdalaiiol w0 agzll z35ai e dataly P
Polar Signaling aaazull ol,Lay! PNES Y 4
UniPolar Signaling 4,da31l Lalsl eyt plaseiul 4

Bipolar Signaling audaall 45l olyLay! alaseiw v
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Signaling Techniques &l oloas

Polar Signaling dudadiwd| ol,La¥! alusiu! X

O8] o) 05 ol <p(0) B,LENL 1 30,01 sy —p(t) 8,LEWL /0/ 30,01 iy Lin 3
{(p(), -p(O) Lass

Unipolar Signaling aedadll dsl>i ofyLay! PYNES X

P(D) BLaYL 1 50,0l Jiass (e 929 poie) 5L ility /0/ 50,01 iy Lia >
Bipolar Signaling duladll sl ol,LaY! ol sl X

LAY sl 130,01 Uiass (g 3529 pute) BLAY) iliy /0/ 50,01 Jiay Lia >
{p(1), 0, -p(0} =Lal 3 Lud Sl -p(t)s +p(t)
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Signaling Techniques paldl &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 L0 1 50,01 Jiasg (g 3529 acs) 5L il /0/ 50,01 iy Lia >
Unipolar Return-to-zero (Unipolar-RZ) X
! ot 39939 /1/ Aasis ol (a3 (po Beaill 858 Caiai Juted IS 50 /1/ 50,01 ey Lia
S el 578 M5 /0/ Ul
ol ey IS Bas 358 ol Glian /0/ 01 ke oty Loy
Unipolar Nonreturn-to-zero-Inverted (Unipolar NRZ-1) X

8ydzy /0/ 30,81 Jiasy O g p(t) (transition between levels) cns) Lyl oy ogliddly 1 30,01 Jiey Lia >
i 090 T codl el AheSs (T (lack of transition) Jla¥)

Polar NRZ **
Pt) ;LY 1 50,0 ey —p(0) ;L2 /0/ 50,01 Jiog Lia >
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Types of Line Codes

Bipolar AMI (Multilevel Binary) **
-9 Hp(1) Ll ol 150,01 ey (g 3529 pure) BLAY iy /0/ 50,01 Jey Lia >
ol (05 o Lall BAS Casai (Jep(1) .
Manchester %*
Ge-dl-dle oo el Ggrun Jlanl M o0 /1/ 31 JikeS i oy S (Biphase w5 a9 >
<ol 548 Caanio § high-to-low
58 Caatia 3 low-to-high Jle-JI-Gidie (e dzd! Syiue JUanl IS (e /0/ 3 Jites iy LS
n
Differential Manchester **
(oled! Jetes &la)low-to-high Jle-)-Gidie oo dizddl ot JLanl coglially 150,01 Jiay La >
ol 548 Caiatie (§ <lig high-to-low iwie-Jl-dle o L=l Soius Jlanil
G /1/ el ) Aplin 055 Lia oSJg (lack of transition) JWan¥l 8,4, /0/ 30,01 Jiasg >
LLs
Shielded Twisted Pair (STP) alasiwly IEEE 802.5 token ring LAN 48 id (amses el s >
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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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sllally 100 1101 1l ne Al Lyl oS

Return-to-Zero (RZ) yasall I 5392l 10,5 2as,bo o 00,01 K osayl®
Non-Return-to-Zero (NRZ) yaall J| 33gall aute 10,5 ddssle o na il JS& mseyle
Biphase Encoding sskall il el 4asyb ous o ll IS4 pueyl @
s BYLEY IS oy 08 AL BLA] e Sylie 5 el s o sliels®

Polar Signaling adaszull of)lay) 4a,,b ‘a|.\.’7_1“\\/

.Bipolar Signaling aubaall 45l5 | Lay 44,0 ﬁ‘.\m“/
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