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CHAPTER 4
SLLA Sl

Data Transmission

+* 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 Jax! bolasi %

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

Transmission Modes According to Type of Jilinall (hagll 7z 3ged Lo Jaudl Llasi >

physical connection

Parallel Mode =
Serial Mode =

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

Baseband transmission &

Broadband transmission &
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Transmission Modes According to Data flow

. . . R/
Slmplex Transmission *%*

Lazs usly olawil culdaall Jluy) o >

oaSlall slmi¥l G Sl 6l g ¥ >

138 5y Jluy) 5Li8 Cllazy >

Gsasalilly #1391 Jluosll (Ladl § A3l Bt e >

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

. . )
Half-Duplex Transmission %*

Allasdl (oo BlKe (wSTall slas¥l § Jluodl sl Lia >
Lol BN ey add uslg alamsl § Lol oy ST
Laad suslg Jlay) 3U8 bz, »

bl 2l cilagdas: Jle »

.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 pudis) dmly 0T & bl cilibaall Jlay) oy Lia >

Jlas! il aglaall Cullazs >
gsl-ciganls ¥ Las! ;e 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

https://manara.edu.sy/

Py

According to Type of physical connection

Parallel Transmission Mode **
Sladl e 2S § bl Jas (Sey >

gmolzdl Ja s bl Jas b »
Distance limiting 46Lull 2,592 Reliability 48s3s]l 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 @ sy e 33058 L bl Jas @y &

golzdl 75l ULl Jas :Jle 2
Asynchronous and :(pe 3l (e deiall MMl o olegd ds 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 (¥ ll3g transmission
32 e cal3U1 T (o By IS Ll Ayl iy ploseial wg cJitune Sy chyme S Jlsl oty >
Llodl e Bueluey Jrdiad! gt (0ol Jos Gadzes
) 88La] SLLdl e ST 08 s <3l G aslg sla] IS oo 7 3gaill ia § @bladl Jas @z >
(el 1ol 5s) ) lastas
Ol K4l 4 clocks aslas/duelu 2islie Jratudl dpay ol oSay »

Additional Synchronization bits

0 EiorniE Eiborel @

Channel is idle

Transmitter
Receiver
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According to Type of physical connection
Synchronous Transmission
bl S0 Aoyl dle Jas e Bylic g2 &
IST cll3g Jimdie Las e L] ot @1 bl alasals Loadll 1 3 Jedizally Juoyl oli >
B! e AsS
Ysadoo Lol 09 Lotie iliy Bale) of ol Lo @z, >
4 Lad) ALl &lae Y37 @Soms il g L >
Julbs Sldaall po oyl Sl lashas Jluoy) Asyn Al § ol calla oo lall o Gyl >
bs ausiug 98 Syn Al § Loy oyl Blias ae dilias ool ool AN Gudoes Judiad| adatug
Leludl Glags alaglan Jlusy Jatue obas

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

7
L X4
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Data Channel Characteristics &ldasll 3L ailas

A JailbasIl oldaall 3L8 Cames
capacity dal X
available bandwidth Sl A=l (5,0 %
transmission rate JLu¥| Juas %*
signal to noise ratio (SNR) zezesadl 3} 8,La¥1 2eui %
error probability Uas! Jlezs| %

efficiency aJlasll X
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aldaall 35 Lailas

bits per sec (bps) 4 elasg « (pa3dl Buslg I aLmJl BT NY @Ja_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’ uLmaLmJ@]a.dld.a.‘.H Joas (e el
Nyquist's formula : The channel is noise free
* C=Bits persecond

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

® M= Number of encoding levels in the signal

4l 5Ld dl> e Lases Nyquist Lel| Juags (&I milud! Claud Channon yeks <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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Sldaall 3LE (ailas
bps per hertz 3 Laa=s eiy (Gl «C/W &adlly (lsg 08 ) Sl Efficiency adlasll ©
By Ll a5 Ae pg 10,1 Adylo Leas clale (e ey Bymma Jaid o DU (a3l )
The .20l § 8,y 46yd Lpd pas @) @l sue :Baud rate (Modulation rate) v

circuit- sngnahng 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-to-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 Jalo! 8yLa] gy dyaT ol 55,5 113 8 yatue 5,1 g ALl 3,LaY1 bl 0] 2
Signal
20 ol yslally 33,1 (JUall i Jolell eI olgiddl gais] Jatats Auad Nl bl 0,5 ok
Lstaiy las olgs Buc
Ay bl A Las/Aditas 8yl Jaoan) Apwludl 2 JISEY >

ASK: Amplitude Shift Keying aJUall 2> 15340 Jlasy 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 4JUall 2330 JLa3Y!

Jaloedl a3, cyalzsen olllany cnnslil] opiagall Jutes @2y Lia >
A coswt Bz 8La] o0 fo 32 (Al (1) Jilay >
A, =0 ossLliles Ay COSW L &t 5,La] (0 Ts 52 ilaie (0) ilay >
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PSK: Phase Shift Keying &,slall 4340 JLad%|
Ll Jaterd Jaloedl 8,0 selo 4o 13) ot Lia >
180° luday (uSalli /0/ 11 /1/ o 30,0 pts Lotie Jaloel] 3lum¥ yelall yaz,
1 0 0 1 0 1 1 1 1 0
180° uday yekal! 3 as!
24
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FSK: Frequency Shift Keying sl 41530 JLasy|

ool 3353 1,8 (nalisen st ouslitl) cntesdll Jutes oy L >
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Digital Data/Digital Signal: Line coding
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Digital Data/Digital Signal: Line coding

Leady 5yla) ) Aol ldaall Jogmes 2glae (o 2

s et ok sue la P
Non-Return-To-Zero (NRZ) ,auall ] 83gall auc iy v
Return-To-Zero (RZ) ,iwnll J 535a)l a5 ¥/
Biphase Encoding skl il sl 4
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Non-Return-To-Zero (NRZ) yisall J| 85gall ade a5

Sl 878 s ol ligSog cnilises d gy /0/ 9/1/ 31 sm0ill 1 Jiey >

oadseill el Sgrun &l 3 8Ll Jus Leiws o/1/ e Jus <1848 I ezl Jle (S9tum 85LA) 929 >
/0/31 e

llasll da5> oye e ol lin Ladley >

QL:M o) L_Si L .L?}g)ﬁ ()Lmiji Q\J}\j JUS) z\.(rbidl‘ QLLJ\ QA;}_S)..L: 299 Lic USJ >

JWly dmimim 8, LAY Ae i i 0pal35 O 13] Lod 48 5all Jlanudl dlazs e daio Ll Lo ldag el
Sl sue (oMl
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onims J) el 806 st oy i >

adl Gsiua 35239 /1/ Bagiy ol (505 ra Bl 548 s Juted IS (50 /1/ 1 el L Jey Lia >
Sl Camdl 58 S5 /0/ )

el oy IMS B 8788 (6l oliay /071 s w2y Loy 2

Cangs Jll ety 4516 bl Sl Tagd ol 5708 Caims alasial cllagy ol s of slael de >
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Biphase Coding jgkall L5 e 4!

Manchester e (ouds >
ool cleglas Laaod o 38 JS P Jax¥! oz L >

el 88 Caatie § high-to-low Liaze-JI-Jle (o dzddl Sotame JLanl IS oo /1/ 0 Jstas o2a >

=l 848 Caatin § low-to-high Jle-J)-Jute oy szl Gotus JLans| M5 (00 /0/ 01 Jias oo LS >
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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 aiial miie @Al ezl £ 3500 e dataly P
Polar Signaling ddaazudl ol Lay| PNES Y 4
UniPolar Signaling dudaall 4ualsi el Lyl plaseiul v

Bipolar Signaling adaall 4503 o, Lay! plaseiul 4
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Signaling Techniques il &luas

Polar Signaling ddadiud! ol )La¥ | alaiw! X

CriLa] L 055 (61 ep(t) 85LaYL 1 50,01 Jions —p(t) 5La¥L /0/ 50,01 Jies Lia >
{(p(),-p()} azsd

Unipolar Signaling dedadll &alsi ol,LaY! PYNES X

PO 5Ll 1 50,0 Jtasy (azr 3929 pote) B,La¥1 iliky /0/ 5,01 iy Lia >
Bipolar Signaling audadll 46l o )La¥| alaseiw! X

LAY ool 1 50,01 Jrasy (agz 3929 poke) 35LaY1 liks /0/ 5,0l iy Lia 2
{p(), 0,-p()} =hLa) 3 Lud Jllg -p(t) 9 +p(1)
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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 Jiasy (e 3529 pote) LAY lidy 0/ 5ol o Lia >
Unipolar Return-to-zero (Unipolar-RZ) X
Al ) Gsians 39239 /1/ Rass el (03 (o0 Bl B8 i St IM5 (0 /1/ 50,01 iy Lia >
S il 348 I /0/
el oy INS B 8588 (ol oliay /071 s oty Loy 2
Unipolar Nonreturn-to-zero-Inverted (Unipolar NRZ-1) X

8yazy /0/ 30, Jiass O 9 p(t) (transition between levels) cns, L) cny cagbally 1 50,01 ey Lia >
i3 093 1 o) 1050 4SS (T (lack of transition) Jlal

Polar NRZ **
P(0) B;LaYL 1 50,01 Jtasy —p(0) 8,La¥L /0/ a0l iy Lia >
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Types of Line Codes

Bipolar AMI (Multilevel Binary) **
e p) 5 p() LWL bl 1 sa,dl Jiesg (e 339 pute) LN lias /0/ 30,31 Jio lin >
Sl (a3 (o Laill B8 Liias .
Manchester **
high- aze-Jl-Jle ¢ro szd) Soituns JLassl UM ¢pa /1701 Jiies o2 o S «Biphase )5 g9 >
coll 88 Caatin § to-low
BAS Cayatio § low-to-high Jle-JI-Giaxe ¢ szl (S JLassl IS o0 /0/ 1) Jtas oty LS >
n
Differential Manchester %
5 (@bl Jekes 2lay)low-to-high Jle-)-iie (e dezedl Sotame Jlanl ooliall 1 50,01 Jiay La >
ol 548 iatie § 3 high-to-low iuie-]-dle (o izl Ggiune Jlaws!

Lked o1 /1/ cod) ne 0 2elin 0S5 Lia S (lack of transition) JLax¥| 8 sz /0/ 50,1 Jtesy >

Shielded Twisted Pair (STP) aluszuly IEEE 802.5 token ring LAN 4S4id aiases sl Ida >
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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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fssllally (10 0 110 1 1:JLdl e0,U0 Ligd (S

Return-to-Zero (RZ) jasadl J| 53gall 700,5 dds sl s 00 Al S0 oeayl®
Non-Return-to-Zero (NRZ) yaall Jl 83gall ave 0,5 40k w1l US4 ooyl
Biphase Encoding ,shall L el ddsb cows ol IS4 munyl @
o By S sy 08 sl B)La) (ye Bylee g2 oAl la o SLiaels®

.Polar Signaling 2 aatud) ol La¥ 44y, ‘a|.\.’7_1“\\/

Bipolar Signaling &, daall 2505 &l,Lay) 45,0 ﬁ‘.\m“/
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Biphase
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