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4.9

v ;. Data Communicalions”  gyuzsn
- anel P aTWOTKING ot thum

Chapter 4
Digital Transmission

- o g
o g T T ] i s Tt - e

Line Coding

« Converting a string of 1's and 0's
(digital data) into A sequence of signals
that denote the 1's and 0'. "

example a high voltage level (+V]
¥ HE aﬂwmmm:n a“i{"andalow ﬂu_Wmn
lewel (0 or V) could represent a "0".

43

-

41 DIGITAL-TO-DIGITAL CONVERSION

m..__ s - sectlom, e NeE farm e it 1..........«....&:._. aliyital
At by madrge digined slgaals, The conpersion rvahves
.....:_.._w.qﬁ?_..q.___ﬁ.._n.. fime coding, block coding, _E,-H
serumibimg. Lime coding & ey peededs Bloe
coling and scrambling may or g wopbe e

Tapics discuxsed in hais se
= Ling ©adaieg
= | e Coeling Schems

= ok O ading

= Sepamibing

s

Fignre 4.1 Line codirg witil aleriniian

- : =

a4

LA
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Mapping Data symbols onto
Signal levels

. pﬂsﬂq&n_ﬂﬂmﬁnﬁsﬂnﬂnﬁam
pumber of daa its:
1 kar
S 1 T ; P i o

= A data symbel can be caded into 2 single
signal elemert or muitiple signal slements
o L-m b, e Y
a 1=3 ¥ and =V, 0 -= Aand +¥

o The ratis ' s the number of data-slements

Relationship between data

rate and signal rate

« The data rate defines the number of Hits sent
per sec - bps, It is often referred o the bit
rake.

a The signai rate |5 the number of sagnal
elermants sant in @ secand and is measired 0
hatids. Tt is also referred to as the modulation
rats.

« Goal k1o increase the data rate whilst
redicing the baud rate.

carmiad by a signal elemant.

i85

——

Fiigure 43 Sigral plemat versus ki vitsent

1 hhad i | dd i 4

P T ———]
seawrn e |

4 kg s

J s -

Data rate and Baud rate

= The baud or signal rate can be
expressed ast
S =y Nx 1/r bauds
whera N is data rate
¢ is the case factor (worst, best & avg.)
¢ is the ratio between data element &
signal elemant

ad

ah

(FIEA L
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- Example 4.1
A

alpnal i carrglng dita in owiich ene dite efement i
encaded o ome dgnal elewent { v = 1. Af e S rate B
R bidgrs, v i e arveruge vadiee of the basd fite ifcis
betwerrt F anil 1T

Nolapinn
Wi avsaane Hhar the gverage volue of ¢ is 122, Tle band

rafe iy flven

Sarned =L o paman - m...m_.__.____. .u____._..__.__
R |

44

Examipie 4.2

Thie muaintom it e of @ channel (see Chapter 3) &
Mo = 2 = B % lopy £ (defimed by the Nyqiis! formuda).
Dhseex shis wgree with the previous foemda for N

Sinfprdo
A sinal with L fevels acheally con carry gzl ity parv

feved BF each Tovel correspomily fo one signal etiment i
we dvsme the tverape cave (¢ = 122, then we kave

Vas = £ % e = 2 W L

LAl

du|‘

Nore |
Although the actual bandwidth of a
digital signal is infinite, the effective
bandwidth is finite.

_

Considerations for choosing a good
signal element referred to as line

encoding
« Baseline wandering - a receiver will evaluate
the averaie power of the recelved signal

(called the bebeline)-and use that to determine
the valge of the incoming cata elements, If
the incoming signal does not vary ovar a long
period of time, the baseline will drift and thus
Cause errors in detecticn of incoming. data
elements,

= A good fne encoding scheme will prevent long
runes of fixed amplituds.

At

Fg Bl b

37 |
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Line encoding C/Cs

= DC compenents - when the voltage
level remains constant for long periads
of tme, there is an increase n thae luw
frequencies of the signal, Most channels
are bandpass and may not support the
low frequancies.

« This will require the remaoval of the dc
companent of a transmitted signatl,

Line encoding C/Cs

« Self synchronization - the clocks at the
sender and the receiver must have the
same bt interval.

o If the receiver dock is faster o slower it
will misinterpret the inccming bit

siream

4.1

Fligmire 4 Effiet o ok af sy Rt

448

‘E@.-.ﬁ

Fotir eligitud freesmissiod, the receiver clack (5 0.1 percest
Juster thae the sendier clinck. Hew many extro bits per
sevarnl - does the receirer receive i the ata rate &
1 ks How sy if the data rate 11 Mbps!

Sulution
Ai 1 kbps, e peesiver reveives 1001 fps divtead af b

.

___—:._._.__. i Fiving fros fowoel Bedkii ____._

A Mbps, the rocedver Fecefvey 10t i hyes instend of
TR TR S

4.1

(e L
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=
Line encoding C/Cs

= Error detection - errors unncq.ncq_:m
transmission due to fine inpairments.

« Some codes are constructed such that
when an error oceurs k can be
detected. For example: 8 particular
signal transition is not part of Eﬂ code;
When it oceurs, the recewver will know
that a symbal error has pecurred.

_tu

Line encoding C/Cs

« Mose and interference - there are line
encoding techniques that mzke the
trarismitted signal Mimmune” {0 noise
and interfarence.

o This means that the signal @nnot be
corrupted, it is strunger than Grror
detection.

—
Line encoding C/Cs

« Complexity - the more robust and
resilient the code, the more complex
is to implement and the ﬂ_ﬂﬁm s often
pad in baud rate or required
Liandwidth.

i 18

Figwred.d Lingt cafivg sohamey

,_ e H
-

e _

i

Al e

4,20
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Unipolar

= Al signal evels are on one side of the ime
a5 - either above of below

« NRZ - Mon Beturn o fem scheme & an
example of this code, The sigral ivel does
ot retir o 2ero during a symbal
transmission.

« Schame s prone o baseling wandering and
B components. Ithas no synchronization or
ary errordetection. It is simple but costly in
POWET ConsuUmpEoT.

Figure 4.5 Unyuriar NEZ soleme

L]

Polar - NRZ

» The voltages are on both sides of the fime
ks,
« Polar NRZ scheme can ba implemented with
bwi voltzaes. E.g. +V for 1 2 -V forD:
« There are bwo versons:
w M - Level (NRZ-L) - positive voltage for one
symibol &and negative for, the oher
w NRF - Twversion (M22-1) - thi thange or Lok of
change In polanty Jebermines the value.of o

does Rt

433

symiol E.9. a *17 symbal inwets the palisity a "0

Vigpre 4.6 Poar NRE-L and MR ieheme

S
et L..rlllwlla. |.||...”.| ]

1 S Satiei e B 0 b

4,24

1R
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i

Mot

In MRZ-L the lavel of the voltage

determines the value of the bit.
in MRZ- the inversion

or the lack of inversion
determines the value of the bit.

a4.2%

»,rwl

e |

NRZ-L and NRZ- both have an average
signal rate of Ni2 Bd.

4.0

T

Mg m

NRZ-L and NRZ-| both have a DC
compenent probiem and haseline

have no sclf synchronization &no error
detaction. Both are relatively simple to
implement

42T

' wandering, it is worse for NRZ-L. Both '

.%@ain id

e fve average signal rove wond anfidnsn bandddi?

Solution
Bapd rite 1% By = 5 = S0 ANz

e (5 0

435

A spstem v aniinng NREF o trunsfer {<Mbps data. Wit

The average signed rareiy $= c x V2 R — 2 x Mel=
SO0 kbasd, The minimum hordwidii for this averige

Nate ¢ = [48 for the aig. cove ax word case i wf best

L2
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Polar - RZ

s The Réturn to 2ero (RT) scheme uses three
valtaoe values. +, 0, -,

» Each symibol has a transition in the middie.
Either from high to zero or from low o seno,

» This scheme has more slgnal transitions (twe
ﬁﬂﬂ_i___ugu and thenafore requires a wider

ndhwicith,

» No BC components or basaline wandering,

= Self synchroneation. - transition indcates
symbol value.

a Morecomplex 25 it uses three voltzge leval.

_|m Iras no arror detection apability.

L1

LB T

Fleuty <7 Polar BT sobermay

a-an

Polar - Biphase: Manchester and
Differential Manchester
= Manchester coding conssts of combining the
W24 and B2 schemes,
AL 5 o o b o T e e
« Differential Manchiester coding consists of
cormiining the NRZ-] and RZ sehemes,
mim..h!&!ﬁ u Ezﬁwwm__“ %EEEH_W
[T r._.ziﬁ_ﬁ the dther does __m_w_.rﬂ

431

Frgnre &0 Fodar bipf s Mane fener and aifismtiol Ao s iy

m:.,H ]
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T

i

in Manchesterand differantial
Manchester encoding, the transition
at the middle of the bit is used for
synchronization.

433

v

:.a,.h_

The minimum bandwidth of Manchester
and diffsrential Manchester is 2 times
that of NRZ. The is no CC component

and no baselina wandering. None of
these codes has error detection.

4.4

ﬁ

Bipolar - AMI and Pseudoternary

= [ e 3 valtage levels: - +,0, - 1o
represent the symhols (nite not transitons to
20 &5 in R,

« Voltage level for ane symbal & at "07 and the
other atternates betwoon + & -,

= Bipotar Alernate Mark Inverson (AMI) - the
“O" symbol I8 represented by sora voltage
and the "1 symbel alternates between +V
and -y,

= Posilaternary 18 the reverses of AML

L]

Figure 4.5 Mipabee sohemes: A pmf prasdommry

12N
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Bipolar C/Cs

= [t 5 @ better alternative to NRE.

» Has no DC companent or baseline
wandering.

» Has no self synchronization because
larig runs of "0 results in no signal
transitions.

» Mo errar detection.

Multilevel Schemes

= Ip these schames we Increase the rumber of
data tits per symbaol thereby increasing the
hik rate.

w Sine we are dealiog with Dinary data we onlly
hawve I types of data element a 1 ora 0.

= We can combing the 2 data elements into a
pattem of “m" dements b create 2™
=yinbuls,

= If wehave | sicnal levels, we can use "n"
signal elements to create LY signal elemeants.

#,33

Code C/Cs

» Mo we have 2 symbols and L0 signals

« 3™ > _viben we canpot repeesent the data
elaments, we dont have enough signals,

o IF21 = [ then we have an exact mapping of
e symbol on one signal.

o 1020 < [V then we have more slgnals than
symbols and we @n choose the signals that
are man clistinet o represent the symbiods
and therefore have batter poise immaenity and
erinl diteithon as some siguals are not vaiid.

&30

T

MNasye m_

In mBEnL schemes, a _EE.»_._._ af m data
elements is encoded a5 a pattern of n
signal elements in which 27 s L.

| s
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_.._._:

Representing Multilevel Codes

« We use the notation mBnL, where m is
the length of the binary pattern, 3
iﬁ«ﬁn%_{mﬁm n represants fhe
length of the signal pattern and L the
number of levels,

« | = B binary, L= T for 3 temary, L = 0
for 4 quaternary.

Figure 410 Mkifeveds JIF sdeme

. _ . .
Ada sy gy g o el

iz

Redundancy

» In the ZB10) schemiz we havi 1o fedung
maﬁmmﬁﬁﬁﬁucngﬁ -
» If wie use a code with reduyn
gﬁﬂ:ﬂu:ﬂsﬂ..ﬁ. b
+'5 than __.___“_._ﬁwﬁE_"
EB%_H..HEEEn.EHuE
%ﬂﬁmn Q" PR
w Fmwbyer will koo whien it eceives 8 -
_ d code that it shoud invert itas it
Eﬂﬁﬂiﬂﬁi&.ﬁvﬂ

Fipure 4,01 Mudifewet: 80T rokome

444

WA
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Multilevel using multiple channels

= 0 some cases, wie aplit the signal tronsmisson
up-and dishribute it over several finks.

= "he separate segments are transmitted
simultaniaowshy. This reduces the signalling
rate per ink > loweor bandwicth.

= This requites all bits for 3 code to be stored.

= %0 means that we use "%’ links

= Yz We use 2 lovels of modulation where
Y represents the type of modulation (e.g;
pulse ampl. mod. PAM].

« Codles are represented as: xD-YYYz

445

Figure .11 Mutilevel: 4000000 soheme

= —
|

y =1 ..F i |

A an

N

Multitrensition Coding

= BocMee of synichiomization maquimmeants wi forn
trandiitions This can resul in weny high bandisdth
refuiremissts <= fmone transibions than art s (2.4,
mikd teE transition with inverson).

« Cotess car) b created that are diferential at the b
iowl Forgirg Uansimions at bit boundaries, Ths results
I 4 handwidth reguessment that & eguivaken Lo the
bk wakss.

= |nsome esiances, the bandwidtt requimeme Tl may
Ty D MCwwe, SR I TEDESRIVE PRETEIMS MEsAting n
- periodhic sgnal.

Figure dol3 Mwbhirmnvitiion: AFET-1 sofinw
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MLT-3

= Signal rate is same as NRZ-1

= But because of the resulting bit pattern,
we have a periode signal for worst case
bit pattern: 1111

= This can be approximated as an analeg
signal a fraquency 1/4 the bit rate!

Block Coding

Lﬂﬂﬂﬁ#g v the sigral fow mnd migst
= luanﬁana.ﬂn Ewhiﬂhﬂwm_._#aﬁ division,
. ﬁﬁ:iﬁh Trnim mudtifeve] coding by use.of
sl peslil it B4 eomponints or pogr sync, ity

Eable 4.1 Siievevnry af B coalleng solewes

Ramudanng
Lanvigaiin _ falaray Fnene ¢

1] B i T
| KpFa _ ._. i I r...__...

454

_Nore |

Block coding is normally referred to as
mBinB coding;
It replaces each m-bit group with an
m-bit group.

A453

LERE 1]
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Redundancy

« A 4 bit data word can have 24
combinations.

s A 5 bit wore can have 25=32
combinations.

« We therefore have 32 - 26 = 16 exira
wards.

« Soma of the extra words are used fior
control/sigralling purposes,

4,57

lase

Finarre 417 K0T Basck emonsdTag

BEM N pry el

-
_ el
LR Dty it T 0 el
bbb i e
wiled e

* | v

Example 4.5
W tresd po semil duta ol o D-Mbps rafe. What i e
miniineen reguriced hamdwidth, wsing a gonibination of
A5 and NRZ-L or Manchester coding?

Sieduirinm

Flest AR50 block coding increases Mg bt rats 10 ¥:25
Migrs, The misiarem anthidth nxing NREZ-I 15 NI o
625 &Mz The Manchesier scheme needs o iR
fumidiadtlc of 125 Mz The fird choice needs o dueer
Bandvistih, bict Finy o DO component proble; fre secanil
chice meeds @ Migler bandvwidth, bt doey not farwe e D0

e

More bits - better error detection

« The 861086 block code adds more
redundant bits and can thereby choose
code words that would prevent a long
run of 2 voltage level that would cause

D components;

s

AN
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LVLTR 0.

Scrambling Feipre 4,18 AMF ened it seraubling

w | b Bost cooe b5 one that does ool o esse
the bandwichh for synchronization and has no Sl

(e
[

DL components, m
= Scrambling is.a technigie used o create & — —

seqience of bits that ten Uhe resuived Cfcs for e T T

transmission - seif doddng, no low =i

_"..Eu_.-mn____u__m..mc_._n__..__.u@w HE_.zH.._.__.!.\——._..._. —.,|..__.=ﬂ_ |_-. _...l.:.___.i_,..:.n.
s It 5 implemented at the same timeas | L= e | | smeiny
encoding, the bit strean s uealed on the fly.

= It replaces ‘unfriendly” runs of bits with a
viclatioh code that i5 easy to recognize and
removes e unfriendly o/,

481 1.GF

F Figre A1 T saxes af BEEY woraweliferg ietiwlgoe

For example: BBZS substitutes eight
consecutive zeros with 000VBOVE.
The V stands for violation, it violates the |
line encoding rule
B stands lur Lipolar, it implements the
hipolar fine encoding rule

453 488
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HDBS substitutes four

conseculive

zaros with 000V or ooV depending

o the number af nonza

ro pulses after |

the last substtution.

1f # of non Zero pulses

is even the

suhstitution is BOOV to make total # of
non zero pulse even.

\f # of non zero pulses

substitution is 0oov to

is odd the
make total # of

fion zeru pulscs oven

Iferient wllatber I T 5

L 20
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