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Baseband data transmission - Introduction

BIRZEIT UNIVERSITY
ECE

> Bits (0, 1) are mapped into two voltage levels for direct transmission
without any frequency translation.

»Baseband modulation can be defined as a modulation with PSD is
handled around =0 (Hertz)

» Various baseband signaling techniques (line codes) were developed to
satisfy typical criteria:

" Transmission Bandwidth: as small as possible

= Power Efficiency: Transmitted power must be as small as possible for given
BW and probability of error

= Error Detection and Correction capability: Ex: Bipolar

= Favorable power spectral density: (no DC component—> imply that AC
coupling via transformers may be used)

= Adequate timing content: Extract timing from pulses (self-synchronization,
don’t transmit clock)

" Transparency: Prevent long strings of Os or 1s

= Cost and complexity of transmitter and receiver implementations
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BIRZEIT UNIVERSITY

Baseband data transmission - Review: Energy and Power Signals

ECE

» Recall from Chapter 5: PSD of Digital Amplitude Modulation

p(0)

Information bits

Mapping to i i s(t)
I real numbers | |
b, {0?1} : Amplitude :
i modulation i
2 2 m=oo
() tim LS PO S eman _s (0)py

T—w 2T Tb Moo
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LTI System

T T oo T (c,) W(6) = p(o) Transmitted signal s(7)
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BIRZEIT UNIVERSITY

Baseband data transmission - Baseband Signaling Schemes

ECE

» Unipolar Non-Return-to-Zero (NRZ) Line Code

Binary Data 1 0 1 1 0 10 1 011
« [JUUUUUULUUL
— I
V
NRZ Code 0 Time
" Transmission Bandwidth: doesn’t require a lot of bandwidth for transmission
= Power Efficiency: a() %)
azﬂn{}a L] i ei'!
%
@‘a@ r
—U H 0 'j'; t
YT
0 T, ~ 7 Choose 0, < | => Choosel,
(0 52 (1)
| | *— 4()
0 W EHRZ
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BIRZEIT UNIVERSITY

Baseband data transmission - Baseband Signaling Schemes

ECE

» Unipolar Non-Return-to-Zero (NRZ) Line Code

Binary Data 1 0 1 1 0 10 1 011
««  [JUUUUUUUUL
—» 3'; «—
V =
NRZCode 0 Time

= Power Efficiency:

Choose 0, < | => Choosel,
§(1) (1)

| | *— 4()
0 Y EHRZ

distance between the signals v Enrz E s
—> Plerror]|=Q _ -Q -Q
2xnoise RMS value 2x 4N, /2 2N,
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Baseband data transmission - Baseband Signaling Schemes

ECE

» Unipolar Non-Return-to-Zero (NRZ) Line Code
= Error Detection and Correction: doesn’t have
= Power spectral density:

1 Q& «
éRc( ) E{Ckck+m}_ Ilm ZCka+m

N —0 N
13 « .1 N 1 a, is equally likely to
—> R (0)= E{Ckck}— I!llmo N kz_(;ckck+m = I!IILE]ONXE:E e 0or1

—> Rc(m # O) E{Ckck+m}_ I'm chck+m = > D CCem p(Ck’Ck+m)

¢, 11,0} ¢, ell,0}
= (Ix1P(c, =L,¢,,, =1)+ (1>< o)P(ck =1Ce,n =0) For m# 0 there
ibilities,
+(0x1)P(c, =0,¢,,, =1)+(0x0)P(c, =0,c,,, =0) a;f:i gisj'cki:_ﬁs
1 °c,=1andc,,, =0
= P(Ck =1Cn = 1) = Z °c,/:=0 and c;m:J

°c,=0and c,,,=0
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Baseband data transmission - Baseband Signaling Schemes

BIRZEIT UNIVERSITY

ECE

» Unipolar Non-Return-to-Zero (NRZ) Line Code
= Error Detection and Correction: doesn’t have
= Power spectral density:

—_ S mzooR )e—jZﬂfme

Ty m—
_ 1 1 E mz_cjoe—JZ;zfme i 1 1 mz_cioe—JZﬂfme
T 2 4 M=—o0,m=0 T 4 4

N I Z S R P Z sl
4T, St 4T T, Tb

Recall: Poisson summation formula
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Baseband data transmission - Baseband Signaling Schemes

ECE

» Unipolar Non-Return-to-Zero (NRZ) Line Code
= Error Detection and Correction: doesn’t have
= Power spectral density:

—> P(f)=VT,sinc(T, )

> S(1)fp(r 5, (1) B LS5 of |

2 . 2 2 -2 2
Vv Tbsm: (ﬂfTb){lJrlé(f)}:V Tbsm: (ﬂfTb)+V4 5(1)

b

Notice: sinc(zfT,)=0 for any all f=m/Th other than f=0.

© Or. Mohammad Jubran Modern Communication Systems, ENEFE3306 Lecture 2 - Slide 8



Baseband data transmission - Baseband Signaling Schemes

BIRZEIT UNIVERSITY

ECE

» Unipolar Non-Return-to-Zero (NRZ) Line Code
= Error Detection and Correction: doesn’t have

= Power spectral density: It has a non-zero Dc component

—> DC=0x P1_|_V>< P2 =V X P2 :% If a, is equally likely to be O or 1

=sAdequate timing content: doesn’t have any clock component and so is not good
for synchronization

" Transparency: doesn’t prevent long strings of Os or 1s

= Cost and complexity: simple to implement
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Baseband data transmission - Baseband Signaling Schemes

BIRZEIT UNIVERSITY
ECE

» Unipolar Non-Return-to-Zero (NRZ) Line Code

= Power spectra of unipolar NRZ signal. (The frequency is normalized with
respect to the bit rate 1/Tb, and the average power is normalized to unity. Only
the positive side of the spectrum is shown in the figure).

1 T T T T T T T T T

29
z | —
o 2T cinp2
= " Delta function 7 S(f)_v TbSInC (ﬂfTb)
= of weight 1/2 —
3 : ; 4
5 05 V2
+—5(f)
S 4
g
=
0 e —r
1 2

Normalized frequency
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BIRZEIT UNIVERSITY

Baseband data transmission - Baseband Signaling Schemes

ECE

» Polar Non-Return-to-Zero (NRZ-L) Line Code

Binary Data t1r ol irtololriod |
Clock —|_—|_—|_—|_
B L
V i | | | H |
NRZ-L 0 Time
L i

=" Transmission Bandwidth: doesn’t require a lot of bandwidth for transmission
= Power Efficiency: Slf)

ki 5(0) 7
A 1
*eme”
1 LV I
ﬂ s
S ? e
-V 0 T, 0 T,
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Baseband data transmission - Baseband Signaling Schemes

BIRZEIT UNIVERSITY

ECE

» Polar Non-Return-to-Zero (NRZ-L) Line Code
=" Transmission Bandwidth: doesn’t require a lot of bandwidth for transmission

= Power Efficiency:

eyt

(0

5 (9 5 (8)
“zel“{}“
Vv
I
0 ! 0
_V

i
0 T a
..
b Choose 0, « | => Choose 1,
5(8) 5 (£)
| t
® i o— ¢ (f)
Ty ENRZ-L 0 v ENRZ-L

—> Plerror]|= Q(

distance between the signals 2Enrz | _ o 2E \rz-1
2x noise RMS value

N

0

-Q 2x 4N, /2
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Baseband data transmission - Baseband Signaling Schemes
| BIRZEIT UNIVERSITY

ECE

» Polar Non-Return-to-Zero (NRZ-L) Line Code
= Error Detection and Correction: doesn’t have

= Power spectral density:

—>Rc() E{Ckck+m}_ “m ZCka+m

* 1 . _
chck+m = lim—xN = 1 a, is equally likely to

—_ =
RC(O) E{Cka} lim — N—oo N be-lor1l

N—>oo

—>R.(m=#0)= E{ckck+m}— lim — ZCkam

N —o0 N
For m# O there

- Z Z CkC;+m p(Ck . ) = (1X1)P(Ck =1 Coom = ]_) are 2 pOSSibi“ti_ES,

°c,=1andc,,, =1

il ~1} Cpomefl, -1} ol and e = -1
T (1X _1)P(Ck =1Cin = _1) °c,=-1andc,,,~1
+(-1x1)P(c, =-1,¢c,,,, =1) *C=-1and cy,p,= -1
+(-1x-1)P(c, =-1,c,.,, =-1)
=0
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Baseband data transmission - Baseband Signaling Schemes

BIRZEIT UNIVERSITY
ECE

» Polar Non-Return-to-Zero (NRZ-L) Line Code
= Error Detection and Correction: doesn’t have
= Power spectral density:

m=s - 1 1
és f — R —127z‘fme:_R O _ =
(0-L Fr.me - Lr0)-2

—> P(f)=VT,sinc(#fT,)

—> §(f)=S, (F)|P(F)" = V*T,sinc?(«fT, ),

—> DC=-VxP, +VxP,=V(P,-P,)=0 If a, is equally likely to be 0 or 1

=sAdequate timing content: doesn’t have any clock component and so is not good
for synchronization

=" Transparency: doesn’t prevent long strings of Os or 1s

= Cost and complexity: simple to implement
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Baseband data transmission - Baseband Signaling Schemes

BIRZEIT UNIVERSITY

» Polar Non-Return-to-Zero (NRZ-L) Line Code

Mormalized power spectral density
o
o

S(f)=S,(f)|P(f) =V T,sinc?(xfT, )

ECE

Normalized frequency

(h)

© Or. Mohammad Jubran

Modern Communication Systems, ENEE3306

Lecture 2 - Shde 15



BIRZEIT UNIVERSITY

Baseband data transmission - Baseband Signaling Schemes

ECE
» Return-to-Zero (RZ) Line Code
5 5 1 0 1.1 0o 0 1 0 1
Rzcode o — L L L 1L L
®" Transmission Bandwidth: requires more bandwidth than NRZ code
= Power Efficiency: _ _
8,09 plerror] = Q(dlstance between the mgnalsj
\ 2 x noise RMS value
T,
T _ { v ERs J—Q[ ERZ}
\ . 2x4/N,/2 2N,
0 T2 L
50 5 ()
i I e Choose 0, < | =>» Choosel,
vV 5(1) (0
| | *— 4(%)
o I ., ., 0 \Er,
0 0 1.2
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Baseband data transmission - Baseband Signaling Schemes

BIRZEIT UNIVERSITY

ECE

» Return-to-Zero (RZ) Line Code
= Error Detection and Correction: doesn’t have
= Power spectral density: for equal probable 0 and 1

—> S(f)=|P(f)’S,.(f) = VAT, /2 sinc (a(T,/2) { mi 5( bﬂ

4T, b Moo

_VZTbsincz(ﬂf(Tb/Z)) LIS 2k 1 KT S 2+
- 16 T T.) T 2 T

b k=—o0 b N=—o b

‘[ 2n+1
)
:VZTbsincz(zrf(Tb/Z))+V2 5(f)+v oIt (” 2 j SF o5 _2n+1
16 16

_ VT, sine’(#f (T,/2) | V7 5(F)+ Vi 4 - {”w 5(1: ~2n +1ﬂ

16 16
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Baseband data transmission - Baseband Signaling Schemes

BIRZEIT UNIVERSITY
ECE

» Return-to-Zero (RZ) Line Code
="Power spectral density

0.5

A2=4

L

Delta function
" of weight 1

0.25

Delta function
of weight 0.1

Mormalized power spectral density

0 ] 2
Normalized frequency

=sAdequate timing content: doesn’t have any clock component and so is not good
for synchronization

=" Transparency: doesn’t prevent long strings of Os or 1s

= Cost and complexity: simple to implement
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Baseband data transmission - Baseband Signaling Schemes

» Polar Return-to-Zero (RZ-L) Line Code
3 3 1 0 1. 1 0 0.1 0 1

RZ-L 0 — Lo°
e L RN
: S A : _ 1 ! LI :

0.9

=
&)

Mormalized power spectral density

1 2

Normalized frequency
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Baseband data transmission - RZ-L Code

BIRZEIT UNIVERSITY

ECE

» Polar Return-to-Zero (RZ-L) Line Code
Plerror|= Q(

distance between the signals
2 xnoise RMS value

%0 #, ()
51("3' SZ{f:l I+ 4
S ) — Y%
4 INER
I , LieLn 0 f i —f
0 0
T T
_¥ -V {}
{n}
&, (D)
A
Y ERZ-L Sg (f) _:_"
;'f Choose 0, P[EI’I’OI’]RZ_L = (\/ERZ—L/ND) .
Choose 1,
0 | 5 (2
7 - 4D
ERZ—L
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BIRZEIT UNIVERSITY

Baseband data transmission - Baseband Signaling Schemes

ECE

» Bi-Phase (Manchester) Line Code

1 0 1 1 0 0 1 0 1

[ | [ [

I I I I I I I

Bi-Phase 4 I : : :

Manchester Coding 0 : I I I
‘[.r.) —

I
I

I

Bi-Phase-L :
Polar Manchester 0 :
I

Coding

1
|
1
|
1
|
1
|
- V —l ‘+ — _: } —
1
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Baseband data transmission - Baseband Signaling Schemes

»Bi-Phase (Manchester) Line Code

MNormalized power spectral density

O
tn

0 1

Normalized frequency

BIRZEIT UNIVERSITY
ECE
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Baseband data transmission - Bi-Phase-Level (Bi® -L) Code

BIRZEIT UNIVERSITY

ECE

»Bi-Phase (Manchester) Line Code

Plerror|= Q(

distance between the signals
2 xnoise RMS value

5(9) 5,(9) @)
A A ¥
terg” "ema®
v v /T,
f E; f E;
0 T ” 0 - 0 4
b
-V -V B ]v/*f?.s
{2} (b}
Choose 0, < | => Choosel,
5 (9) (0
° | *— (%)
- EBi.g:._L 0 Y EBilﬁ-L
(¢}

Plerrorlgig.L = @ (\/QEBiqi»L/NU> :
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BIRZEIT UNIVERSITY

Baseband data transmission - Baseband Signaling Schemes

ECE

» Has at least one transition every two bit interval and there is never
more than two transitions every two bit interval.
= Bit “1” is encoded by a transition in the middle of the bit interval.
Depending on the previous bit this transition may be either upward

or downward.
= Bit “0” is encoded by a transition at the beginning of the bit interval

if the previous bit is “0”. If the previous bit is “1”, then there is no

transition. 1 o 1 1 0 0 1 o0 1

Miller Code 0 '

Miller-1. 0
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Baseband data transmission - Baseband Signaling Schemes

BIRZEIT UNIVERSITY
ECE

2.5_ ....................... .- ........................ ....., ....................... —

-2
T

Miller—L

LA

Normalized PSD (§ s(ﬂs’E)

Normalized frequency (fTb)
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Baseband data transmission - Miller-Level (M-L)

> Miiller Line Code

="Power Efficiency:

g4 5 (£)
I Hfmﬂ Hmﬁﬂ
I© |5
T
L T, ! 0
_TV |-
5 (£ 5 (1)
1 Haerg® I ot
5
T
0 f 0 T
—¥ -
{u}
# (8 (1)
TNEA TR
L
0 ¢ 0 T
T o

BIRZEIT UNIVERSITY
ECE
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BIRZEIT UNIVERSITY

Baseband data transmission - Miller-Level (M-L)

ECE

> Miiller Line Code

"Power Efficiency: _Cheosc 1.
@, ()
® s ()
% 50 5(0) H
= i ° :
¢
& 0 ZICR
® s5.(9)
Choose 1y
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Baseband data transmission - Miller-Level (M-L)

BIRZEIT UNIVERSITY

ECE

»Miller Line Code
="Power Efficiency:

Plerrorjpy. = 1 — [1 — @ (\/EM-L/ND)} 2
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Baseband data transmission - Performance Comparison

-1

»Miller Line Code 17
="Power Efficiency: :

Herror]

E N (dB)

ENRZL = BRZL = EBig-L = BuL = VT, = By (joules/bit)
2F,
P[EFFOF]NRz_L = P[ermr]giqg,_L — Q — ],
No
By

Plerrorlpz. = Q (\/%) , Plerror|p. =~ 20Q (\/M}) :

Lecture 2 - Slide 29
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Baseband data transmission - Demodulation for Miller
BIRZEIT UNIVERSITY

ECE

»Optimum Sequence Demodulation for Miller Signaling

= Sequence demodulation exploits memory in Miller modulation.
= Example: The four Miller signals have unit energy and the projections of the

received signals on to ¢,(t) and ¢,(t) are

{1 = 02,7V = —0a} {n = 102,78 = 0},

1 = 061,78 = 405}, {o(Y = —1.1,00" = 0.1}

___Choose Ly

#, ()

g2 [(?’{j) —8§{>)2 . (réj) _ 55))9] .

A
—
Rg

Distance squared

0—Ty, | Ty — 21y | 2Ty — 3T} | 31, — 41,

Transmitted signal

__Choose 8y
2]
T Chonsc iy

51 (t)
89 (t)
s3(t)

s4(?)

Choosc I+
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Baseband data transmission - Demodulation for Miller
| BIRZEIT UNIVERSITY

ECE

»Optimum Sequence Demodulation for Miller Signaling

= Sequence demodulation exploits memory in Miller modulation.
= Example: The four Miller signals have unit energy and the projections of the

received signals on to ¢,(t) and ¢,(t) are
[V = —0.2,8" = —0.4} P = 02,7 = 05},

{T?) — —0.61,7Y = +0.5} , {ﬁ‘” = —1.1,7 = +U.1}.

Transmitted signal Distance squared
0 —=Ty | Iy = 2T | 20y — 31y | 31y — 47,
s1(t) 1.6 1.28 2.8421 4.42
so(t) 2.0 3.28 0.6221 2.02
s3(t) 0.8 2.08 0.4021 0.02
34(t) 0.4 0.08 2.6221 2.42
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

»Optimum Sequence Demodulation for Miller Signaling
[V = —0.2,8" = —0.4} P = 02,7 = 05},

{1 = 0.6, = +0.5 ), {rf = —1.1,7{ = 0.1 |,

Transmitted signal Distance squared
0 —=Ty | Iy = 2T | 20y — 31y | 31y — 47,
s1(t) 1.6 1.26 2.8421 4.42
so(t) 2.0 3.28 0.6221 2.02
s3(t) 0.6 2.08 0.4021 0.02
34(t) 0.4 0.08 2.6221 2.42
5(1) 5 (0 50 5 (2
v v v
T, %
a T, ¢ 0 ! 0 f 0 T
-F - o -¥
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

»Optimum Sequence Demodulation for Miller Signaling

= Sequence demodulation exploits memory in Miller modulation.
= Example: The four Miller signals have unit energy and the projections of the

received signals on to ¢,(t) and ¢,(t) are

{’T‘gl) = —0.2,7

(1) _

—0.4} .J. {T?) — 02,7 = —0_8},

{T?) — —0.61,7Y = +0.5} , {ﬁ‘” = —1.1,7 = +U.1}.

Transmitted signal Distance squared
0 —=Ty | Iy = 2T | 20y — 31y | 31y — 47,
s1(t) 1.6 1.28 2.8421 4.42
so(t) 2.0 3.28 0.6221 2.02
s3(t) 0.8 2.08 0.4021 0.02
34(t) 0.4 0.08 2.6221 2.42

184(t), 84(2), s3(%), 83(¢)} is not a valid transmitted sequence!
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

»Optimum Sequence Demodulation for Miller Signaling

{1 =—0.2,7Y = —0a} { = +0.2,78” = 0},

{r?) = 0.61,7Y = +U.5} , {rf‘) — 11,78 = +0.1}.

5 niy 5 n 7Ty 5
B o= [ - SPde= 30 [ () - Sy(ePae
0 j=1 /-1
= (P -s) (9 - s)
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Baseband data transmission - Demodulation for Miller

» State Diagram

508
| S0
-V
Si(t)
50
Peerg”
v 1
\
1] 7 \
\
\
\4 5
14
S0

BIRZEIT UNIVERSITY
ECE

5(8
I!?.W

Vv

.,."‘:'I

P

o |
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE
» State Diagram 50
5(0 Yoery”
Yarg”
” V
Si(t)
D T, ! 5 A
/ 50
500 W W
Peerg® e
I S3(t) \\\ 500 4
i i \4 , e’ ?;
7 S,(t) 0
S, (1) D 7
50 ' v -V
fperg”
v 1 5(0
f \ s [ ]
0 5 \ Yepng® P
\ . S0
\4 50 0 3 ! 7
one” _y ; &
s
7 R ¢ -V
vl \
\
\ " 50D
\\ ' e Ying”
N S, (1) v
0 A
v i T
-V
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Baseband data transmission - Demodulation for Miller

5(0
» State Diagram
S5(t)
5(0 I ‘
P -
v Sl (t) / B
[i 7T ! S 509 .
%(() o ~ S i ?; 2 )
Py rere? Ll
, Sg (t) S N . . v Sl (t)
0 i \4 ) f— ; 1 ,
- S,(t) / o
5,(1) 120
T ! a0
' 0 ! ®
N 50 vl T S,(1)
’ ! \ ey’ v
\\ A 83 (t) / 0 L !
\4 50 7 - ‘ -
, Yone” v ~o - .
S, (1) / ~_ T
0 f \ ~o A 84 (t)
v | 50 - -
\ s
\ -V
\ ¥ “one” ’ Sl (t)
Y’ s AT
0 7 500
- N N ’ Pone”
heY n Sz(t)

0

I

BIRZEIT UNIVERSITY
ECE

5(8
I!?.W

=
=3

g."‘a

P

o |
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

» State Diagram

5(9 500 50

T "o T ¥ one” I N
V v

T L
7 T - 3 - 0 i
I -V
.¥nptit it
1/5,(0) /58
Output signal

0/ s, (6)

ECE

=
ey |

© Dr. Mohammad Jubran Modern Communication Systems, ENEE3306

Lecture 2 - Slide 38



Baseband data transmission - Demodulation for Miller

» Trellis Diagram

Bit Sequence

—
5 ()

5

States <

5

5(1)
_

1/5,(8)

Input bit
1/5,(0)

Output signal

/s, (D)

-— e e Input bits]

1

i

i

~02, -04

n
+02, -08  -61, +0.5

(2] I,iE3J , 1533

BIRZEIT UNIVERSITY
ECE
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY
ECE

» Viterbi Algorithm
= Step 1: Start from the initial state (s,(t) in our case).
= Step 2: In each bit interval, calculate the branch metric, which is the distance
squared between the received signal in that interval with the signal
corresponding to each possible branch. Add this branch metric to the previous
metrics to get the partial path metric for each partial path up to that bit interval.
= Step 3: If there are two partial paths entering the same state, discard the one
that has a larger partial path metric and call the remaining path the survivor.
= Step 4: Extend only the survivor paths to the next interval. Repeat Steps 2 to

4 till the end of the sequence.
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

» Viterbi Algorithm

= Example: The four Miller signals have unit energy and the projections of the
received signals on to ¢,(t) and ¢,(t) are

{1V =—02,7Y =—0a} {rf = +0.2,7" = —0s},

{7 = —0.61,78" = +051, [ = —1.1,20Y = 0.1 .

Input it

Y
1/5,(8)

N

Qutput signal

1/5,(8)

0/ s,(D
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

> Viterbi Algorithm
{1V =—02,7Y =—0a} {rf = +0.2,7" = —0s},
{7 = —0.61,78" = +051, [ = —1.1,20Y = 0.1 .
—> &2 =(8u 1) +(8, -1 f =(-1+02) +(0+0.4f =064+0.16=028
—> &2 0 =(u-10f +(S, 1] =(0+0.2F +(1+0.4f =0.04+1.96=2.0
S,(t)

Input bit

1/5,(8) /s (D
N S;(t) @
Output signal N
., » \ 2.0
\State SZ(t) .
0/ s, ()
5,() @
{= O t= Tb
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Baseband data transmission Demodulation for Miller

ECE
» Viterbi Algorithm
Transmitted signal Distance squared
W _ 4o D @ _ @ _

(1) =—02,7" =—0a} {+{ = +0.2,7 = —0s}, P e e o iy
(17 = 061, = 105} o = 11,7 = o], s1(2) L6 1.28 2.8421 4.42

s2(2) 2.0 3.8 0.6221 2.02

s3(t) 0.8 2.08 0.4021 0.02

s4(2) 0.4 0.08 26221 2.42

. 0.8+1.28=2.08 . Tnput bit
1/ 5(0) I/5(0)
AN
2+2.08=4.08 Output signal
. N
tate
S,(t) @ « O
~ \ 0/.33 (5
S o ) L0.8+0.08=0.88
~
~

S,() @ @  2+0.08-2.08 3\.
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Baseband data transmission - Demodulation for Miller

ECE
» Viterbi Algorithm Input bi
2T, 375 | veg
(1) =—02,7" =—0a} {+{ = +0.2,7 = —0s}, 28421 Output sigaal
0.6221
(17 = 061, = 105} o = 11,7 = o], 0.4091
2.6221 State
0/ s,()

0.88+ 2.8421=3.7221
2.08+ 2.8421=4.9221

;) @ :
t=0 t=T, t=2T, t=3T,
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

» Viterbi Algorithm

Innut bit

2T, 375 | veg
(1) =—02,7" =—0a} {+{ = +0.2,7 = —0s}, 28421 Output sigaal
06221
(17 = 061, = 105} o = 11,7 = o], 0.4091
2.6221 State
0/ s,()

0.8+2=2.08 . ZW

2+2.08=4.08

S,(t) @ . _->0®

5.0 @ O P2 4
t=0 t=T, t=2T, t=3T,
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Baseband data transmission - Demodulation for Miller

ECE
» Viterbi Algorithm Input bi
2T, 375 | veg
(1) =—02,7" =—0a} {+{ = +0.2,7 = —0s}, 28421 Output sigaal
0.6221
(17 = 061, = 105} o = 11,7 = o], 0.4091
2.6221 State
0/ s,()

6.9221

. 0.8+2=2.08 3.7221

2+2.08=4.08

2.4821

S, (t) % 1.2821

S,t) @
t=0 t="T, t=2T, t=3T,
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

» Viterbi Algorithm

Innut bit

2T, 375 | veg
(1) =—02,7" =—0a} {+{ = +0.2,7 = —0s}, 28421 Output sigaal
06221
(17 = 061, = 105} o = 11,7 = o], 0.4091
2.6221 State
0/ s,()

e3%1

. 0.8+2=2.08 3.7221

2+2.08=4.08

2.4821

S, (t) % 1.5021

S,t) @
t=0 t="T, t=2T, t=3T,
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

» Viterbi Algorithm Input bi
e Y50
AN
Output signal
[ =—02,7Y =—0a} {r{? = 402, = —0}, 3T, - 4T
142
{1 = 061,08 = 40.5 ) {o{? = —1.1,n(Y = +0.1}. 505 | e
0.02
— 2@ o500
3.7221
O 0.8+2=2.08 @
2.4821
2+2.08=4.08 %
_ 1.5021
,(t) @ ®

* \ 0.88 \ §7021
S.(t) @ ® 3 @ O
(-0 (=T (= 2T, t=3T, t=4T,
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

» Viterbi Algorithm Input bi
V58
™
Output signal
[ =—02,7Y =—0a} {r{? = 402, = —0}, 3T, > 4T3
1.42
{1 = 061,08 = 40.5 ) {o{? = —1.1,n(Y = +0.1}. 505 | e
0.02
2.42 Y50
3.7221 6.9021

. 0.8+2=2.08

2+2.08=4.08

S,(t) @

S.(t) @ O n
(=0 =T, t=2T t=3T, t=4T,

© Or. Mohammad Jubran Modern Communication Systems, ENEFE3306 Lecture 2 - Slide 49



Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

» Viterbi Algorithm Input bi
Vs(o
N
Output signal
[ =—02,7Y =—0a} {r{? = 402, = —0}, 3T, - 4T
442
{1 = 061,08 = 40.5 ) {o{? = —1.1,n(Y = +0.1}. 505 | e
0.02
~ 242 | Rk

3.7221 6.9021
. 0.8+2=2.08

S3 (t) . 2+2.08=4.08
\
S,(t) o N g S
\ ’ 2\ ) ;\*
A \ §.7021 N 3922
S,() @ ® @ ‘9
(_ 0 (=T, t=2T, t=3T, t=4T,
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Baseband data transmission - Demodulation for Miller

BIRZEIT UNIVERSITY

ECE

» Viterbi Algorithm
Solution: the transmitted signal with the minimum probability of error according to
viterbi decoding algorithm is (Survival Path) 0110 = (S;5(t), S,(t), S,(t), S5(t))

3.7221 6.9021

0.8+2=2.08 . . .

S,(1) O

2.4821
S,(t) @ 2+2.08=4.08 ® O
\
2.0 N 1.5021 5.7421
S,(t) @ o O . ©® _7® @)
1
N\ §g.zz.tz P ” 6.7021 3.9221
50 @ O o’ O O
t=0 t=T, t=2T, t=3T, t=4T,
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Baseband data transmission - Performance Comparison Miller Demodulation

BIRZEIT UNIVERSITY
ECE

» Symbol-by-Symbol vs. Sequence Demodulation

10" ¢ ! ! ! !

—— Symbol-by—symbol demodulation (analytical result)| *

- | = — —Sequence demodulation (simul ation result)

ID | | | 1 | |
0 2 4 i) 8 10 12 14

EbeD (dB)

2 dB gain at the error probability of 1072 and 0.5 dB at 107°.
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Baseband data transmission - Differential NRZ-L Modulation

BIRZEIT UNIVERSITY

ECE

» In differential modulation, the signal transmitted in one bit interval is relative to
the one transmitted in the previous interval.
= |f the present bit is a “1”, then transmit a level that is opposite to that of the
previous interval.

= |f the present bit is a “0”, then stay at the same level.

r . T '
b, : Exclusive-OR : d=h®d, | ez Transmitted

Meodulator signal s.(f)

|
|
|
: dj{ -1
|
|

Bifferential Encoder

» Ifb,=1thend, = b, @ dr_1 =1D dy_1 = dy_1 implying a level change
and if b, =0thend, = b, @ dr_1 = 0D di_q = dy_, which means no level
change.
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Baseband data transmission - Differential NRZ-L Modulation

BIRZEIT UNIVERSITY

ECE

A

i
<
+
bﬁ
SN
L
¥
\/

r(t)=s.{H)+w(t) I N
[ (»)de —c«M 0

z LY
k Delay i
/T, T
Differential Decoder
= f
0 1,

> First determine d, and call this estimate ak.
> To recover by, note thatd, @d, , =b, ®d,_,®d,_, =b,
» The receiver uses ak_l instead of d, ;.

> If ak Is in error, there will be two errors in the sequence {Bk}.
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