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Transmissio de dades

El sistema de transmision de datos

Pulse Amplitude M odulation (PAM)
+¥
X (t)= & a,p(t- nT)

n=-¥

b bits = log,M
M posibles smbolos ?2
M=2
1.
r== [simbolos/seg]
r, = rb [bits/ seg]
Ry x, (t+t,t) = E{x; (t +t )x; (1)} : cicloestacionario

R, ) =2 & Ru (R, (¢ - 1)

n=-¥
+¥ 2
SMMU):Hﬁ&&¢»=é.&Ame“”E%QL
n=-¥
m, = E{a,}
aﬂ ° A’] + ma

apr U] P(f > ¥
u T° ey

_é%
SxTth (f) - éa. RAA
Eh=-¥

(8 a[n] estadisticamente independientes

+¥
Sy (1) =rs ZIP()[F +r% [m, [ @ [P(kr) [ d(f - kr)

(b) a[n] estadisticamente independientes y media nula
S, (F)=rs Z|P(F)[°
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X (O petanr = a P, (KT - nT) +w(t) =a,p, (0) + a P, (k- MT) +w(t)

n=-¥ ntk

sefial rui do

P () © pr (1) * by () * he () * e (1)
w(t) © n(t) * he (t)

Condicion no | Sl. Teorema de Nyquist

ll o
kT <> r g P(f - kr)=cte
p(kT) = ,Ok 0 k‘l( )

Teoriadeladecision

Suponemos que no hay 11, y que trabajamos, pues, con pulsos ideales.
= y(kT) =a, +wW(kT)

P, =P, =P(e|1)P(T) + P(e[0)P(0)
P, = BERU lossimbolos son binarios
H, =0,H, =1 hipbtesis

P. = P(e|Hy)P(H,) + P(e| Hl)P(Hl)

+¥

P(e|H,) = of m, (Y [ Hp)dy = of (y+ )dy




Transmissio de dades

1 _
géptima p E Pe(g) =0

Fym, (Y ITHQ)P(HQ) = f (YIH)P(H,) |

A _ A
(@ +3)P(H) = f,(- D)P(H))

1w?

: . 1 252
s f, (w) » Gaussiana(0,s ,,°), f,, (W) =———e **v
w (W) ( ), fu (W) T 2
L g s2 P(H)
P Q(x)° ¢ e 2" gw b =-"Y|n L
Q( ) b /—a) gopt|ma A P(H 2)

S @n] esunav.a, entonces

f,(8) = P(Ho)d(a+2) + P(H.)d (a- )

s g=x+y,conxeyvas f (g9)=f(9)* f, (y)d x,y sonindep.

f,(y) = f.()* f.(y)

g+A/2 g- Al2

P(e[H,) =Q( ) P(e[H)=Q( )

w w

. A
sg=0pbP P, =
9 .= Qs

w
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Teoriade la detecciéon optima

P(f) o

opt|mo f —I
) nn(f)
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Sin(t) » AWGN, S (f):%p H.P™(f)=1p (td- t)

1 nn

s anomena Filtre Adaptat,i ésel detector Optim amb soroll gaussia

h, %™ (t) =ap” (td - 1)

A== PR -y
p N\ 2 p
OPOF d
¥

Sr () = E{|x()[?} =E{| § a,p(t- nT) |}

binari polar

ST:$OST(t)dt:rS§Ep = gl A2 7( 7) UEp—r—E -
(

A% | E,
2

E
By =ST= )

p
Sistemas multinivel

ay :{12,132 ,512 ..... +(M - 1)2} M simbolosequiprobables p(H;) —%

hr(t):ip*(td-t) _ W Ly
Ep mln{Pe}:a P(elHi)P(Hi):Ma P(e|H,)
foun, (YIH;) = f,(y- &) i=1 =
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extrems centrals Polsos de Nyquist
+¥ M 1 gi
2 q ~
P.= M P(e| H1)+ a P(e|H; )_7gOfW(y al)dy+7a @- gOfW(y a; )dy p(t) = sinc(rt) = Slr:)(rptrt) « P(H=TO) M)

.o~ o i = * ~ =0 3
P.(91,050Gw.1) P ﬂgﬂ’pe:o--,u f(@-2))= fw(@; - a, 1) P (1) ° P 0sinc(rt) « By (F) =PRy(1)* O (TF), Pe(F) =0" | f P BW
J BWN:%+BWB°%(1+b)

géptima:aj+l+aJ 0 ? P{Hi}:ﬁ BW
. 2 ff (W) = fyy (- W) bo 5 : factor de ROLL - OFF (%)
2M - 2 A P,
P, = — BER@—°— . . .
== m U W) log, M Ecualizacion
Igualacion (compensacion) del canal
E Canal: forzadores de ceros, s € ruido afecta poco alacalidad del sistema
E, ® N—b ® Governalaqualitat del sistema ‘| R 0 Canal + ruido: ecualizacion, forzadores de ceros.
o] . X+ X
.I. TAT
T Forzador de ceros
°S.T,°S; b QE{IX(t)I }dt
T o T_ T 1e£tatsmdependerts T T
* b log, M v
S(t) = ap(t - KT) + >
+¥ +¥ EA"
Es= OFELI SO Pyt = E{|a [’} OE(I p(t) Pt = E{ | a [} E, P ¢ 1
-¥ - PO O 0 |Cy donde hayamassefial
2
Eobs-M-lpe PR PW) 0 |G =
b 12 M '092 M PA P PEOIC,
_2M - 6Iog2 M
p= 22 ( ") N
c=pPh

Can =(PTP)'PT.1U MECM
El uso de forzadores de cero incrementa la pot
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Waveform coding

i.e:
Orthogonal signals Dataset Biorthogonal codeword set
1 RN 000 @ 0 0 0y
b = (i ®Os; (t)dt = _ Dataset Orthogonal codeword set 001 0 1 0 14
Eo 10 otherwise 00 @© 0 0 O 010 0 011
T, 01 .9 101 011 Hoo® 11 0l
E =y (Oat 10 270 0 1 1g 100 27811 19
o 11 © 1 1 0f 101 & 0 1 od
M-ary signaling 110 gl 10 OH
k bits 111 gL 0 0 1f
P 7 R
dk Transorthogonal (Simples) Codes
Orthogonal codes Results from deleteing the first digit of each orthogonal codeword.
Dataset Orthogonal codeword set
0 00 z; =d[i- j] i1z .
1 01 Zi={_- 1 it ] represents minimum energy
TmM-1
eH,; Hy .U K kE,
Hy =& Ckts P-(K) £ (2" - DQ( |2
<T8H, L il e (K) £( )Q( No)
Py(k) _ 2¢1 Typesof error control

Pe(k) 211 | N
Therminal connectivity

Siplox

Transmission is only on one direction

Biorthogonal codes

Biorthogonal signal set of M signals or codewords can be obtained from an
orthogonal set of M/2 signals. It consists of a combination of orthogona and antipodal

signals.
|1 1= Half-cuple

|
—éHk'lu =dli M U—I s il M Transmissionisin either direction but not
Bk—gﬁk . Zij—d[" J]'dg" il- ZH—_I_'1||' jl > smultaneously
1 0 otherwise
Full-duplex Terminal A [ >| Terminal B
Pk £ (2 - 2Q( Sy +q( |25 P @M k>3 P —— L
E N, No B 5 Trasmission in both directions simultaneously
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Automatic Repeat Request (ARQ methods) Binary Symmetric channel (BSC) “Hard Decisions’
P(0|) =P@|0)=p oo |25
Sop-and-wait ARQ = =1- NN
(half-duplex) Transmitter waits for an ACK or aNAK. PAID=POI0)=1-p No
Continuous ARQ with  When the transmitter recevices aNAK it also receivesin ) . L
pullback which transmission block was the error and restarts Gaussian Channel “Soft Decisions
(full-duplex) transmission from that transmission block. Discrete input
(z-w)?
Continuous ARQ with  Only the corrupted message is repeated. Continious output p(z|u,) = 1 e =°
selective repeat S2p
(full-duplex)

Code Rate and Redundancy

Source | k-bit data block n-bit data block
data Encoder
A reverse channel isnot available or the delay with ARQ would be

excessive. n-k bits: redundant bits, parity bits or check bits.
Theretransmission strategy is not conveniently implemented.

Forward Error Correction (FEC)

The expected number of errors, without corrections, would require
excessive retransmissions.

Structured sequences
Orthogonal coding techniques have inefficient use of bandwidth.

Channel Modes
Discrete Memory Less Channel (DMC)
P(jlIY1EiEM1E j£Q}
Discrete input al phabet i :modulator M - ary symbol
Discrete output alphabet j :demodulator Q - ary output symbol

Set of conditional probabilities
P(i | j) : prob.of receiving j given thati was transmitted.

Input sequenceU =uy,...,U,

2
P(Z|U) = P(z u
Output sequence”Z = z,...,Zy, (Z1V)= O P(zn 1 Ur)

n=1
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Fundanental s of Statistical Decision
Theory

Bayes’ Theorem

p(a|B) = ZEBIAPA)
P(B) P(s ) : apriori probability
P(Slz_):P(szs)P(s): P(z |S)P(S)  P(z |s):likelihood
j P(z;) éM:P(zj|sp)P(sp) P(s | z;) : aposteriori probability

M xed form
P(s |2 =PEISPE) - _PIS)P(S)
P(Z) o
a P(z]s,)P(s,)

p=1

z: continioussample

Deci si on theory

Z(T) =a,(T) +ny(T)
r(n) =a(n) +w(n)

MAP: arg max{ P(s | 2)} = arg, max{ P(z|5)P(s)}
M. arg, max{ P(z|s)}

Bi nary
MAP:  P{z|s}P{s} >P{z|s;}P{s,} P H
M.: P{z|s} >P{z|s;} P Hy

M.SE ( Maxi mum Li kel i hood Sequence Estimation)

M, :samplesbefore maximum
A M, : samplesafter maximum

N\ Lsymbolsp y(-M,)...y(L- 1- M)

yreceived (t)

Gaussi an Noi se:

Lapl aci an Noi se:

Jes(is Sanz Marcos Bandabase [

§ =arg, minl & (00 5(0)}
§ =arg, min{ & [y.09- 59

k=- M1
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Codificacion de la fuente

I(X,): autoinformacion X : simbolo H(X): entropl’adelafu::nte

1(X,) =~ log, p, PRDERE HEO=E1(X))) =- 4 pylog: b
Mipa P P(Xy,s Xy ) = él P(X,,)

Hy (X) = H(X)

Hu (X)connora < His (X s marena

Limites de la transmision de datos

Ancho de banda
Potencia de sefial
Complejidad
1948, Shannon C =Wlog,(1+ SNR) bps: capacidad
= \;v_t (bits/s/Hz) : eficiencia espectral
r,=rlog, M (bps)

n° desimbolos
PAM
alri 0 Y Yo
—> cc?rff?r::;%r 2’5&3 ' o hi‘(rgn];ielaltro _)/ to+nT
! yIn]
0 <[ deasion Je| MO

+¥

s(t) = & a(n)g(t- nT)

n=-¥

+¥
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r(t) =s(t)* h () +n(t) = § amg(t- nT)* h(t) +n(t)

y() =s(t)* he () * he (1) + n(t) * h; (t)

h(t) =n(®)* h; (1)

X(t) ° g(t)* h.(t) * h, (t) : respuestaimpul siond

n=-¥

X4 (£) © g(t) * h, (t) : respuestaimpulsiond dedisefio (canal ideal)

+¥

y(t) = § a(n)x(t- nT) +h(t)

n=-¥

+¥

y(t, +nT) = § a(m)x(t, +nT - mT) +h(t, +nT)

+¥

m=- ¥

y(n) = é_ a(mx(n- m)+h(n) =a(n)* x(n) +h(n)

m=-¥

z(n) =a(n)* h(n)
h(n) ° h, (n)* x(n)

Filtro frontal y filtro conformador

h(t) =n(®)* h; (1)

B’ (M) =22 GH (N F of =22 gh O F ot

h, (t) = g(t, - t):filtroadaptado

P SNR,, =

E{a*(n)}
No

2



