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Capacity of Binary Symmetric Channel

® Statistics of BSC channel for uniform input distribution

1
XO I_Pe YO Pr {XQ} = Pr {Xl} = 5
P
e 1—-P, forpu=v
L Pri¥i | X} = {P for pn # v
X, — Y, ; H
-P, .
Pr {Y()} = Pr {Yl} = 5
® Mutual information of BSC
1 1
Cpsc = 2-(1-P.)- 5 - log 2(1-P.)|+2-P.- 5 - log (2P.)

= (1-P.)- [1 + log, (1 — Pe)} + P, - [1 + logZ(Pe)}
= 14+ (1—P,) logy(1—P.)+ P.-logy(P,)
= 1-— Hy(P.)
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Capacity of Binary Symmetric Channel

® Mutual information of BSC and different statistics of input signal
1 . ‘
\ —— PriX,} =0. /
0.8l — Pr{Xx,;} =03 /|
T \\ — Pr{X,} =05 //
0.6
Cp,) \\ //
0.4} / /
\k A//
\ /
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® Capacity of BSC for uniform input distribution
Cpsc =14+ P, -logy(P.) + (1 — P.) -logy(1 — P.) =1 — Hy(P,)

September 2010 © 2009 UNIVERSITAT ROSTOCK | FAKULTAT INFORMATIK UND ELEKTROTECHNIK  Volker Kiihn - One Lesson of Information Theory



Universitat (
Rostock *©

Institut fur //-N-T\\

Traditio et Innovatio Nachrichtentechnik  -HH—HHH}H

\
Binary Symmetric Erasure Channel (BSEC)

® Quantization parameter a has to be optimized with respect to channel capacity C
® Optimal choice depends on signal-to-noise-ratio Es/NO

1-P,-P,
XO YO
P, P>Y,
X, [-P-P, Y,

X, =+1

A
0
v
v

Y Y, Y,

Cpsec = 1—P,+ P, logy(P.)+(1—P.—P,)-log,(1—P.—P,)—(1—P,)-log,(1—F,)
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Capacity of AWGN Channel

® Additive White Gaussian Noise Channel

n € N(0,0%)

r € N(0,0%) 4NV, > yeN(0,0%)
® Differential entropy of Gaussian random process
r 1
h(X) =~ [ px(€) logy px(§)dé = 3 - logs (2mec})

® Capacity of AWGN channel
C = h(Y)—hY|X)=hr(Y) - h(N)

1 1 1
3 -log, [2me(o% +ox)] — 3 logy (2meoyy) = 2 log, (1+ o /o)
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Channel Capacity of BPSK and AWGN

® Influence of quantization

~
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Ultimate Communication Limit

® Energy per information bit: £, =E,/C = E =C"-E,

® Capacity of 1-D AWGN channel 1
1 E /
| E, T /
— Z.] 14+20C - =2
5 0go ( + NO) 0.6 /

O
04 /

® Minimum signal to noise ratio - /
E, 22¢ 1 ,

NO 2C C—0

~ —1.59 dB 0
-2 -1 0 1 2

E,/N,indB —
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Thanks for your attention!
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