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Lecture overview
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} Gaussian model of communication channel: 
} definition, channel capacity, 
} Frequency limited channels:

} Nyquist sampling theorem and 
} capacity of frequncy limited channels

} capacity of frequency non-limited channels



Information processing over communication channels
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X Y = h(X) + N

N noise distributed w.r.t. Gauss

h
Radio channel  for  

wireless communication
Rayleigh‘s  channel

čas čas



Gaussian  model of communication channel
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} Gaussian model of communication channel:

} There are numerous communication channels of this kind:
} Wired and wireless telefon connections,
} Satelite connections, ...

Zi is INDEPENDENT of Xi.

noise

input output+Xi

Zi

Yi



Gaussian  model of communication channel

UP FAMNITTeorija informacij5

} Is it possible that the capacity is infinite ?
YES, if no restrictions.

} If the noise variance of is 0,
we have ERROR-FREE transmission. Since X can take any real
value, the iput alphabe can be infinite. The capacity of such
channel is then infinite.

} If the noise variance of  is NOT 0 and the input values can take 
any real value (not limited in power), the kapaciteta of channel is 
infinite. 
IDEA: Distinguish input values properly so that the noise “cannot” 

affect the signals (no errors) 

+Xi

Zi

Yi



Gaussian  model of communication channel
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} NONE of the previous scenario is realistic !

} Commonly, the input is power limited and cannot have infinite energy 
(power). 

} This is moddeled as below so that avarage power of symbols x1, x2, . 
. . , xn (each having a power xi

2) 

} Example: radio and satelite connections 



Model of communication channel: Gaussian noise
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} The noise in a communication channels is caused by many different 
sources of noise. 

} Central limit theorem states: 
The sum of many random noise contributions behaves 
approximately as being distributed „normally“- N (0,σ2 )

} Therefore, we assume that the noise is a continuous random 
variable with normal distribution and the mean value 0 with non-
zero variance N (0,σ2 )



Definition of time –discrete Gaussian kommunication channel
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+Xi

Zi

Yi

Pencil



Example of using Gaussian communication channel
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Cumulative function for
normal distribution



Binary symmetric channel from Gaussian channel 
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} We have represented Gaussian channel as binary simmetric 
channel with probability of error Pe.

} Similarly, we can translate Gaussian channel with 4 input signals into
a discrete channel with 4 input symbols. 

} This is how some modulation schemes work in practice, thus 
transforming continuous channel into a discrete one. Then, we 
use the knowledge about discrete channels. 

}

Some information will be lost because of quantization. 



Probability mass distribution- reminder 
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Normal (Gaussian) distribution
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Diferential entropy - reminder 
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Differential  entropy for normal distribution - reminder
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} Probability mass distribution X ~ N(0, σ):

} Entropy:



Capacity of time-discrete Gaussian channel 
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Average power ≤ P +Xi

Zi

Yi

Gaussian noise 
with variance N



Coding for Gaussian  channel
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+Xi

Zi

Yicoding decodingW: 1 ... M Ŵ: 1 ... M



Probability of decoding error
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Coding rate
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Shannon result on coding of Gaussian channel
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Gaussian normal distributed noise with mean value 0 is the worst
possible case !!!!



Shannon result on coding of Gaussian  channel: proof 
(optional –similar to other cases) 
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} Skica dokaza:



Shannonov izrek o kodiranju Gaussovega kanala: dokaz 
(optional)
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} Skica dokaza:



Watter filling - introduction
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} Imagine the problem of bying gift items for Christmas !



Budget allocation problem
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Optimal solution – watter filling
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Application to parallel Gaussian channels
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Where do we find parallel channels ?
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Parallel independent Gaussian channels
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Channel capacity
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k



Water-filling solution
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Frequency limited Gaussian channels
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} Frequency limited  signal is a continous time function (not limited), 
with limits in frequency. 

} Example: speach signal (commonly placed between 300Hz and 4-
5KHZ)

time/amplitude time/frequency

Fourier
transformation



Frequency limited Gaussian channels
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} Example: radio connections, telephone lines



Frequency limited signals
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Fourier transformation

àFiltering of signal
using frequency range W 



Sampling of frequency limited signals - Nyquist
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sampling
values



Capacity of frequency limited Gaussian channels
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Pencil



Capacity of frequency limited Gaussian channels

UP FAMNITTeorija informacij36

bit per sample

Typewritten Text
discrete Gaussian channel

Typewritten Text
(capacity per sample of frequency limited Gaussian channel)

Typewritten Text
capacity of frequency 
limited Gaussian channel




Capacity of frequency non-limited Gaussian  channel 
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} Capacity of frequency limited Gaussian  channel :

} What happens in case

} Thus:  
} Capacity of frequency non-limited channel grows linearly with signal power. 



Example: wired connection and data transmission
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} Frequency range for xDSL technology 

Speach channel

upload channel

download channel

povzeto po B. Batagelj, ULJ, FE



Example: wired connection and data transmission
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Telephone modem uses the frequency range 

Hz 3400...Hz. 300=f
and requires signal to noise ratio (SNR) 35 dB.

W=3,1 kHz
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Example: ADSL upload
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ADSL modem has upload in frequency range

 kHz138... kHz.25=f
and requires SNR 35 dB.

W=113 kHz
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Example: ADSL download
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ADSL modem has download in frequency range   

1104kHz...138kHz.=f
and the request is that SNR is 35 dB.

W=966 kHz
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Spectral  efficiency 
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Spectral efficiency    
C/W

1900
telegraphy (ear
reception)

10 bit/s 500 Hz 0,02 bit/s/Hz

1950
Radio teleprinter 50 bit/s 250 Hz 0,2 bit/s/Hz

1990
GSM telephony 271 kbit/s 200 kHz 1,355 bit/s/Hz

1960
analog TV 100 Mbit/s 7 MHz 14 bit/s/Hz

today 0,3 ..... 10 bit/s/Hz

Satelite connections 1bit/s/Hz
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