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Review Probabilitas dan Statistik

• Normal Distribution: Completely characterized by mean () and variance (2)
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Gaussian: Rapidly Dropping Tail Probability!
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Review Probabilitas dan Statistik

• Normal Distribution: Completely characterized by 
mean (=0) and variance (2=1)

• Q-function: one-sided tail of normal pdf

• erfc(): two-sided tail. 

• So: 

4
Modul 10 - Siskom I - Probabilitas Error

Gaussian/Normal
pN(y)

-4 -3 -2 -1 0 1 2 3 4
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

N(=0,=1)

z

p ( y > z ) =



Standardize the Normal Distribution
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Example P(X  8)

X = 5

 = 10

8
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PERTANYAAN ! Luas daerah yang diarsir = 0.3821 = Q(??); ?? = 0.3



Q-function: 
Tail of Normal 
Distribution

Q(z) = P(Z > z) = 1 – P[Z < z]
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Tabel
Q-function



Baseband Digital Transmission Link
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Sinyal Terima + AWGN
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original message
d(t)

received wave 
y(t)=d(t)+n(t)



AWGN

◼ n(t) = gaussian noise dengan zero-mean

◼ σ = standar deviasi = tegangan effektive noise

Modul 10 - Siskom I - Probabilitas Error
11



v (volt)

)(vpN

0

n(t) 

dalam volt

t

P.d.f

( ) 







−=

2

2

2
exp

2

1



v
vpN



Gangguan Noise Terhadap Sinyal Digital
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Signal kirim

Sinyal dengan AWGN
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Determining Decision Threshold
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Channel noise is Gaussian with the pdf:

Transmitted ‘0’

but detected as ‘1’
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Error rate and Q-function
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Baseband Binary Error Rate 
in Terms of Pulse Shape and S/N
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setting V=0 yields then

for polar, rectangular NRZ [-A,A] bits

Signal power:

Note that (BW pulse shapping filter)

Probability of occurrence
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When p0 = p1 =1/2, the value of V that minimizes the probability of error is V = 0.
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Classification of signals

• Deterministic and random signals
• Deterministic signal: No uncertainty with respect to 
the signal value at any time.

• Random signal: Some degree of uncertainty in signal 
values before it actually occurs.

• Thermal noise in electronic circuits due to the random 
movement of electrons

• Reflection of radio waves from different layers of 
ionosphere
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Classification of signals …

• Periodic and non-periodic signals

• Analog and discrete signals

A discrete signal

Analog signals

A non-periodic signalA periodic signal
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Classification of signals ..

• Energy and power signals
• A signal is an energy signal if, and only if, it has nonzero but finite 

energy for all time:

• A signal is a power signal if, and only if, it has finite but nonzero 
power for all time:

• General rule: Periodic and random signals are power signals. Signals that are 
both deterministic and non-periodic are energy signals.
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Random process
• A random process is a collection of time functions, or signals, 

corresponding to various outcomes of a random experiment. For each 
outcome, there exists a deterministic function, which is called a sample 
function or a realization.

Sample functions
or realizations
(deterministic

function)

Random 
variables
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Random process …
• Strictly stationary: If none of the statistics of the random process are 

affected by a shift in the time origin.

• Wide sense stationary (WSS): If the mean and autocorrelation function 
do not change with a shift in the origin time. 

• Cyclostationary: If the mean and autocorrelation function are periodic in 
time.

• Ergodic process: A random process is ergodic in mean and 
autocorrelation, if 

and                                         

, respectively.
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Autocorrelation
• Autocorrelation of an energy signal

• Autocorrelation of a power signal

• For a periodic signal:

• Autocorrelation of a random signal

• For a WSS process: 

22
Modul 10 - Siskom I - Probabilitas Error



Spectral density

• Energy signals:

• Energy spectral density (ESD): 

• Power signals:

• Power spectral density (PSD): 

• Random process:
• Power spectral density (PSD): 
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Properties of an autocorrelation function 

• For real-valued (and WSS in case of  random 
signals):

1. Autocorrelation and spectral density form a Fourier 
transform pair.

2. Autocorrelation is symmetric around zero.

3. Its maximum value occurs at the origin.

4. Its value at the origin is equal to the average power 
or energy.
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Noise in communication systems
◼ Thermal noise is described by a zero-mean Gaussian random process, 

n(t).

◼ Its PSD is flat, hence, it is called white noise.

[w/Hz]

Probability density function

Power spectral 
density

Autocorrelation 
function
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Signal transmission 
through linear systems

• Deterministic signals:

• Random signals:

• Ideal distortionless transmission:
All the frequency components of the signal not only arrive with an identical time 
delay, but also are amplified or attenuated equally. 

Input Output

Linear system
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Signal transmission … - cont’d
• Ideal filters:

• Realizable filters:
RC filters                   Butterworth filter

High-pass

Low-pass

Band-pass

Non-causal!
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Bandwidth of signal
• Baseband versus bandpass:

• Bandwidth dilemma:
• Bandlimited signals are not realizable!

• Realizable signals have infinite bandwidth!

Baseband 
signal

Bandpass 
signal

Local oscillator
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Bandwidth of signal – cont’d
• Different definition of bandwidth:
a) Half-power bandwidth
b) Noise equivalent bandwidth
c) Null-to-null bandwidth

d) Fractional power containment bandwidth
e) Bounded power spectral density
f) Absolute bandwidth

(a)

(b)

(c)

(d)

(e)50dB
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End of Module 10


