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Deterministic and Random Signals 

A signal x(t) is DETERMINISTIC if it is a known function of t,  

that is, given t, the value of x(t) is exactly known a priori.   

For instance, the values of x(t)=cos(2 t) are known for each t.  

 

A signal x(t) is a RANDOM PROCESS if, given a time t,  

the value of x(t) can be only characterized statistically,  

i.e. it is a random variable which is characterized by some probability density 

function.  

 

An example of a random process is the thermal noise in electronic devices.  

 

The value of this signal is not known «a priori» but it can be known only when it 

has been measured.  
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Deterministic and Random Signals 

Example of Random Process: Thermal Noise 

Let us consider the weak electric voltage at both ends of a resistor.  

 

It is a function of time and it is caused by the chaotic movements of electrons due 

to the temperature that is not the absolute zero.  

 

Once I have measured the voltage we get  the following signal V1(t) 

 

 

 

 

 

 

 

which can be considered deterministic (after it has been measured).  

V1(t) 
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Deterministic and Random Signals 

Example of Random Process: Thermal Noise 

 

Let us take another resistor that is identical to the first one, same temperature, we 

make another measurements and we get another evolution over time of the 

voltage,let us call it V2(t). I get another time evolution even if I use the same resistor 

but 10 minutes later!!!!  

 

 

 

 

 

 

 

 

 

 

 

 

V2(t) has similar characteristics but is different from V1(t) as electrons move 

randomly, and an independent way, in the two resistors or in the same resistors but 

later in time! 

V2(t) 

V1(t) 

V2(t) 
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Deterministic and Random Signals 

Example of Random Process: Thermal Noise 

 

To design an electronic device taking into account this noise, does it help to know 

the time evolution of V1(t) or V2(t) knowing that if I use another resistor (even if 

identical) the time evolution is different? NO! 

 

What is is useful is to describe the features of the noise voltage that are COMMON 

to all resistors that are identical and that are at the same temperature.  

 

In this way, if I use this type of resistor (and at a given temperature) inside a device, 

I can say, for instance, what is the probability to get a given voltage within a range 

of values, or what is the noise power.  

 

Therefore, with random process we must use the «tools» provided by the 

probability theory.  
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Random Processes 

About a random process, it is useful to know the characteristics that are 

common to all sample functions.  

 

A random process is COMPLETELY described by its joint probability density 

functions of all orders and for any time instants.  

 

Often, this information is not available and from some type of random process 

it is enough to know only low order probability density functions.  

 

More often, for describing a random process it is used the probability density 

function (pdf) of its amplitudes and the autocorrelation (and in some specific 

random process, these two information are enough!).  
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Random Processes 

t1 t2 t3 
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Random Processes 

of of the uniform 

distribution 

between (-p,p) 
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Random Processes 
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Random Processes 
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Averaging the resul over all positive values of T, we get 

It is a WSS random process 
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Random Processes through n LTI system 

Expected value 𝜇𝑦 𝑡 = 𝐸 𝑦(𝑡) =  ℎ 𝜏 𝐸 𝑥(𝑡 − 𝜏) 𝑑𝜏 = 𝜇𝑥𝐻(0)
∞

−∞
 

Stationary random process 

𝑦 𝑡 =  ℎ 𝜏 𝑥 𝑡 − 𝜏 𝑑𝜏
∞

−∞

 

𝜇𝑥 

𝑅𝑦 𝑡, 𝜏 = 𝐸  ℎ 𝜏1 𝑥(𝑡 − 𝜏1) 𝑑𝜏1 ℎ 𝜏2 𝑥(𝑡 − 𝜏2) 𝑑𝜏2 = 

𝑦(𝑡) 𝑦(𝑣) 

=  ℎ 𝜏1  ℎ 𝜏2 𝐸 𝑥 𝑡 − 𝜏1 𝑥(𝑣 − 𝜏2) 𝑑𝜏1𝑑𝜏 2   

𝑅𝑥 𝑡 − 𝜏1 − 𝑣 + 𝜏2 = 𝑅𝑥 𝜏 − 𝜏1 + 𝜏2          

𝜏 = 𝑡 − 𝑣 

It does not depend on t 

The output is a STATIONARY random process 
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Random Processes through n LTI system 

Stationary random process 

𝑦 𝑡 =  ℎ 𝜏 𝑥 𝑡 − 𝜏 𝑑𝜏
∞

−∞

 

𝑆𝑦 𝑓 =  𝑑𝑓  ℎ(𝜏1) ℎ(𝜏2) 𝑅𝑥 𝜏 − 𝜏1 + 𝜏2 𝑒−𝑖2𝜋𝑓𝜏𝑑𝜏 

𝜏0 = 𝜏 − 𝜏1 − 𝜏2 

 𝑑𝑓  ℎ 𝜏1  ℎ 𝜏2 𝑅𝑥(𝜏0) 𝑒
−𝑖2𝜋𝑓(𝜏0+𝜏1−𝜏2)𝑑𝜏0 = 

 ℎ(𝜏1)𝑒
−𝑖2𝜋𝑓𝜏1𝑑𝜏1 ℎ(𝜏2)𝑒

+𝑖2𝜋𝑓𝜏2𝑑𝜏2 𝑅𝑥(𝜏0)𝑒
−𝑖2𝜋𝑓𝜏0𝑑𝜏0 = 

𝐻 𝑓 𝐻∗ 𝑓 𝑆𝑥 𝑓 = 𝐻(𝑓) 2𝑆𝑥 𝑓  
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Ergodicity 

Time average over an 

observation interval T 
It is a random varialbe 

Being the random process 

stationary 

The stationary random 

process is ERGODIC if it 

verifies the conditions: 


