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Signal 
Processing 



What is a signal? 

  A signal is a phenomenon evolving over time 
or space. 

  Any time-varying or spatial-varying quantity, 
i.e. any quantity measurable through time or 
over space. 

  Examples: 
 Sounds 
  Images 
 Text messages 



Signal Processing 

  Signal processing is any manual or mechanical 
operation which modifies, analyzes or otherwise 
manipulates the information contained in a signal. 

  Signal processing operates on an abstract representation of a 
physical quantity and not on the quantity itself. 

  Signal transmission is the process of sending and 
receiving information through signals.  



Types of Signal Processing 

  In Digital Signal Processing, everything is 
described in terms of integers, regardless of 
the signal’s origin.   



Primitive Digital Signal Processing 

  Palermo Stone: 
  Egypt, 2500 BC 
  Nile flooding patterns recorded  
through use of “nilometers” 

 Very accurate 
 Considered first recorded digital signal 
that is still relevant today 

  Limited in applicability 



Analog Signal Processing 
  The Analog (continuum) world model is the idea that time and 

space are an uninterrupted flow which can be divided arbitrarily 
many times into arbitrarily and infinitely many pieces. 

  Pythagoras discovers existence of irrational numbers 
  Idea of the continuum 

  The analog signals can be understood as continuous functions 

  Analog signals are often natural or physical phenomena such as: 
  Sound waves 
  Light waves 
  Temperature 
  Current or Voltage 



Quiz: Analog vs Digital 

Digital Analog 



Quiz: Analog vs Digital 



A telephone uses BOTH analog 
and digital signals! 



A telephone uses BOTH analog 
and digital signals! 

The analog 
signal (voice) 
is turned into 
digital signal 

The digital signal is 
then reconstructed 
into sound waves.   



Zeno’s Paradox 

  The dichotomy paradox – can you ever get out the 
door? 

  Highlights the gap between the digital and analog 
views of the world. 





Discrete Time Sampling 
  We gather data through sampling - measuring the 

quantity of interest at regular intervals.  

  Sampling is done by:  
  Measuring machines 
  Humans 

  But these can never take infinite amount of samples in a 
finite interval (remember Zeno?) 

  Analog phenomenon is continuous whereas digital is 
discrete… So how do we bridge this gap? 



Continuous vs. Discrete 
Continuous Discrete 

  



Bridging Gap between Discrete and 
Continuous 
    



Equivalence representation 
  If our physical phenomenon “doesn’t change too fast,” then we 

can conclude that the continuous-time function and the set of 
samples are perfectly equivalent representations. 

  This equivalence only holds for signals which are sufficiently 
slow with respect to how fast we sample them. This is good 
because we prefer the signals to be slow to avoid any 
“craziness” between successive samples.  

  Thus, the analog and the digital world can perfectly coexist! 



Signal Transmission using 
Power Series 

    



    



Restrictions 

    



  
    

The reconstructed signal is closer to the 

original when we send the larger 

coefficients.  



Frames 
Or 

Bases? 

Which is better… 



Frames in Quantization 
  Quantization is the process of mapping a large set of input 

values to a smaller set , in doing so there will be loss of 
precision.  

  Suppose we are sending a signal using the Mercedes-Benz frame, 
and suppose we perturb our frame coefficients by adding in white 
noise, wi with expected value of 0 and variance of σ2 

  With this noise factoring into the accuracy of our signal 
transmission, we want to consider the error introduced to the 
reconstruction due to the noise. 

  We can do this using this equation: 



Frames in Quantization 

Error in reconstruction of the 
signal with the introduction of 

noise 

Noise factor 

Reconstruction of x 
using the Mercedes-

Benz frame 

Reconstruction of x when 
considering the noise factor 



Frames in Quantization 

  Simplified version of error: 

  Using this equation, we can find the average error per 
component to compare to the error we get from using an 
orthonormal basis to transmit our signal. 



Frames Win! 

 Clearly we can see that by using a frame 
as opposed to an orthonormal basis, there 
is less possibility of error in reconstruction. 
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