
6.300 Signal Processing
Week 3, Lecture A: 

Sampling and Aliasing

• Continuous signals → discrete signals

• Sampling effect

• Quantization effect

Lecture slides are available on CATSOOP:

https://sigproc.mit.edu/fall25

Quiz 1:
Tuesday September 30,
2-4pm 50-340 



Continuous and Discrete signals
Physical signals are often of continuous domain:
• continuous spatial coordinates (in meters) 
• continuous values

Computations manipulate functions of discrete domain: 
• discrete spatial coordinates (in pixels)
• discrete values



Today: from continuous to discrete signals

• Signal processing requires the operation: continuous → discrete
• Today: Understand the relationship between continuous signals to discrete signals.
• Question: How to convert continuous signals to discrete signals?

Sampling & Quantization



Sampling 

T T T T T T

T

T

T



Effect of sampling are easily heard

• How does sampling affect the information contained in a signal?

T



Effect of sampling are easily seen
Sampling images: original 4112 x 3088 



Effect of sampling are easily seen
Sampling images: undersample 2x



Effect of sampling are easily seen
Sampling images: undersample 8x



Effect of sampling are easily seen
Sampling images: undersample 16x



Effect of sampling are easily seen
Sampling images: undersample 32x

• Information loss
• Distortion



Effect of sampling



Effect of sampling



The artifacts of sampling in real life 

Loss of information Aliasing

When fps = rpm

https://www.youtube.com/watch?v=_xTjyV8F6XU



To mitigate artifacts, we need to understand sampling 



(nT)

0 T

What is sampling: 
• Continuous coordinate → discrete coordinate 
• Measuring the value every ∆Τ seconds

Parameters that matter here:



Let’s use sinusoids an example from CT to DT

(x10-3 sec)

𝑥 𝑡 = cos(𝜔𝑡) 𝑥[𝑛]  = cos(𝑛)

T

TTT

Question: what is the relationship between  and ? 



Check yourself

(x10-3 sec)

𝑥 𝑡 = cos(𝜔𝑡) 𝑥[𝑛]  = cos(𝑛)

Question: We have the CT signal shown on the left and its corresponding sampled DT signal shown 
on the right. What is the sampling rate fs ? 



Intro to aliasing

𝑥[𝑛]  = cos(𝑛)

❑ The same list of data can actually 
mean different DT signals! And can 
be used to obtain CT signals of 
different frequency! 



Intro to aliasing
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Intro to aliasing

𝑥[𝑛]  = cos(𝑛)

❑ The same list of data can actually 
mean different DT signals! And can 
be used to obtain CT signals of 
different frequency! 



Intro to aliasing

𝑥[𝑛]  = cos(𝑛)

Q: Why this can happen?

❑ The same list of data can actually 
mean different DT signals! And can 
be used to obtain CT signals of 
different frequency! 



Why aliasing can happen

𝑥[𝑛]  = cos(𝑛)v.s.𝑥 𝑡 = cos(𝜔𝑡)

cos((+ 2𝜋)𝑛) = cos(𝑛 + 2𝜋𝑛) = cos(𝑛) 

• Compared to CT signals: n is always an integer
• We only have values at integer multiples of   
• There are multiple  values that lead to the exact same 

set of discrete points
• Consequences

• This graph could be described by an infinite number of 
different  values

• Hence aliasing: the same signal can be described by 
different “names”.

Q: What happens when we increase 𝜔? Q: What happens when we increase :

The frequency of the sound increases as 𝜔 increases



Aliasing

Consider we obtained x1[n], x2[n], x3[n] by sampling from continuous time signals, if a sampling rate fs of 5000 Hz was 
used, what frequency ( or f) should the original continuous time signal has?

Participation question for Lecture



Base band

Multiple frequencies  that we could use to refer to this signal

We can remove the ambiguity of which frequency is represented by a set of 
samples by choosing the one in the range 0 ≤  ≤ π.

We call that range of frequencies the base band of frequencies, and the 
value of  that falls in that range is often referred to as the principle alias. 



Maximum Frequency

Why considering                        is important?  



Let’s compute maximum frequency: Nyquist frequency

nT,

T

T

2T

The Nyquist frequency is basically half the sampling rate.



• fs = 5.5kHz
• fs = 2.8kHz

No anti-aliasing with anti-aliasing

Aliasing and Anti-Aliasing

• If there are frequencies in the CT signal that are greater than the 
Nyquist frequency, they will alias to frequencies in the base band (that 
really don’t have anything to do with the original frequency!)

• Anti-aliasing to prevent distortions: remove frequencies above Nyquist 
frequency before sampling so that they won’t alias into the base band

T
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Quantization



Check yourself



16 bits/sample 3 bits/sample 2 bits/sample

Quantization Demonstration in Music



Quantization of Images
Lecture 1B 

downsampled: 512 x 384

downsampled: 256 x 192 downsampled: 128 x 96

downsampled: 1024 x 768

downsampled: 64 x 48



16 bits/sample 3 bits/sample 2 bits/sample

Quantization and Dithering

With Dithering With Dithering

Dithering: add a small amount of random noise before quantization, which actually makes the quantization 
error less correlated with the signal, producing more “natural” noise instead of distortion. 



Summary

• Converting continuous time signals into discrete signals
➢Sampling

➢Quantization

• Important new concepts:
➢Sampling rate (sampling frequency) fs

➢Base band, Nyquist frequency

➢Aliasing and Anti-aliasing

➢Dithering

For recitation:

• If the 1st letter of your kerberos is in the range of a-j, please go to: 4-370

• Otherwise, please go to: 4-237


	Slide 1: 6.300 Signal Processing
	Slide 2: Continuous and Discrete signals
	Slide 3: Today: from continuous to discrete signals
	Slide 4: Sampling 
	Slide 5: Effect of sampling are easily heard
	Slide 6: Effect of sampling are easily seen
	Slide 7: Effect of sampling are easily seen
	Slide 8: Effect of sampling are easily seen
	Slide 9: Effect of sampling are easily seen
	Slide 10: Effect of sampling are easily seen
	Slide 11: Effect of sampling
	Slide 12: Effect of sampling
	Slide 13: The artifacts of sampling in real life 
	Slide 14: To mitigate artifacts, we need to understand sampling 
	Slide 15: Let’s use sinusoids an example from CT to DT
	Slide 16: Check yourself
	Slide 17: Intro to aliasing
	Slide 18: Intro to aliasing
	Slide 19: Intro to aliasing
	Slide 20: Intro to aliasing
	Slide 21: Why aliasing can happen
	Slide 22: Aliasing
	Slide 23: Base band
	Slide 24: Maximum Frequency
	Slide 25: Let’s compute maximum frequency: Nyquist frequency
	Slide 26: Aliasing and Anti-Aliasing
	Slide 27: Quantization
	Slide 28: Check yourself
	Slide 29: Quantization Demonstration in Music
	Slide 30: Quantization of Images
	Slide 31: Quantization and Dithering
	Slide 32: Summary

