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EE16B
Designing Information 

Devices and Systems II
Lecture 11B

Sampling and Interpolation
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Polynomial Interpolation

• Given n distinct points, then there’s exist a 
unique (n-1) order polynomial passing through 
them
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Polynomial Interpolation

• Given n distinct points, then there’s exist a 
unique (n-1) order polynomial passing through 
them

“Vandermonde” Matrix
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Quiz

• What’s the polynomial that passes through 
these points:
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Polynomial Regression

• What is the “best” quadratic polynomial that passes through the points?
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Polynomial Regression

What is the “best” quadratic polynomial that passes through the points?



EE16B M. Lustig,  EECS UC Berkeley

Issue with Polynomial Interpolation
• Tend to be oscilatory in high order interp/regression
•  Not numerically stable! xn-1
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Example
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Commercial Break
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Interpolation with Basis Functions
Given, (xi,yi)    i=1,….n
Define a set of Cont. functions
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Interpolation with Basis Function
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Interpolation with Basis Function
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Interpolation with Basis Functions
• Interpolation:



EE16B M. Lustig,  EECS UC Berkeley

Interpolation with Basis Functions

• Guarenteed value of known points
• Control of continuous function behaviour 
between known points

• Often used for equispaced points
– Can use a single “kernel” and shift it to get a basis
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Equispaced Interpolation
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Kernel Interpolation, equispaced sampling

Define:
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Kernel Interpolation, equispaced sampling

Define:
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Example:
• Linear Interpolation
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Example:
• Zero-Order Hold 
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DAC — interpolation!

void setup(){
  //set digital pins 0-7 as outputs
  for (int i=0;i<8;i++){
    pinMode(i,OUTPUT);
  }
}

void loop(){
  PORTD = 0;//send (0/255)*5 = 0V out DAC
  delay(1);//wait 1ms
  PORTD = 127;//send (127/255)*5 = 2.5V out DAC
  delay(2);//wait 2ms
  PORTD = 51;//send (51/255)*5 = 1V out DAC
  delay(1);//wait 1ms
  PORTD = 255;//send (255/255)*5 = 5V out DAC
  delay(3);//wait 3ms
}
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Interpolating Seth

linearZero-order-hold
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Commercial Break
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What is common to all these logos?
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The sinc function

• Sinc:

1

1 2 3 4 5-1-2
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The sinc function

• Let 

then 

1

Δ 2Δ 3Δ 4Δ 5Δ-Δ-2
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The sinc function

• Let 

then 

Interpolation with sinc:
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The sinc function

• Let 

then 

Interpolation with sinc:

......



EE16B M. Lustig,  EECS UC Berkeley

Bandlimitedness

• The sinc function does not contain frequencies 
beyond a certain bandwidth

Sinc is an infinite sum of cosine functions with 
frequencies in the range
More in EE120, EE123! 
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Sampling and Recovey

• Due to Shanon – Nyquist 

Claude Shannon 1916-2001 Harry Nyquist 1889-1976

https://www.newyorker.com/tech/elements/claude-shannon-the-father-of-the-information-age-turns-1100100
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Sampling and Recovery

• Can we perfectly recover an analog signal from 
its samples?

Analog signal:

Sample:

Interpolate:
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Sampling a sinusoid

• What rate should you be sampling a sinusoid?
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Sampling Theorem
•  If f(x) is bandlimited by frequency wmax, then

As long as,

Proof: EE120, EE123
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Example 1

30
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Example 1
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Example 1
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Example 1
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Example 1
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Example 1
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Example 1
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Example 2

30
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Example 2

30
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Example 2

• Sinc interpolation gives:

30

Aliasing of high frequencies 
into lower ones!
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Aliasing and Phase Reversal

• Highest interpolated frequency will not be higher than π

If  π < w < 2π  and Δ=1, there’s an equivalent 
lower frequency signal with the same samples! 
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Example 2
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Example 3


