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time signals
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Chap 6 Sampling of continuous-
time signals

• 6.1 Ideal periodic sampling of continuous-time signals
• 6.2 Reconstruction of a bandlimited signal from samples
• 6.3 The effect of undersampling: aliasing
• 6.4 Discrete-time processing of continuous-time signals
• 6.5 Practical sampling and reconstruction
• 6.6 Sampling of bandpass signals
• 6.7 Image sampling and reconstruction
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Periodic sampling of continuous-time 
signals
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Many continuous-time signals could lead to the 
same sampled discrete-time signal
=> Non-invertible?



Frequency-domain relationship
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Aliasing

BandwidthInterpretation of 
uniform sampling
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Sampling frequency ≥ Nyquist rate

Nyquist frequency = Folding frequency



Reconstruction from discrete-time 
signals
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We can fully recover a bandlimited signal 
based on sampling theorem.
=> How to do it? Ideal vs. practical?



Ideal bandlimited interpolator
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Periodic sampling vs. Bandlimited reconstruction
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Aliasing example due to undersampling (1/3)
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Aliasing example due to undersampling (2/3)
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Aliasing example due to undersampling (3/3)
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Discrete-time filtering of 
continuous-time signals
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Constraints:
• Ideal ADC and DAC
• Bandlimited processing



Example of ideal bandlimited differentiator
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Bandlimited differentiator

Discrete filter



Example of second-order system (1/2)
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Continuous system

Discrete filter

Non-bandlimited

Discrete sampling 
(impulse-invariance transformation)



Example of second-order system (2/2)
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Z transform

Difference equation

Example



Practical discrete-time processing of 
continuous signals
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Main differences from ideal processing:
• Practical signals are time-limited, thus not bandlimited => Need analog antialiasing pre-filtering
• Impulse sampling is not practical for ADC => Use sample-and-hold circuits instead
• Discrete signal values are quantized => Need to consider quantization noise
• Ideal interpolator (sinc) is not practical for DAC => Use S/H reconstruction



Sample-and-hold circuits for ADC
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Quantization of ADC converter
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Quantization error

Quantization step



Quantization Noise
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Quantization error power
(assume error is uniformly distributed)

Signal power
(assume sinusoidal signals)

Signal-to-quantization-noise-ratio

(one additional bit adds 6dB)



S/H reconstruction
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S/H amplifier

Reconstruction filter
(anti-imaging and equalization)



Frequency domain of S/H reconstruction
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Example of S/H 
reconstruction
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Sampling of bandpass signals
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Sufficient sampling rate 
for perfect reconstruction

Ideal bandpass 
interpolator



2-D transform for image processing
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2D CTFT

2D sampling

2D DTFT



2-D sampling theorem
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Bandlimited signal

Sampling frequency



Moiré pattern due to aliasing

EE3660 Intro to DSP, Spring 2020 276.7



Tradeoff between resolution and aliasing
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