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signal x(t) xQ(nT )

ADC

x(t) x̂( t) = x (nT )

Analog to Digital Conversion
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Q = R
2B

Quantization Resolution

B 2B

R

bits quantization levels
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Quantization Levels: SNR

B 2Bbits quantization levels

2B = R
Q (range / level)

range

SNR = 20log10( RQ) = 6B dB

20 log102
B = B⋅20 log102 = 6B dB
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e (nT ) = xQ(nT ) − x (nT )

Quantization Error

Quantization Error

e = xQ − x −Q2 ≤ e ≤ +Q2

p (e)
1
Q

+Q
2−Q

2

ē = 1
Q ∫

−Q/2

+Q/2

e d e = 0

ē2 = 1
Q ∫

−Q /2

+Q /2

e2 d e = [ e33 ]−Q /2

+Q /2

= Q2

12

e rms = √ ē2 = Q
√12

Q

xQ(nT )

x (nT )
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A Quantizer Model

  

Bandlimited
Analog signal 

Quantized
signal x( t) xQ(nT )

ADC

x̂(t) = x (nT )

T

sampler quantizer

B bits / sample

Analog to Digital Conversion

ADC

quantizer

x (nT )
σe
2 = E [e2(n)] = Q2

12
xQ(nT )

Ree(k ) = E [e (n+k )e (n)] = σe
2δ(k )

Rex(k ) = E [e (n+k )x (n)] = 0

e (nT )
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