
QUANTIZATION NOISE AND 
SIGNAL TO QUANTIZATION 

NOISE RATIO

In PCM



Signal to Quantization Noise Ratio

■ General equation for  Signal to Noise ratio =
𝑺𝒊𝒈𝒏𝒂𝒍 𝒑𝒐𝒘𝒆𝒓

𝑵𝒐𝒊𝒔𝒆 𝑷𝒐𝒘𝒆𝒓

■ Signal to Quantization Noise ratio =
𝑺

𝑵
= 

𝑺𝒊𝒈𝒏𝒂𝒍 𝒑𝒐𝒘𝒆𝒓

𝑬𝒓𝒓𝒐𝒓 𝑵𝒐𝒊𝒔𝒆 𝒑𝒐𝒘𝒆𝒓

■ To find above ratio, It is required to find a mathematical 

expression for both signal power and quantization – error 

power

■ If the Signal power , S denoted by P,

■ then it  required to find a mathematical expression for the 

quantization Noise power, N



Derivation equation for quantization Noise power

■ Because of quantization, inherent errors are introduced in the quantized signal, 

this error is called quantization error.

■ ɛ = Xq(nTs)  - X(nTs)

■ The  X(nTs) is continuous in amplitude in the range:    - xmax   to     Xmax

■ Total amplitude range become   xmax   - (- Xmax ) = 2 X max

■ If this amplitude range is divided int q levels of quantizer, then the step size δ is 

given by:             δ = ( xmax   - (- Xmax )) /q  = 2 X max /q

■ If the signal x(t) is normalized to minimum and maximum values equal to 1, then           

xmax  =  1    , - xmax  =  - 1

Therefore step size will be,                      δ = 2/q



continue

■ If step size δ  is sufficiently small, then it is  reasonable to 
assume that the quantization error ɛ will be uniformly 
distributed random variable.

■ The maximum will be ɛmax =
δ
𝟐

i.e.                                   -
δ
𝟐

≥  ɛmax ≥ 
δ
𝟐

■ Thus over the interval [-
δ
𝟐

,  
δ
𝟐

] quantization error is uniformly 

distributed random variable

















continue

if the destination signal power ‘P’ is normalized, i.e.          P ≤ 1

Then the signal to noise ratio is given as, 

S/N ≤ 3 x 2 2v  

Since xmax =1   and  P ≤ 1,  the signal to noise ratio given by above equation is 
normalized. 

Expressing the signal to noise ratio in decibels,

S/N dB  = 10 log 10  [S/N] dB              since power ratio 

≤ 10 log10 [3 x 22v] dB

≤ 10(log10 3 + 2v log10 2)

10(0.48 + 2v (0.30))  ≤                   

≤   ( 4.8 + 6v )

≤ ( 4.8 + 6 v )  dB             which is signal to noise ratio for normalized values 

power P and amplitude of input x(t)



Signal to noise Ratio in PCM - Equation
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