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CELP: Code excited linear predictor  

CELP coding is to represent the residual after both long-term (pitch period) and short-term (vocal 

tract) prediction on each frame by an optimally selected codeword from a codebook. 2𝑀  possible 

sequence are systematically passed through the combined synthesis filter, the vector that produces 

the lowest error is the desired sequence and is then scaled by its gain. The codebook can either be 

deterministic, i.e., derived from an appropriate training set of residual error vectors, or stochastic, 

i.e., generated randomly from white Gaussian random numbers with unit variance. Stochastic 

codebooks are motivated by the observation that the cumulative amplitude distribution of the 

residual from the long-term pitch predictor output is roughly identical to a Gaussian distribution 

function with the same mean and variance.  

 

An M-bit codebook has 2M codewords (Typically M =10) 

 

 

Encoder 

Steps 

A frame of speech sample is buffered and a set of LPC coefficients are computed.  The codebook 

vector is scaled by the LPC gain estimate, yielding the error signal 𝑒 𝑛  . The error signal 𝑒 𝑛  is used 

to excite the long-term pitch predictor and then the short-term vocal tract predictor yielding the 

estimate of the speech signal, 𝑥  𝑛  for the current codebook vector. Pitch filters delay and 

associated scaling factor are calculated. This calculation is performed in such a way that the 

difference between the synthetically generated speech and original signal is minimized. Best 

secondary excitation is determined to minimize the difference between synthetically generated 

speech and original speech. The signal, 𝑑 𝑛  is generated as the difference between the speech 

signal, 𝑥 𝑛  and the estimated speech signal, 𝑥  𝑛   the difference signal is weighted and the resulting 

mean squared error is calculated. 

Since pitch can change more frequently the pitch delay is updated more frequently than the LPC. 

The above process is repeated for 2M codebook vectors, and the codebook vector yielding the 

minimum mean-squared error is chosen as the best representation of the residual. 
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The above steps are iterated for each of the frames. 

The estimated speech signal is further processed by an adaptive post-filter whose function is to 

enhance the formant regions of the speech signal, and thus to improve the overall quality of the 

synthetic speech. 

LPC parameters and codebook indices are transmitted. 

 

Decoder 

Note that synthetic speech is generated at both the encoder and decoder. LPC parameters and code 

book indices are received. In the synthesis (decoder), the initial conditions (i.e. memory) of the filters 

are restored and the synthetic speech is generated by filtering the scaled optimum codebook 

sequence through the filters without any perceptual weightage. 

 


