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Abstract
This work, shows the implementation of a CORDIC architecture based in FPGA,
applied to the logarithm calculus for mel-cepstral parameters extraction in an
automatic speech recognition system.
1. Introduction
Comparative studies have shown that in the most of operation modes of speech
recognition systems, the mel-cepstra parameters produce the best recognition rates. In figure
1, the mel-cepstra parameters extraction is shown.

Figure 1 – Mel-cepstra parameters extraction.
The Fast Fourier Transform (FFT) is used to obtain the signal spectral energy [RAB
78]. In the sequence, spectral energy is filtered by a triangular filters bank and the logarithm
function is applied to the result. Finally, the Discrete Cosine Transform (DCT) is used to
generate a mel-cepstra parameters vector of the speech signal [GOM 01].
In this work, the CORDIC algorithm (Coordinate Rotation Digital Computer) [VOL
59] is used to implement the logarithm function. In the next sections, such implementation is
shown.
2. CORDIC Algorithm
By means of the CORDIC algorithm, a vector ( x0 , y 0 ) is rotated through an angle
(rotation mode) or it is aproximated to the coordinate axis (vectoring mode).
These operations could be performed in linear, circular, and hyperbolic coordinate
systems, but only the hyperbolic coordinate system is considered here. The algorithm is
based on rotations over known elementary angles ( arctgh(2 −i ) in hyperbolic coordinates),
stored in a table.
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The basic iteration or microrotation in hyperbolic coordinates is described by the
following mathematical equations:
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where ( x 0 , y 0 ) are the initial coordinates of the vector and the z coordinate accumulates the
angle. The coefficient δi specifies the direction of each microrotation.
CORDIC has a convergence domain limited by [− π 2 , π 2], due to use of 2 0 for the
hyperbolic tangent in the first iteration [WAL 71][AND 96][EDW 96]. For numbers out of
this interval, CORDIC is applied to the scaled value. The relation between arctangent and
natural logarithm is:
 β −1 

ln( β ) = 2 ⋅ arctgh ⋅ 
(2)
 β +1
Owing to the divergence of hyperbolic arctangent in the singular point 1, the interval
for the value should be 0.5 ≤ β < 1 . Then, values in 1 < β < 0 .5 are multiplied or divided by 2
until the rule above is satisfied. In analytic form:

ln( β ) = ln( β ' ⋅ 2 n ) = ln( β ' ) + n ⋅ ln(2)

(3)

where n may be a positive, zero or negative integer number, when β < 0 . 5 , 0 .5 ≤ β < 1 or
β > 1 , respectively.
3. FPGA Implementation
The system proposed is composed by two processing stages. Initially, the input value is
analyzed and, if necessary, the scaling process is performed. Next, the CORDIC algorithm of
the residual value is computed, and its result is added with the radix from the scaling stage
(see figure 2).

Figure 2 – The Logarithm processor.
In figure 3, the datapath of the scaling block is shown.
In the beginning, the multiplexor Mux_Load receive the initial value sending it to the
combinational component named Analyze, which decide the necessity of shift left
(multiplication by 2), or right (division by 2). If necessary, the value is passed to the D_Mux,
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configuring the scaling operation and storing the result in the register named Acc_PValue. In
the same time, the partials adds of ln(2) are computed. The final result β’ is sent to CORDIC
block, to compute the first term of (3), while the value n ⋅ Ln(2) is stored in the Acc register
(see figure 2), for future processing.
In figure 4, the CORDIC architecture developed is shown.
In the first moment, the β’ value is loaded with ‘1’ (selected by P multiplexers) by the
L multiplexers, executing an addition or subtraction and storing the values in its registers.
Next, the algorithm for logarithm computation is executed and the final value Ln( β ' ) is
added to the previous number obtained by scaling. It was used fixed point representation,
with 16 bits precision and two’s complement, where 10 bits are dedicated for the integer part
and 6 bits for the decimal part. All the system was tested by comparison of results from
Maxplus II and Matlab tools. Table 1 shows the results of hardware implementation
simulation. The processor was synthesized in a EPF10K30ETC144-1 device of FLEX10K
family

Figure 3 – Scaling Hardware.
4. Conclusion
The CORDIC is a versatile algorithm that, with the flexibility of VHDL description
and the potential of FPGA based systems, allows the development of efficient circuits for
many proposes.
The goal is to use this processor for mel-cepstra parameters extraction of voice signals,
in an automatic speech recognition system.
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Table 1 – Hardware implementation results
Device

EPF10K30ETC144-1

Input

Output

Bidir

Pins

Pins

Pins

20

17

0

Memory Bits %

Memory

LC’s

Utilized
128

0%

650

LC´s

Clock Frequency

(% Utilized)

(MHz)

37%

28.73

Figure 4 – CORDIC Implementation.
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