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Abstract— The modified discrete cosine transforms (MDCT) and its inverse (IMDCT) has become important for audio codec. 
MDCT/IMDCT algorithms are widely applied to realize the analysis/synthesis filter banks of the time-domain aliasing cancellation scheme 
for sub band coding in various audio standards. The inverse modified discrete cosine transform (IMDCT) is the most computational 
intensive operations in the MPEG audio decoding standard. Efficient algorithms for realizing the IMDCT become very important in decoding 
process. This paper presents a novel and efficient algorithm for computation of Inverse modified Discrete Cosine Transform (IMDCT) with 
block size N=12 and 36 points is proposed based on type IV DCT and type II DCT, which improves the efficiency of computation. Firstly 
IMDCT with block size N is converted into type IV DCT, which is further transformed into DCT II with block size N/4. Comparison of the 
computational complexity with some known algorithms shows that the proposed new approach reduces the number of arithmetic 
operations significantly such as number Multiplications and Additions. 

Index Terms— Modified Discrete Cosine Transform (MDCT), Inverse Modified Discrete Cosine Transform (IMDCT), type IV Discrete 
Cosine Transform (DCT-IV), type II Discrete Cosine Transform (DCT-II).  

——————————      ——————————

1 INTRODUCTION 
ecent developments of multimedia and communication 
techniques are rapidly growing. Multimedia systems, 
which include the video, audio, dynamic picture, image 

and speech, provide a good environment for people’s media 
exchange and storage. Digital compression of audio signals is 
widely used in many applications such as transmission speech 
in the mobile phone, storing music in the memory of MP3 
audio music players etc. Typical audio compression schemes 
are MPEG-1 audio layer III (MP3), MPEG-2 Advanced Audio 
Coding (AAC), MPEG-4, ATRAC1/ATRAC2 and many 
others. Most of these audio compression schemes adopted the 
Modified Discrete Cosine Transform (MDCT) and its inverse 
Transform (IMDCT). The MDCT and MDST are employed in 
the sub-band/transform coding schemes as the 
analysis/synthesis filter bank based on time domain aliasing 
cancellation (TDAC). The MDCT is the basic processing 
component for high quality audio compression in typical 
audio standards. The forward and inverse MDCT are two of 
the most computationally intensive operations in the well-
known audio coding schemes/standards. 
 
In the past, many fast algorithms have been reported in the 

literature for computing the MDCT and IMDCT. These 
algorithms can generally be categorized into two kinds: direct 
method and indirect method. The term of indirect method 
means that the MDCT or IMDCT is first converted into other 
unitary transforms such as discrete Fourier transform (DFT) or 
discrete cosine transform (DCT), and the latter transforms are 
then calculated by a fast algorithm. These algorithms generally 
lead to the parallel-in and parallel-out architecture [7, 8, 9, 13]. 
This is the most widely used technique for the efficient 
implementation of both MDCT and IMDCT. For example, by 
decomposing the MDCT kernel and using the symmetry 
property of cosine function [5,7] presented an efficient MDCT 
algorithm that is composed of pre-processing (data shifts, 
differential calculation, and complex pre-multiplication), an 
N/2-point FFT, followed by complex post-multiplications. In 
[7], [9], [11] proposed an efficient approach for implementing 
the MDCT and IMDCT based on the N/4-point DCT/DST and 
the corresponding N/4–point IDCT/IDST. By using a matrix 
representation [5] presented a systematic method for realizing 
the MDCT and IMDCT. A fast algorithm based on the DCT for 
computing the MDCT and IMDCT is presented [13]. However, 
a common drawback of the FFT-based method is the need for 
complex arithmetic and storage of complex values. The 
disadvantage of the DCT-based method is generally the 
introduction of recursive structure, which is not suitable for 
parallel implementation [12]. The direct method for efficiently 
calculating the MDCT and IMDCT is mainly based on the use 
of a regressive formula. In [4], [6] proposed a regressive 
algorithm, which can be implemented by parallel VLSI filters. 
This algorithm was further improved in [1], [2], [20]. These 
regressive algorithms in general emphasize on the merits of 
serial-in and serial-out structures [5], [12]. 
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Therefore, efficient algorithms for the MDCT and IMDCT are 
of prime importance in audio coding and decoding process. 
Based on subband analysis/synthesis approaches [1]–[4], [7], 
[12], [17] the modified discrete cosine transforms (MDCT or 
forward MDCT) and its inverse MDCT or backward MDCT) 
have extensively been adopted in various audio codec 
standards [1], [2], [11], [17], [18]. The latest standards adopt a 
larger transform size, e.g., N= 12 and 36 in MPEG-1 Audio 
Layer 3 (MP3) [1, 13, 18].  

This paper is organized as follows. In Section 2, we introduce 
the definitions and some properties of the MDCT and IMDCT. 
Section 3 describes the fast algorithm for the efficient 
computation of MDCT/IMDCT. The results and analysis of the 
computational complexity and comparison of the proposed 
algorithm with some existing ones are given in Section 4. 
Section 5 concludes this paper. 

2 DEFINITION OF MDCT /IMDCT AND PROPERTIES 
N-point MDCT and N/2-point IMDCT computations are 
respectively defined as 

X(k) = � x(n) cos�
�2n+1+N2�(2k+1)π

2N
�

𝑁−1

𝑛=0

                             (1) 

𝑓𝑜𝑟 𝑘 = 0, 1, .  .  .  ,𝑁 2� − 1. 

x�(n) = � X(k) cos�
�2n+1+N2�(2k+1)π

2N
�

N
2−1

        k=0

                    (2)       

𝑓𝑜𝑟 𝑛 = 0, 1, .  .  .  ,𝑁 − 1. 

The input sequence x(n)  in equation (1) is assumed to be 
windowed by the sine windowing function before its 
transformation. MDCT is equivalent to the modulated lapped 
transform. x�(n)  in equation (2) represents the time domain 
aliased data sequence recovered by the Inverse or backward 
MDCT (IMDCT) block transform which does not correspond 
to original data sequence  x(n).  

The 36-IMDCT that produces 36 output values from 18 input 
values. These samples are multiplied with a 36-point window 
before it can be used by the next step in the decoding process. The 
window to use is based on the block type that can be found in the 
side information. Producing 36 samples from 18 frequency lines 
means that only 18 of the samples are unique. So the IMDCT use 
a 50% overlaps. The 36 values from the windowing are divided 
into two groups, a low group and a high group, containing 18 
values each. Overlapping is performed by adding values from the 
lower group with corresponding values from the higher group 
from the previous frame. 

In case of long blocks the IMDCT generates an output values 
for every 18 input values which produces 36 output values. In case 
of short blocks three transforms are performed which produces 12 
output values each. The vectors are windowed and overlapped 
with each other. Concatenation 6 zeros on both ends of the 
resulting vector gives a vector a vector of length 36, which is 
processed like the output of a long transform  

3 FAST ALGORITHM FOR MDCT/IMDCT COMPUTATION 

3.1 Realization of MDCT/IMDCT  
In this section, we describe fast computation of MDCT by 

decomposing N-point MDCT into two MDCT of length N/4. 
Then IMDCT algorithm can be obtained by simply reversing 
last N/4 point input and then performing N/4-point IDCT-II. 
From this section window length is assumed to be divisible by 
4, i.e.  𝑁̀ = 𝑁/4. 

A new universal fast rotation-based MDCT computational 
structure based on fast rotation-based DCT-IV computational 
structure is described in [15]: 

The data sequence 𝑦𝑛 in forward MDCT computation is 
given by,  

𝑦𝑁
4� +1= 𝑋𝑛−𝑋𝑁

2� −1−𝑛
 ,                                                            (4a) 

𝑦𝑁
4� −1−𝑛= −𝑋𝑁

2� +𝑛− 𝑋𝑁−1−𝑛 ,   𝑓𝑜𝑟 𝑛 = 0, 1, .  .  .  ,𝑁 4� − 1      (4b)  

The Jacobi rotations for 𝑁 4�  block length is given by  

an = yncos π
2N

(2n + 1) + yN
2−1−n

sin π
2N

(2n + 1),              (5a) 

bn = −ynsin π
2N

(2n + 1) + yN
2−1−n

cos π
2N

(2n + 1),          (5b) 

                                                𝑓𝑜𝑟 𝑛 = 0, 1, .  .  .  ,𝑁 4� − 1 

The fast rotation-based IMDCT computational structure for k 
odd/even and specifically for 𝑁̀ = 𝑁/4 is defined as, 

y�2k = ���an + aN
4−1−n

� cosφk,n + �bn + bN
4−1−n

� sinφk,n�

N�
2−1

n=0
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Where 𝜑𝑘,𝑛 = 𝜋
2𝑁̀

(2𝑛 + 1)𝑘,         𝑓𝑜𝑟 𝑛 = 0, 1, .  .  .  ,𝑁 4� − 1. 

𝑓𝑜𝑟 𝑘 =  1, .  .  .  ,𝑁 4� − 1. 

For k=0, the coefficients 𝑦�0 and 𝑦�𝑁
2−1

 are given by 

𝑦�0 = 𝑎(𝑁̀−1)
2

+ ∑ �𝑎𝑛 + 𝑎𝑁
4−1−𝑛
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3.2 Implementation of IMDCT basic block 
Since for MP3 N = 12 or 36, input sequence 𝑋𝑘 to the IMDCT 
block will be {𝑋0, 𝑋1, . . . ,  𝑋𝑁

2� −1} as shown in Fig.1.  

 

Fig. 1. Architecture of N/2-point IMDCT using two N/4-point DCT-II 

The output of leftmost shuffel and/or combine and rotation 
block  is calculated by equation (5). By using equation (6) and 
equation (7) compute the values of 𝑦�𝑁

2�
. The time domain 

aliased data sequence x�(n) in inverse MDCT(IMDCT) can be 
recovered by using fllowing equations: 

𝑥̅𝑛 = 𝑦𝑁
4+𝑛

                                                                                      (8a) 

𝑥̅𝑁
2−1−𝑛

= −𝑦𝑁
4+𝑛

                                                                            (8b) 

𝑥̅𝑁
2+𝑛

= −𝑦𝑁
4−1−𝑛

                                                                            (8c) 

𝑥̅𝑁−1−𝑛 = −𝑦𝑁
4−1−𝑛

                                                                        (8d)         

𝑓𝑜𝑟 𝑛 = 0, 1, .  .  .  ,𝑁 4� − 1 

3.3 DCT-IV based IMDCT implementation for N=36 
Based on complete equations (5)-(7) the DCT-IV based 
computational structure IMDCT is calculated. Signal graph for 
computation of IMDCT for N=36 is shown in Fig. 2. 

 

Fig. 2. Signal graph for efficient computation of IMDCT for N=36.   

Once the values of  y�n is calculated, by using equation (8) 36-
point IMDCT values can be obtained for y�n. Similar procedure 
is been used for N=12.  The resulting computational 
complexity for block size N=12 is 11 multiplications and 18 
additions and for block size N=36 is 43 multiplications and 102 
additions as shown in Table I. Plot of frequency spectrum for 
standard test input to MP3 decoder according to MPEG 
compliance specification with frequency range from 20Hz to 
22 KHz is shown in Fig. 3. For standard input error that 
obtained in IMDCT values by fast computation method is 
9.926167E-23 to 0.0000 when compared with direct method. 
The RMS level of the difference signal and Maximum absolute 
value of the difference signal is calculated as [20]: 

𝑅𝑀𝑆 𝑜𝑓 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑠𝑖𝑔𝑛𝑎𝑙 = �1
N

(∑ (ti − ri)2)N
i=1                        (9) 

𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑠𝑖𝑔𝑛𝑎𝑙 = |𝑡𝑖 − 𝑟𝑖|                                     (10)      

Where, ti is the ith output sample from the decoder under test,  
ri is the ith sample from reference output and N is the number 
of samples. 
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4 RESULTS 

TABLE I.  COMPARISON OF EFFICIENT IMPLEMENTATIONS OF THE 
IMDCT BLOCK TRANSFORMS IN MP3 IN TERMS OF THE ARITHMETIC 
COMPLEXITY. 

IMDCT algorithm N=12 Points N=36 points 

Britanak’s 11M    +  21A    + 2S 43M     +  129A    + 6S 

DIT Mixed radix 15M    +  29A    + 2S 67M     +  147A    + 6S 

Improved DIF 
mixed radix 

21M    +  43A   +  4S 110M   +  213A    + 24S 

Lee’s algorithm 11M    +  23A   + 2S 43M     +   115A   + 6S 

Truong’s 11M    +  23A   + 2S 43M     +   115A   + 6S 

Radix-3 20M    +  42A  84M     +   174A 

Our Algorithm 11M +    18A  + 2S 43M     +   102A    + 4S 

M-real Multiplications, A-real Additions, S-Shift. 

 

 

Fig. 3a. Frequency specturm plot for standard  test input to the MP3 
Decoder according to MPEG Compliance specifications. 

 

Fig. 3b. Encoded MP3 file for standard  test input to the MP3 Decoder 
frequency ranging from 10Hz to 22KHz according to MPEG Compliance 

specifications[20]. 

 

Fig. 3a. MP3 decoder output for standard test input using by direct 
computation method. 

 

Fig. 3b. MP3 decoder output for standard test input using by using Fast 
Computation method. 

Fig. 3a shows the frequency spectrum of standard  test input 
to the MP3 Decoder with frequency range from 10Hz to 
22KHz according to MPEG Compliance specifications[20]. 
Encoded MP3 file for standard test input of Fig. 3a  is shown 
in Fig. 3b. Output of the decoder for standard test input is 
shown in Fig. 4. By comparing Fig. 4a and Fig. 4b it shows that 
output of the MP3 decoder by using fast algorithm approach 
is same as that of direct method. RMS and absolute difference 
signal is zero is calculated by equation (9) and (10) 
respectively, for standard input sine sweep signal to the MP3 
decoder which satisfies MPEG audio decoder compliance 
criteria [20]. 

5 CONCLUSION 
The New computational Structures identical for an 

efficient implementation of both forward modified discrete 
cosine transforms (MDCT) and its inverse (IMDCT) has 
been described. They are based on fast rotation-based 
MDCT computational structure. For the short and long 
audio block it is shown that our Algorithm implementation 
for MP3 can be modified and achieves less arithmetic 
complexity as shown in Table 1. The time required for 
execution of our algorithm is reduced to 35% when 
compared to direct method and it satisfies MPEG MP3 
decoder compliance specifications 
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