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ABSTRACT 

Degrouping is the key component in MPEG Layer 
I1 audio decoding. It mainly contains the arithmetic 
qperations of division and modulo, which requires lot- 
s of hardware and computation time. In this paper, 
we propose a novel degrouping algorithm with a low 
complexity design concept. By using mode selection 
and iterative decomposition, only the addition and sub- 
traction are needed. The elimination of the multiplier, 
divider and ROM table can therefore extremely saves 
a lot of chip area, but still keeps the high efficiency 
without loss of any accuracy. 

1. INTRODUCTION 

The MPEG audio coding standard is the international 
standard for the compression of digital audio signal- 
s [I], [2]. It can be applied both for audiovisual and 
audio-only applications to significantly reduce the re- 
quirements of transmission bandwidth and data storage 
with low distortion. No matter what is the MPEG-I or 
MPEG-I1 standard, the MPEG audio compression s- 
tandard defines threes layers of compression, Layer I, 
11, and 111. Each successive layer offers better compres- 
sion performance, but a t  a higher complexity and com- 
putation cost. In the official ISO/MPEG subject tests, 
Layer I1 codec shows an excellent performance of CD 
quality at  a 128 kbps per monophonic channel [3]. 

Within the Layer I1 decoding, degrouping is the key 
component which can recover the sample from a more 
compressed codeword. As will be described in more 
detail below, the arithmetic operations for degrouping 
mainly contains division and modulo. As the conven- 
tional methods, there have been executed the arith- 
metic operations by a general purpose DSP or ASP 
(audio signal processor) which have some division or 
modulo instructions [4], [5]. These designs basically im- 
plied either a divider directly, or a multiplier by finding 
the inverse of the divisor and multiplying the inverse 
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Algorithm DEGROUPING 
for (i = 0; i < 3; i + +) 

s[i] = c%nlewels; 
c = (int)c/nZewels; 
1 

where s[i] the reconstructed sample 
C the codeword 
nlewels the number of quantization 

Figure 1: Standard degrouping algorithm. 

by the dividend. These approaches increased the hard- 
ware complexity of the processor and the chip area. 

In the paper, we propose a novel MPEG degroup- 
ing process algorithm. Our approach relies on just only 
using the addition and subtraction instead of the tradi- 
tional division and modulo arithmetic operations with- 
out loss of accuracy. No any multiplier, divider and 
ROM table is needed in our design. 

2. MPEG DEGROUPING PROCESS 

The analysis of the arithmetic operation in MPEG Lay- 
er I1 is illustrated in Table 1. It contains the degroup- 
ing as an essential component. In MPEG audio de- 
coder, if the grouping is used, it is necessary to separate 
the combined sample code to the individual samples by 
degrouping. According the grouping equations in Ta- 
ble 2, the degrouping have to perform the division 
and modulo operations to separate the three separate 
samples. This process is supplied by MPEG standard 
algorithm as follows: 

3. PROPOSED ALGORITHM 

Let A and p are any two positive integers and A, p > 0. 
Then we can express A = p a  q + r .  Let p = F + 1, 



Table 1: Arithmetic operations in MPEG Layer I1 audio decoding. 

I Classification Function Operations 1 

Subband IPQMF 

Mode Quantization Equation 
(m) Level 

1 3 V, = 92 + 3y + x 
2 5 Vb = 252 + 5y + 3: 
3 9 V, = 812 + 9y + x 

Range of Number bits of 
V V 

0..26 5 
0..124 7 
0..728 10 

thec, 

A = ( 2 " + 1 ) . q + ~  
= 3 * q + r ,  m = l  
= 5 * q + r ,  m = 2  
= 9 . q + r ,  m =  3 (1) 

therefore m =1, 2, and 3 are mapping to the three 
modes for degrouping algorithm individually. A can be 
viewed as the codeword and r can be viewed as the 
reconstructed sample. 

From (l), then: 

A = ( 2 " * q + ~ )  

= ( ( 2 " + 1 ) . q l - - q l + ~ l )  

= ( ( 2 " + 1 ) . q 2 - q z + ~ z )  

((2" -I- 1) ' q 3  - q3 + r3) 

41 = (2".q2 +Tl) 

q2 = (2".43+T1) 
= 

q t - 1  = (2" ' q k  +Tk) 
= ( ( 2 " + 1 ) * q k - q k + T k )  

q k  = (2m * qk+l + f k + l )  

= ((2" + 1) .4k+l  - Qk+1+ %+1) (2) 

q k  Tk+l (3) 

Because q k  < 2", thus qk+1 = 0. Thus, 

From the recursive procedures of (2) and (3), we 
can proceed as follows: 

A = (2" + l ) . q l  --I  + r l  

= (2" + 1) * [q1 - q2 + q 3  - . . * +  ( - 1 ) k + 1  . Q k ]  + 
[TI - r 2  + r3 - . . . + ( - l ) k + 2  . r k + d  (4) 

Comparing between (1) and (4), we can get 

4' 
T' = r1 - T~ + T~ - . . + ( -1 )k+2  . Tk+l  (5) 

= 91 - q2 + q3 - * .  * + (-1)"l . q k  

Because 0 L ~ j  ~ 2 " - 1 , f o r j = 1 , 2 . . - k : + l , t h i s  
means q' and r' can be viewed as the temporal results 
which are not exactly equal to q and T respectively. 

Table 3 describes the fast calculation algorithm and 
the deviation range of q' and r'. The proposed algorith- 
m accomplishes division and modulo by processing the 
codeword A,  which can be viewed as a 2-tuple represen- 
tation of q, r .  Each intermediate operand, denoted as 
A >> m for convenience, is obtained by shifting right 
m bits and by dropping rightmost bits of A after each 
Shift. 

Figure 2 illustrates the proposed algorithm for cal- 
culating q' and T' of three modes. In addition to the 
fast calculation of q' and T ' ,  it is necessary to obtain 
the correct result T by getting the r' plus or minus with 
a value of a divisor in each mode. The deviation val- 
ue ber,ween q' and q is equal to one and necessary to 
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Modes 

mode 1 
(k = 4) 

mode 2 
(k = 3) 

mode 3 
(k = 3) 

be corrected plus or minus a value of one in all three 
modes. This implies just a little and regular correction 
must be performed to get the exactly right value of r ,  
q from r', q' respectively. 

Fast calculation method Deviation range 

q - 1 5  q'5 q +  1 

- 2 < r ' < 3  

q' = q1 - 42 + 43 - q4 

r' = r1 - r2 + r3 - r4 + rs 
= (a01 - (ai) + (4 - (03) + (04) 

q' = 41 - Q2 +q3 
(a6,05,04,03,02) - (as, 05 ,  04) + (as) 
rl - r2 + r3 - r4 
'I, 0 0 )  - (43, 0 2 )  + (45, "4) - (as) 

q' = 41 - q2 + q 3  

r1 - r2 + r3 - r4 
(a2,01,ao) - (QS,QI,~~) + (08,07,06) - (as) 

= (04,031 02,01) - (04, 03, UP), +(ad, 03) - (04) 

q - 1 5 q' I q + 1 = 

- 4 < r ' 5 6  r ' =  
- - 

q - 1 5  q'5 q +  1 = (-9 089 0 7 ,  as, 0 5 ,  04, 03) - (-, 0 5 ,  0 7 ,  06) + (-) 
-8 5 r' 5 14 

r ' =  
= 

4. DATA REORDERING SCHEME 

In order to reduce the hardware costs, we used the 
concept of data reordering to change the computation 
data flow. We computed the operands A and A >> 
2m and the associated arithmetic operation first, then 
computed the operands A >> m and A >> 3m and the 
associated arithmetic operation. In fact the result for 
A >> m plus A >> 3m is equal to the result for A plus 
A >> 2m by only shifting right m bits. This means 
the arithmetic operation for A >> m plus A >> 3m 
is trivial and can be removed. This data reordering 
scheme can reduce the arithmetic operations in saving 
of one subtractor chip area and described in Figure 3. 

5. COMPARISON AND RESULTS 

Our experiments attempted to cover the whole range 
of A of all three modes. For the sake of brevity, we on- 
ly present experimental data for mode 1 as illustrated 
in Figure 4. It graphically shows the deviation of q' 
with respect to q, and r' with respect to r. Most of the 
deviation value q' and r' are equal to q and r ,  respec- 
tively. Specifically, it shows each point with the value 
r' which is greater than 2 has the value of g' which is 
less than q. The point with the value P' which is less 
than 0 has the value of q' which is greater than q. All 
the differences between d and q just equal to one. 

6. CONCLUSIONS 

We have proposed a degrouping algorithm which relies 
on just only using the addition and subtraction instead 
of the traditional division and modulo arithmetic oper- 
ations. In addition, based on our proposed algorithm, 
a modified scheme of data reordering which can reduce 
the arithmetic operations in saving of one subtractor is 
also presented. 
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Figure 2: Graphical representation of proposed 
rithm for the fast calculating of q' and r'. 
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Figure 3: Data reordering scheme. 
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Figure 4: Experiment results of mode 1 for the devia- 
tion value of: (a) q' with respect to q, and (b) r' with 
respect, to r .  
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