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Implementation of MP3 decoder with TMS320C541 DSP
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Abstract

MPEG-1 audio standard is the algorithm for the compression of high-quality digital audio signals. The standard
dictates the functions of encoder and decoder pair, and includes three different layers as the complexity and the
performance of the encoder and decoder. In this paper, we implemented the real-time system of MPEG-1 audio
layer III decoder(MP3) with the TMS320C541 fixed point DSP chip. MP3 algorithm uses psycho-acoustic
characteristic of human hearing system, and it reduces the amount of data with eliminating the signals hard to
be heard to the hearing system of human being. It is difficult to implement MP3 decoder with fixed point DSP
because of it's broad dynamic range. We implemented realtime system with fixed DSP chip by using weighted
loock-up tables to reduce the amount of calculation and solve the problem of broad dynamic range.
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Table 2. Table size for Frame Unpacking

dels &) e
putmask 9 9
bitrate 16 16
joint stereo table 4 4
scalefactor length 32 32
scalefactor band index 111 111
huffman decoder table 5,610 2,805
Al 5,782 2,977

X 3. 459 Aol HLg HolE A7)
Table 3. Table size for reconstruct

" o] & 2711 | Az
(=) | (85)
is¥? 16,384 | 16,384
gain 512 8
scale 76 4
is__ratio 64 64
cs 16 16
ca 16 16
inverse mdct 7}F& X 148 0
window A% 288 288
LPF A& 1,024 1,024
subband synthesis 7}& 3] 62 0
Al 18,590 | 17,804
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s} Zo]l 1 A7E 27MA A% E Uil EF 9113}

g9 o A% 3

long block, gain — 20.25*(global_gain-64) (5)

0.25*(global__gain-64-8*subblock__gain)

[\.]

short block, gain =

2] (5) ol A o9 AZIE  ALHEYE 7
global__gain®) 8H]E, subblock__gain®] 1H|EE =2}X| g0
2R EER @ 52949 AL A Z8% Hu
Holge A7|E 47 51292 F 7HAck gtk oldf, o] F
9] HlolE FEL T Y HFEJ gty AFPFH HIE
ZIRBEZ Hi HelE I7E 47MA ABHDILE £4
F Ah

long blOCk scale = 2 -0.5*({1+scalefac__scale)*(scalefac+preflag*pretab) )

short blOCk, scale = 2 -0.5*({1+scalefac__scale}*scalefac) (6)

21 (6)o) ztz} 1M EE A A3 scalefac__scale, preflag
9} pretab 2H]E, scalefac 4¥1EE YA uiF= AL
of 2% F 254 9 EE A ®HolE AV E AL

BE2old 7695, @ BEoA 649=7 Hes
ol Bl X e] A% o] AU HolE F
Ay AR we} AP WUSE /IAER FHa
olE A7E 27kX FUNE)LeE &Y F dot FAT
0|53 2AYY HA HolE AVE HEW fEY Ho
< MR A$E IS R Zol, FHEE Z2AXY
Ry =27 EAd gEIJDE HFHoE I

TMS320C541 DSPE 16HE FAS HA 1Ao[Ze] A
g & e FA detd HHs @ 722 Ho Uk
1Y E faEg dxde 3¢ Ha AL A W= 30
Aol Z2& Mgk mebA, U Akl oM I
Z289 oA g v AdEZ FHE o AT
A AT A S29 JfAde] o|FxH, IMDCT
At ABWE FA AFEL SR FEAT

ZHd FEFEF Aol 2T HoEEY TF
Hapel o3 MP3UEH 9 AN A E #AsiA DSPY
HEee HAE "HeolEY HF A7 o 21IKAEH
B4el HFHLE ZAE vEHS 2717 YEY T

E 4. MP3 tlZd +dE €& A7
Table 4. Implemented Table size on real-time MP3
decoder

Hol 271 Hlo)2 271
($=) H4=)

putmask 9 scale 76
bitrate 16 is__ratio 64

joint stereo table 4 cs 26
scalefactor length 32 ca 16
scalefactor band index | 111 inverse mdct A4 148
huffman decoder table| 2,805 window A4 288
is 16,384 LPF A4 1,024

gain 512 [ subband synthesis A4 | 62

Al 21,567

MP37t Mg+ & PCM2UR HEL 1Z849 7
2rd AL 5764 EZ, 2HEL REA HE 115248 Zo
toolgig MEES AATLRE ¥ Al AE
e s @ ATA AE £ 7E 2 Z2AMY A
2% FAATE A8 Ao g3, oJHF "I
A Zke) me} JdFHE HE ~EYFH dIig Fo] 29
MES AR A viHeY A7NE HE3 2Hst= #
Aol a3t wetbA, MP3 URE7 AAIZLE A3t
A &7 A% B A H4% e A7 A
e B oE 3 2o

9 A& & (MAX) : 1152
HEE F35 (MAX) : 48kHz
HEHE  (MAX) : 320 Kbit/s

TMS320C541 A4t&%= (MAX): 40 MIPS



14 / TMS320C541 DSPE ol &% MP3 Hzv] 738

=
A=

8 4F F9 459 FA5Y ANAES olg st
1Z899 23 AZ 1152708 AAZCE Yz dgsr] §
AME 12 me/ZaF(MAX) S A vlel B2 2ol
o| o] A okslr}, ulalr, TMS320C541-5 HAZF MP3Yl=Z
HE F&2A7171 M oF 096 MIPS/Z#H A (MAX) <]

Azrel BEST, FHE UIHE $A37 AL o
0.72 MIPS/Z8 9 B& Ag A= 0.24dMIPS/=# <
o) walo] 27s oA,

X 5. TMS320C541 vy} 1& o] &
%) 5}

Table 5. The result of bench marking test for
implemented MP3 decoder using 'C541 Debugger

% MP3 tztel W

Az AT
4rAF (cycle/frame S ger-) = (cycle/frame
) )
find Header 1132 Stereo 86736
t Sid
get >t .e 7206 Reordering 156
Information
get Scale factors 8767 Antialiasing 57512
Hybrid
get Huffmande 79978 ) 197244
Synthesis
L Subband
Requantization 50454 . 323104
Synthesis
34 812,289

AmYY MEXEY HolHE AFtE U HolH
PCM 202 dolgs %3 Mye ¥3 Muz 749
At o W, MP3el4 BLE U WHE Ha 960 w
o) E/ZH Y (nSlots = MOHEZHY/AEL Fo5) o
77k gesn, 20 dolHe 28 WrY B3 A
1152 427 Bestch SR, olHE Ak Abgel
27E WHe oMEE - ANBRE 42T 9
oo | ZdY B UEg A2S Ao 30K At/
Zay RAEe] A7t AYSDZ, 2L HolHY £
o oA 213msAZt AAE FAL HFHOE 74
Sel 2T 2K AEZ ARe FEE AHE FAT
E 5olA &= TMS320C541 ¢ivl1 g ol&3te MP3 tlZH
9 AN FAL AZH WA vhY HAE AAE ys
T gk £ 47 FEE dadddE 4A7es
S5 48 Ao AVoZRE 16%9) A7 G2
wolZ QA

£

v, &

2 E=EdHE MPEG-1 T2 dlelel 39 4Az o

I3 AFHE U ZEAAMA TMS320C541
o PHAAT. MP3 LTIES AN A
st710] @AM DSPel gt F4s AlFe ol
A5 Qe WE FnAZY 7
8]

oX
i

=
X, grEE AAEE

Aol & LTENEE

2 52 AHg
e A
A9 LAY AYEEE Fesel 49 A8 Aoz
Re oy IR AdA 29 PAS ASHAT
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