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An MP3 encoder chip has been designed and fabricated with the hardware and software co~design concepts.
In the aspect of the software. the calculation cycles of the distortion controf loop, which requires most of the
calculation cycles in MP3 encoding procedure. have been reduced to 67% of the original algorithm through
the “scale factor pre-calculation”. By using a floating point 32 bit DSP core and designing the FFT block
with the hardware. we can get the additional reduction of the caiculation cycles in addition to the software
optimization. The designed chip has been verified using HW emulation and fabricated via 0.25um CMOS

technology. The fabricated chip has the size of 6.2 x 6.2 mm 2. and operates normally on the test board in
the qualitative and quantitative aspect.
Keywords: DSP, MP3 Encoder, ASIC, SoC

ASK subject classification: New Media (13,3)

Fourier Transform) &

Perceptual Entropy Coding}S

LME

2807 Bl &

Audio 419 & W HHo] 9loj MPEG-1 Audio
v} AAC (Advénced Audio Coding)S3} 2| Psycho—
acoustics of 7¥hE & YF4lo| #A) ol AMSEHI
9tk MPEG-1 Audio Layer 3 (°]3} MP3}9] ALl
MUSICAM (Masking-pettern Universal Subband Integrated
Coding And Multiplexing)¥} ASPEC (Adaptive Spectral

#oIx{x}: ot F & (juspark@pusan.ac.kr)
SMAl BT XS 2308

AR MG RHTEI RS

(T3} 0561-510-2444; "A: 061-516-5190)

< BJEE 7AZ Uk [1] webd 24 A2 A
A7 FEE e ol o3 Aol Jlsler I &3
Hol) digt A77F a7 Yot 53 tRE 2de #3
5719 9= 222 Audio A1BE B33 AL 5
U= B53} 7|7t 2@E olobgk AR AA"EE FAE
= A Bt oldt HE sl & =B @
4 Emﬁi g2 AMEHE lE, B2 BEENE
PETIt & MP3 2387 g AAstn YA 2
AL A3 HW/SW2] co—design /@S =U3}Ach &
ZEH0]Y SR E ISO/IEC IS11172-31723 oA AAE


mailto:juspark@pusan.ac.kr

62 SRRIEIX| X253 RHRE (2006)

iteration loopE modifyd}] masking? % Hi%’i"
distortiono} #3E 4 SI%Z scale factorghd ul¥]

AA% T jterationd £ T 5 Y=E sl AARE

£9 5 U=E HPoH =Yoo 2L FIT £5&
d78ke] DSP coredl| 57181] BAHQ) B3}t A4S
optimize3}{Ch. Analog DevicesAte) DSP & FA[ A
AEEl= audio codecd 0F51 Realtime MP3 Encoder
g Fsigcke Bt glou2) 7199 9dE &
Hg peldle AFAA a7Ess AN @3 A
o}, Eg, MP3ECHE 30%0|4e) BA=E 7RAIHA ¢
B 4REE 7Pk AAC 53 e Awd 94 20

25l g HARE 7B g3 AR dFEE A

Q3] £ LRl shAgsT A5 ) 35S
T3] Lub Q) HE]o|] o] A HE3 5 Y=
£ MP3 £33p7] A Q48 E82 §lo] Q73
E3t 240 E DSPE ARt AdR3tEle] 9= FUAA
o] MP3 Encoder?} 7TOMIPS 2[4]¢] HE 751N
ol¥t}t 2 A5 7ES X2 A3t

E =R 14 MP3 £33} 3 A5 Y8t
of £2TEYo}HQl ZHAN AHoR st 1
th2 sEglolEl ErolA HHgehe WS A48t
act. o243 ek wte} A 23 M= MP3 §353F &
132 A 125 EL, AF)ME DSPE
o} &3l MP3 B337|E THE) A3 chast A A3t
B2 oh2ct Al SlEgol]l dAet S
o st 2%} AsANNE A At GAEAT
g A3, opxoteE AES W,

II. MP3 2939 dn2is

MPEG-1 22
Standardization} W2 MPEG {Moving Picture Expert
Group)oll 23 ¢ HAR. oJRL oF 1-2Mbit/sec
bit-rated Z 2r]eg} ¥lrje 39S E3AL Y
th, o] BE2L ore YL A3t 3749 layerE 7
313 gl=dl L & YA layerst 7HE &80 11 A
9] CD EA4E9 202 37 #EFo| Hu o}, 112
L} o] B2 235315 BE AEY o3} ojr|e} 53
Bl7lof Al AFst 9l REsprio s &
Z31 HoA| ofe Bz o] fEo e g ¢
T 7HE E £ A AAE Bol 22 Aot o[

2 ISO {International Organization of

5 WS B koM orje dmye T402
g 4 Qi 14 MPs Sos) Y Aol B WS e
c+ MP3 B5817) A4 FZREE 19 1 o) erol

20 Aol SAEE 8S UMY thewt 2ot

2, FFT 84
PCM dlo]EE 1152 MEE Al ZEUez U
*1‘0111 =0 o] ZY YL ohA] 576EE 7 T
AEzaQloz Baen fe¥ MEIHASE 1024
point Fourier Transform& A}8-8}0] Azh G4 €) g0}
& Fo 39 vlojg2 ¥zt

2.2, YRASYRY[5-6)

A7t A7) 5-g RUPH M SRRYLS A8t
et o] E59) &L AT Fuke el A3t
o utA7) Ho %8 ol 2R Y= Fuedes #
ofe] masking threshold gf& A7t of g o
20| distortion control Y quantization SEA4} H]

£ ¥y7lzo2 AT

2.3. TEE3 BY

Yea $He e 2 7L sk Weds
Yejz 7AE| 9T 576AB4E JINE 2 ARz
9 dole7t YRS s2le] WeWIE AH 2 W)
wamic 18749 AEE Lol Wirh 19 2k 24

$ P inout

Analysis
Ptttk

Subband
¢ Samples r
Psychoacaustic NVDCT with
Model <+—
(Maoskieng Window Windowing

Switching Frequency¢

Thresholds) Lines

Distortion

Control
External Control | ————» and

Scale
Coding of Data

Side info. |¢&— Huffman
Coding

v ¢
,7 MUX ’
1w

Output

33 1. MP3 F287) BAIPxT
Fig. 1. Top block diagram of MP3 encoder.

| >
>




B & Fake JQoMe AENE RYS LERY
3tk A (D), ) 24 Be W3 f4S Yehjn
ek, o714 do] x(nyo| L Zk A BHE Z8jo] X(m)
o]o], hin)E lowpass filter?] 5/4& 713t}

)

Xk(m)=(—l)*"’w=2_wkk(mM— n)x(n) {1
m(»)=h(mcos{§—g(k+ 0.5)(n—16)] 2
2.4. MDCT

MEE WESS Fue Fguio[sz HER7]|7]
]38 Modified Discrete Cosine Transform (MDCT)E
ARgBhedl7) ojtf AMElE dlolE E22 5044 F
Aol YE9E A B34l Qe Holrg A8
t} E3t long blocks?] AL £& Ful4 resolutiond
@7 Al 18420 el FA) s}aL, short blocks
9l 2L B Lk time resolutiond 21, pre—echoS 4

317} 13 S ohsl B4 34 gk

2.5. Distortion Control and Quantization

A2 SR Dol AP masking threshold &
o] g3t 2|2 4z o] AHHAHANA A7 AT
(distortion)& A|ojshe FHoltt, FFAAoA A7e
gJ3to] masking threshold Zte] oo LEZ scale
factorgh 7HAA)7|HA HHEHC Alojatde Fitt. o]
&%t Hojojl= scale factor?]o= global gain W7}
ANl 0] 22 AAAE) Ar|E st} AA A
SHES 283 98 i,

2.6. Huffman Coding

Huffman Coding®) 7127dS & U A2 &8
RIZE ZARE 312 242 PEL ¥ FEUEE 2=
£ sle A& 7HYSR Qlem 7k MBEglo] e
57674 2] spectral lines:= big value region o*%8
zero value region7}A] 5742] o2 BoHG e

amplitude

JEEEAENAY

frequency
28 2. 24 ZEW3
Fig. 2. Analysis filter bank.

SIESH0] AX=040] Co-Designi B2t MPS ¥22t H Wl 63

B 1. 72 85 M
Table 1, The calculation quantity of main functions.
F2 &= Ak
Analysis Filterbank,
MDCT F 13 MIPS
Psychoacoustic Model I 24 MIPS

HF 48 MIPS(8%] loop)

Distortion Control | 410y 90’ piPS(162] loop)

72l 7 MIPS
=T 92MIPS, =k 134
B oA MIPS

(%) sampling FEI4= 44, 1KHe, bit-rate: 128ps

FA BAERT U B W2 v EANE ) 4
2 3PRES o8}t A&yt 332, Bt )7}
He 49 28 g Pt kg A9 HelL3
299 YZANE A OL} Huffman CodingdhH e FE
RHEF Q) dlojeR Qs Y&EINrL A tepdth
Huffman Coding HE|3¥REo N 12402 ¢
3 AL Bosle] et 2 YEES M ¢ URE
3t qlct

I Yu2ls X

2goe A2AolA 4788 MP3 X33t dnelE
& ExZo2 HA3Ft Texas InstrumentAle] 328jE
floating point DSP (TMS320030)%} 23 x%}= DSPH9]
(8-91F ol&3tod FaF] Ao| AUt AJolEE Fol7|
A3 g HHSE 270F

3.1. MP3 Q13T HF¥

Az} Y glo] 1500l ARs: HPUE MP3
133} dne|ES 32¥E B5443 DSPE ol83to
ojdEe YT F S 4 Fpo] AR E 13}
At} o§7]A MP3 ¢ile|E-g &3} skt Fasdt A
AFE dEujolE o] w2} th27] wiRo Feolek: &
g ARSI MP3 #3345 HAZICE £351] 9
A BEHLR 92 MIPS ofde] Algo] 8+Ex
o}, 7V @ AARE B8R 3= Fe distortion
control ¥, A4S loop Hlpo] vl|28to F7}
g} AlgES Eol7] fJ8jMe distortion control §
+g A3 3= Aol Yasi



64 PEEHARX| R25 MPE (2006)
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Fig. 3. The block diagram of distortion Gontrol loop.
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Table 2. The reduction of loop count in pre-¢alculating
method. {global gain=8)

o0
2t Tae) 4 loop = ZiEgAo|
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7121 491 7.36 1.62 22 %
722 897 8.08 2.18 286 %
Figaro| 274 7.97 2.01 28 %
= 180 8.62 2.65 31 %
Pop1 125 7.96 2.07 26 %
Pop2 921 7.88 1.88 23 %

(3 sampling FEH4= 44.1KHz, bitrate: 128Kbps

F 3. Y325 Y M) N H|w (ER]: MIPS)
Table 3. The calculation gquantity comparison before and
after alaorithm optimization. (unit: MIPS}
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Control 8 125 loop ZAEDH
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gl 16. MP3 2136 Xy E]T
Fig. 16. The top block diagram of MP3 encoder.
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FFT AIZME Y3t start B E, 64/512 £91E] FFTRES
AQ87) S5t long/short H|E, FFT Qg ol
End BIEE {£AFo] 9lon DSP Zo|= FFTE AJ&3}
7] el FFT £5¢) RaMY| MEolHE HHAR F
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o}dg 3l g A F2he Ylskgeh HDL =
A BT o|AL F3l9] 30 PCM HolHE MP3 ¢l
937 YallMe Holx 671 ol 2a5o2 B =
Follde IKOSA] st=gle] odlEdlold (VLE-2M)}E
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33 17. BXE MP3 & HIAESR
Fig. 17. Produced board for MP3 chip test.
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& U peak N/S€] )7} -101dB o]} B ST
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5.1, Back-End M4
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2 BgEc

5.2. ¥ §rAE

AZE e HAERY] 8 19 173} 2 HA
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