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Abstract

Up to now, computers are becoming more and more important in our daily lives in
the area of working, entertainments, etc. The multimedia, which means sound and images
used “ Digital Signal Processing” to process any instructions we desired.

A large number of developers gradually try to create lots of methods in order to
compress those sound and image data to make them become smaller and smaller in size
and significantly, the quality of the compressed data should be the same as the original
one. In this report, we are interested in digital audio compression, which enables more
efficient storage and transmission of audio data. The many forms of audio compressions
techniques offer a range of encoder and decoder complexity, and differing amounts of
data compression.

The MPEG/Audio standard is a high complexity, high compression and high audio
quality algorithms. We have been studying all the MPEG-1/Audio encoding algorithms
thoroughly and attempting to understand DSP56009 Evaluation Board produced by
Motorola. Not only have we implemented Filterbank,the first part of the algorithms ,in this
semester, but also Fast Fourier Transform(FFT), one of the technics used to map time
domain data into frequency domain data, and the last but not least part of our splendid
project ,Psychoacoustics, which determine the number of bits for the audio data , are
done in the same fashion depicted in the standard as well.

By the way, we use Motorola DSP 56000 Software Simulator Version 6.3.0 instead
of Motorola 56009 EVM for the convenience to check the data in the memory,register,etc.
In addition, we have also used Matlab to simulate every algorithm stated above to assure

that the stuff we have done is absolutely correct
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Amplitude

A The input analog signal is sampled.
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B The numerical values of these samples are stored or transmitted
(effect of quantization not shown).

Amplitude
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C Samples are held to form a staircase representation of the signal.
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D An output lqwpass filter interpolates the staircase to
reconstruct the input waveform.
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2.3 Quantization
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Input audio: 1,500 Hz sinewave sampled at 32 kHz, 64 of 256 samples shown
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Subband Outputs:
8x32 samples; both subband 3 and 4
have significant output values
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untlediu TuBnuinils unuiiez1d SN Ratio 1319219 S/M Ratio uny Tnsazduiamnain
vpFulLus Lagramsvesmdaugege unsiadudigauesns 148y gminldlums

a o a A o 1 9
wmimmmumfnﬂzﬂmuﬂ“lﬁ'immazﬁmmuﬁ

i Audible signals

i § g |

Inaudible signals

. Hearing
threshold

10 bit

5
[ L
<9
%
Q.‘ e
« Masking
effect
A 6 bits avieg |
- f S a1
\.\ —— /
: P 2bits:f,:’\/_,/
L ‘ : 55 AN L
A B C D E F

Frequency

U 4.15 madnassdaee Amuadaanuns 185y dauftlai188ues IS 18

o a A [ 3 [ ' { o [ ° .
mmumm“lﬁ'ﬂmmazﬁmrﬂum:m’”@uﬁmwaﬁ%ziﬁisﬂmmﬂfgtmtusumumnm

U U Qo g " o a Q’l’ ¥
gavuntls lurermededygatuanng Siuanvesiai18u191na1 SMR Ratio
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mslnauuunsuresu

lums Wanuil vdenwesdyanaluTanunmezdoudiulawuanud Taser
14 Fast Fourier Transform w97s dudse@nimlnaduiildon FFT wgnateuladaugyl
wuvesly Inozqedn dauﬁgnmﬁngﬂﬁﬁﬂaaﬂm Lf}mmmmmﬁaﬁﬂfﬂuimuunm
udaaoutiu Tanunnudes Iis1 1ddurlss nfanaty Suanvesdunlszaniutendas
Fendh Snoudennud wu 512 g0 sxh I Iddudszansand 256 aunady wie 256 &
Al dudsenieorneidiu 512 vie 1024 wiewnnnh azgnutieldifiu 32 duuuud Tay

t4
awlanfumariiuaasteufonvesdaane tu Tamuna
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UNN 5

DSP56009 Evaluation Module

DSP56009EVM fluuasndi lddmieanuinuasimunsyuidesdoianea Ses
1J?zmamwé’nmmiuQai’zLﬂuﬁqﬂ?zmammaﬁ%maﬂ ( Digital Signal Processor ) 984134
Tuinlsdn lwef DSP56009
InesiuilAnderasiunisszananaiidanesintnsenainifieesy Protocal Idanuans
WLLAae

uum?’mﬂsznaulﬂé’aﬂmuéﬁﬁrywmqﬁaﬁ

DSP56009 {1 Digital Signal Processor W16 24 9 $1141uAiA214E 81 MHz

- gansninauldFaennnda 40.5 Fudrdaiadund

- dsznaushetiafudedayanialuauin 24 In 4 g0 | wamnsatianeluauina 16
7m 3 90 Fanansadraidlinsenty

- fhniseanudrnneliutanin ROM uay RAM éur
a) X-data RAM 21m 4608 x 24 1is uaz X-data ROM 9ua 3072 x 24 1
b) Y-data RAM 9@ 4352 x 24 1in way Y-data RAM 14101792 x 24 Tm
c) Program RAM 1415 512 x 24 1A k&% Program ROM 4318 10240 x 24 1
d) sunsoutaaile? X uay Y data RAM 1161 2304 x 24 D liadaudlu
Program RAM L&
e) i OnCE (On Chip Emulator) port §1%5UaRslasy host Aneiuan
f) § Phase Lock Loop ﬁmmm‘f,ﬂmnsuiﬂ%ﬁw%’m%‘wgmmquﬁ

NUEANNIIMEUaN ( External memory )

- fmiaeAuSIuLL SRAM LA non-volatile RAM 27 8192 lus fignunsn
Lﬂ§@ua’hﬂil"auumwdwﬁ'uLLumﬂuuﬁﬂnlé’
- 1l slot #msgIUIUIA 30-pin ULY SIMM FaNunsaL R MiaEA91E LY DRAM
¥geqmtia 4 M x 8
z«'quﬁmﬁifaﬁmﬂf ( User interface )
- eaupulaglulasaeulnsainefives MCe8HCT11E9 fiaunym s dtsunsuld

FEITRALRNIZLUY 68HCT 1 .
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- Unulsudaswaluy LCD (2 Us3iia 16 f28nws / u5sva ) deadideang 4
a1 wazdldmusaiiuaindaiugu1dsn 16 &
Aa 4 o o 4 [~
- UHlwes MC68705k1 danFunilasmsdemsnnuuy RS-232 1y oncE
Y = a Y
- AAUAET lunaeu Insauvvuduriusa 1@
aausuasdoya ( Input / Output )

o

- A/Duuy 2 ¥eedunsunia 20 Oa

o o

3

- D/Auvy 6 sesdyanavuia 18 0a

- ausaidennudgu ( Sampling frequency ) 4IMSU A /D waz D/ A 14 2 uuy
A9 44.1 Az 48 kHz
s @ [ d 9y

- Ufmaaneudyawemunuuy Tusunsy'ld

- mwnsefu-dedyanariuniuaeld Tasldinasgiuiuy SPDIF / P340

= . 9o a 4 A 9
- 4 connector YU19 50 pin 1%ﬂ1ﬂuﬂauwwttﬁ$L61ﬂwwauﬂqﬂ

5.1 aminenssunelu®y DSP56009 wazlnssaravesia

( Architectural overview and bus structure )
amdaenssuneluves DSP56009 IAgnesnuunlisessumsszananadaygyionds
& ol . % < a a a 1A 7q ¥ @
i@ ( Digital Signal Processor ) laegatilszdnsniw Tasiawizeg198ensdssgnd 14y
nsiszuanadyaaudeautuas ( Digital Audio Application ) 13U 5.1 9zifiuh
DsP56009 lAgneenuyulddausiudeya
(Data ALU ), daudaBamiasnanus ( Address Generation Unit ) iazdaunaunu Tusunsa

. v o 3 a — o < a o &
( Program Control Unit ) sisnfuiautludaszaenunanya dufeosdveiinisdssuiranans

v
v A

! y = Y o g dg‘ . a ' ' S
3 mu“lﬂws@mﬂu “ﬁﬂﬂﬂﬁﬂ'liﬂ'lﬂ'mTﬂﬂi’nﬁ’mli’)‘lmum 'swazmﬂmmmumNmﬂumu



16-Bit Bus
4 8 S 29 [——r 1 T

Purpose| | Audio Host | | Memory | | Program X Data Y Data
Vo Interface| | Interface| |Interface| | Memory Memory Memory
(GPID)|| (sA) {SHY) {EMI}

43 [Y) [¥) : I ) 3
1 i i
2481t Addross £t
DSP56000 Generation ﬁ:-s
Cors Unit
intomal | b § ooe
Dals | PoB
Bus |, XDB
Switch | YDB
3 i 4 %
T34
[OncE™Pon | wergr |, [ PRge ][ Piogam Data ALY
Clock | & || Contor [ Decode P 24 x24 + 56 - 56-Bit MAC
PLL Gen. P Control Unil Two 58-Bit Accumulators
£3 b4 la
¥ Y wmoR was
TR, RESET . NAGAEK

g1t 5.1 aorflaunssunieluses DSP5600Y

5.1.1 Data Bus Usznoudetiauuia 24 9 1wy 2 fiema ( Bidirectional )$1u9u 4
A A® X data bus (XDB) , Y data bus (YDB) , Program data bus (PDB) tag Globa! data
bus (GDB)

XDB 1az YDB awsnldsausuiierssunanaiias 48 9n , PDB I miudernug
ﬁ"a"11Jﬂszmawaiﬂw‘imuﬂmmﬁuﬁa‘qﬂém daunsddoyaseunen ( Peripheral ) 93
nszfru GDB deyalutiannyaaunsadieTouszniraduld Tavkums Intemnal Data Bus
Switch

5.1.2 Address Bus ﬂszﬂauﬁ’wﬂ'ﬁwm 16 IR HUUNFANIUAY? ( Unidirectional )
§1171 3 90 1AuA X address bus (XAB) , Y address bus (YAB) Liag program address bus
(PAB) TnevnyaazgnAILRNIN Address Generation Unit

msdrdamiuanuhimevenaunsah lddmsumbennusmauuy udezdredald
WBe 1 §wriane 1 sousIde ( Instruction Cycle) Wity

5.1.3 Data ALU Usznoudaeidamesuazniwiumdgii 5.2 swaziduad

[

t4
=1
N
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X DAIABUS
¥ DATA BUS

24 bl

= )

pon ) o0
58 AHDLCGIC Oer

]

SHIFTER &
[Lowrren | I
As)
B {5
| 2 s |

[ SHIFTERUMITER |

2

2

gﬂ‘ﬁ 5.2 Data ALU Block Diagram

- Data ALU Input Register (X1, X0, Y1, Y0 ) ifhi33mansdmsudoya
#21 ( General-purpose register ) Feanuisalfiiisamosuuia 48 §n X uaz v ¢

= v A o w [ o [ {
TagiimsdniTeadraudoyailu X1:X0 uaz Y1:Y0 ufie X1 waz Y1 dudeyaiiinnu

u

9 w I

maAYNINNga ( Most Significant Word )
Samedmarnmmihiidy Input buffer 53¥1719 XDB , YDB i MAC Unit
( Multiply -Accumulator / Logic Unit ) Tas@lsuuaz@1mumiuynie XDB wag YDB
- MAC and Logic Unit 1flumineiszuianandnves DSP56009 lunssifiva
msdszianamdauumsflauay ( Arthmetic ) m‘iwﬁyﬂsmmmé”uﬁuww'lﬁ
1nfiga 3 umas unzaz Idwadnsuie 56 5Ty Accumulator A o B (A2AT:A0,
B2:B1:80) TefimsAmnaneian 18 aszvunudunsdrads XDB itag YDB
MslszulananImssng ( Logic) 18uA AND . QR , EOR ( Exclusive OR)

aa s a 1 3
taz NOT v 11ifiussTennos A1 w5e B1 v11a 24 e
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24808 X0.X1, X0.X1, X0,%1,
s A8 BITS YO,CRY1 Y0, 0RY1 Y0, 00U ¢1
s 56 BTS { g

Y b J

2300128847
FR AL
IPLIER

Mot T 2@

CONVERGENT « ROUNOING SCALING
FORCNG FUNCTICN [ MCOE QTS

CONDITION
CODE BENERATCR

ACCUMULATOR A [ ACCUMATCR B !

'

311 5.3 MAC Unit

- Shifter and Limiter Shifter 9z19iflofimsiSun19sidefifmsdoninluma
Sromiorawvinfu dau Limiter vz 195131811917 Accumulator A vide B
(wu1n 56 U ) 1Uds XDB 150 YDB (vuia 24 1 ) Tasazsimsisemanldlng
Aeafusrlu Accumulator nnfiga
5.1.4 Address Generation Unit Lﬂuﬂﬁwﬁw%uﬁwmmuazﬁ%'wﬁaumunmﬁ :
szydumisvesmitsanuiiiveih iU 1den Tasdauguguesmsilszuana Usznou

Y da 4 ' o @ P
maﬁ%mmamawmﬂmmmmgﬂw 5.4
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3.5

In—-———— LOW ADDRESS ALU HIGH ADDRESS ALU --—-—-——-.sl

XAH YAB PAB

| TRIPLE MULTIPLEXER |
]

. — = =]

NO MO RO R4 M4 N4
N1 M1 ADDRESS Rt RS ADDRESS M5 N5
N2 | M2 ALY 2 | RE ALY Mg | NE ]

N3 M3 R R? M7 N7
NN/ 3

) GLOBAL DATA BUS

10 bits
e 24 bits
gﬂﬁ 5.4 Address Generation Unit
o Y Aa d a

- Address Register ( Rn ) Usgneu liUdusimnosuuia 16 0n 2 ga yanz 4
@ 2 yo 1 1 o Aaa o @
3 (RO - R3 uag R4 - R7 ) Geld@dwmisvesnmizonimdi Tas3tmmoinndiee
[Wouuazo1u Iagr1um1e GDB

3 9  da 4 a d @

- Offset Register ( Nn ) Uszneulidre5amnasvina 16 dn 2 YA YARY 4 A7
(NO - N3 uag N4 - N7 ) lgdmsufiuan Offset oz liumieanslu Rn Taesse
wesnnfvzidounaze1ulagrume GDB

" " Y Aa '3 a

- Modifier Register ( Mn ) UsznouluUdu53amosvuin 16 9n 2 %A YADE 4

7 (MO — M3 taz M4 — M7 ) T¥dmumssredamuaeanusuy Modulo Tagssa-
o ) 1 ]
MRINNAIZAIUUAZEIU TABHINNIG GDB
d| ] o o 1 ] o a

- Address ALU iflumisfinnaduniisemiisanuiilasdredadoya

NNTVAABS Rn , Nn Liag Mn

1< 1 o a 1 1 @ ~
5.1.5 Program Controller L‘iJumuﬂ’mﬂnﬂ_ﬁmﬁmwwﬂ uﬁmmumm"lé’msﬂw
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PAB PDB

16 124
Y

CLOCK =]

INTERRUPTS

e 32x15
o] STACK

CONTROL w—— [ T s8]

24 24
GLOBAL DATABUS

31 5.5 Program Controller Block Diagram
aa J )= Bl o o [V dy
-Sames Y5enouALItmnesAIUAUMITINILALT
aa _ ‘& 1 o 1 o Q'l
* Program Counter ( PC ) S3atmasvina 16 Oa deldifumdwmiavosdids
oA 1N9zihinse (Fetch ) ishgaaunanasiamea ( Decode )
* Status Register ( SR ) 33aimosyu1a 16 I Ysznoudae Mode Register
(MR) (1lu 8 iauu ) Condition Code Register (CCR ) ( 11 8 Taa1e ) s1vaziden

vz lauanasg i 5.6

MR = ) CCR
% 14 13 12 1110 ¢ 8 7 B 5 A 34 1 Q
Lrloa.1|r|*|stlso}n|m lelelu]N|z|v|c

CARRY
b OVERFLOW
ZERO
NEGATIVE
UNNORMALIZED
EXTENSION
LIMIT
SCALING
INTERRUPT MASK
SCALING MODE
RESERVED

TRACE MODE
DOUBLE PRECISION
MULTIPLY MODE

LOOP FLAG

All bits are clearad after hardware resel except bits 8 and 9 which are set 1o cnes,
Bits 12 and 1610 23 are reserved, read as zero and should be written with 2er0 Yor future compatibility

gﬂﬁ 5.6 Status Register
* Operating Mode Register ( OMR ) 5301054110 24 Tin us 191fios 5 Dawh

3 = &
Wy Meazvauaaslugilin 5.7
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2 8 7 6 5 4 3 2 1 0
[ : [+ [so] + [we[vofoc[ue]au]

OPERATING MODE A, B

DATA ROM ENABLE
INTERNALY MEMORY DISABLE
OPERATING MODE C
RESERVED

STOP DELAY

RESERVED

RESERVED

519 5.70perating Mode Register

Y

o 1

* Loop Address Register ( LA ) S3ainesuiia 16 9 Fa 188 i vy swoes
f‘fl"aqﬂﬁ’wmm Loop iefimsens Hardware Loop ( §13 DO ) Snthiiastedey
LUaEAVANTIUIU Loop flazdoean Tavagrharsausudy Loop Counter Register
(LC)

* Loop Counter Register ( LC ) S3aumasuinn 16 4 aeldiGusmuadad
Foaviis 11y Hardware Loop

* System Stack ( SS ) Wumieanuiuwy 32 Sa wailu 2 druqas 16 Ta
o SSH uaz SSL Tay SSH e lddmSuAuarnulu PC dau ssL azldifudeyany

4 ~ = ' . dytu o 1
T SR iefinsiGenld Tasunsutes ( Subroutine ) wonnnisaldiiualy LA uas LC

=1

awlunsainiinmsSenld Hardware Loop

Y
ad 9 v o '

miawsdndiiidieii 15 funmiaiumineanudl DSPs6009 eyanaly
dl¥Gun 19 Tsunsudeedouduldinniian 15 seiu viedonls Hardware Loop dou
q/ 9 :; [
nulduniga 7 sedu
. . g aa d a o @ dyo ]
* Stack Pointer Register ( SP ) Wusvamesving 6 i “l%mmwmuwm
V04 System Stack 4 1a daudn 2 dnfimiiens 1duenanius ( Status Flag ) vos SS

§ 4 3 2 1 0
[UFISE!P3’P2IP1|PO]

STACK POINTER
STACK ERROR FLAG
UNDERFLOW FLAG

31 5.8Stack Pointer Register



- aotnenssumealy Program Controller Unit

* Program Decode Control ( PDC ) iludauneasiasidansuunanniie

v
v o @

5

A214811sunsw ( Program Memory ) c?q%za%'nﬁ'q;apmmuﬂuﬁi‘inﬂuﬁmsu 144
lfumﬁa“lﬁ'duué'um"lﬂ“l%’da"lﬂ

* Program Address Generator ( PAG )ﬂszﬂauﬁ’aﬂ%‘am{ PC,SP,SS,
OMR, SR, LC tag LA c'ffa%z“l%’%w@aﬁumﬁwamﬁwmmi‘iuﬁ'amsmmﬁmms
Maruse 1)

* Program Interrupt Controller ( PIC )Lﬂud’mgumi%}awaaumagwﬁ

( Interrupt Request ) ﬁzﬁﬂﬁuﬁqﬁmﬁgamﬂ“luuazmﬂuaﬂ%ﬂ Tagaziing
@519 Interrupt Vector dal¥ifusanes PC iflumsSenld lusunsuuSassumesnt

g ! & o a v Jd 1 :ll
( Interrupt Service Routine ) FINAVA NN IAYVOIDUMNBINNUADSLUVUUYDN

frua a1y Interrupt Priority Level ( IPL ) AIA13190 1

Priofity Inthrrupt
" Lavel 3 (Nonmaskable)
Highesl  [Hardvsare RESET
P;l&gal lnstruction
NI
Stack Eror
Traca
Lenvest sSwi
Levals 0, 1, 2 {Maskabla)
Highest  [IRQA (External Interrupt)
IRQEB (Extarnal Inlerrupt)
SAl Raceiver Exceplion
SAI Transmitter Excaplion
SAI Left Channel Receivar
SAI Left Channel Transmillar
SAl Right Channel Recolver
SAI Right Channet Transmiller
SHI Bus Error
SHI Recetva Overrun Eeror
SHI Transmit Undeaun Emror
SHI Revaiva FIFO Full
SHI Tranemit Data
SHI Receiva FIFO Not Empty
34l EBARD Memory Wrap
EMI EBART Memory Wrap
[EMI Road Data
Lowest  |EMI Write Data

‘

A15197 1 1A Interrupt Priority Level
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5.2 MIVATAIIRUIWANNS B DSP56009 ( Memory Map )

Tusunsuves DSP 56009 uaz%’mgaﬁagﬂwﬁaﬂmmﬁwmﬂuﬁﬁizdaﬁu wazlugy
Joyaluniisanudnzgnudeeniiuaeamisnnuiites Foni X uaz Y uasfezides
rieANEI015 luriennud X uaz Y uagnissanusinnsynauny ( Bootstrap ROM)
amsansouaqulUsunsumitennuiiing  miwanudifoyaaunsnszgnutiesniy

1 ! o ] [ 4 o g
avsd oz iuT N UdeeAaMITYes ALU iifess Idideyafiazansdoyadon iy

tY

Yoyt ALU 1dedrariudisiule

dremsildeudrdin PEA,PEB (Program Ram Enable bits) TuTnuadgiansssames
OMR 12 1dTA399319909 Memory Map Hianefin'ld 4 guluww Fag1ii 5.9

X Data Y Data Program
$FFFF -

$4TFF $2700

Inlemal $26FF
ROM . latemal
ROM
$2000

SIFFF :128?:?:

$1100
$10FF
0200
AFF
itemal s
RAM SO7FF
$0200
o 5
ARDZ8T AADZ88
Memory Maps for PEA = 0, PEB =0 Memory Maps for PEA = 1, PEB = 0

X Data Y Data

Intérnal
ROM

Internal
ROM

2000
$IFFF

Inteenal
ol RAM
$0000 $0000
Memory Maps for PEA = 0, PEB =1 Memory Maps for PEA = 1, PEB = 1

gﬂﬁ 5.9 Memory Map LL‘U'UGi'N‘]
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5.3 DSP 56009 Data and Program Memory

v

- Yeyamhennudians X doyanmiaenw§19133 X (X Data Rom) 1znseunqy

Ane $2000-$2BFF ludwmisvesdayaniioanusionns
- deyanmiennud19193 Y szaseuaquAnmis $2000-$26FF ludumiavesde

YaniIANdI0T Y

v v
~

- Tusunsasen asfufiun $2000-$47FF ludursvos Tsunsusey
Fd i Y [
- ynauidsen asAuNUN 0-31($0-51F) uaz 256-287($100-$11F) luaesiiuiily
< = A o
ynaundund  ynaundsenssgnlusunsuinen Tssnuiesziaasmsnsei
[~ a g o 4 LY Ao Ay
neynaundmumssiinvoasauas Turznsglan lundwmiaSuduves
70(P:$2000) w30 a1ailvanlifis 512 dwealdsuunsugld(user program)
v ¢ ¢ a g
110 EPROM 9¢9n3ufunesa EMI H3891nWesa SHI Avnssuvesynauiysen
a 4 1 [~ o
AodnnrugulagTnuadaly OMR dieeglulnuaymauiil 512 fusnves
Tsunsuuswaz liannsaom dudidon 14
TusunsuazgnInanain EPROM neuen §1 MCIMBIMA = 001 Tusunsuusu
J { 4 (K] 'v o oA
muludae 1536 Tuvian EPROM fidesgiu EMI iaz EPROM szagludumiedl EMI

a 1

o 1 o dy
LeAAsE $0 15192 U NI EPROM vzgnifiensiga GPIO3 uagieiynuedulil
[ a s . :
vegn TdsunsuIiitlunuueiia active high/active low
J < - v g A 1a
Tudvzgasauliidu 512 wie 24-bit word uazdafiuluTisunsuusudiedia
[ a Y d'
AU 1INAUTN P:$0000
Tsunsuaggnivannin SHI Tulvua SPI 81 MC:MB:MA=101 n5e Tnua IIC
w 2
&1 MC:MB:MA=111 TdsunsuusumelugnTnanise 512 fdsiluinannuenzs da
vz 1AsuN19 SHI
o v ' "o A v ° , &ug vy
- dumdamibennudfiannld (Reserve Memory Spaces) dumniefigle
awsaldanld sgaif 31 umsvesluoman msdeulUfigumianiae
anuiauee lufinaesls daumseszdenn $000005 venut diin15idn
o ] 1 dy < [ (Y &
o feyavesdumiunail fezdar1 $000005 penuuTURY Fafde Op-code

o @ &y 1 Yy o
ﬂjmmmw'lugﬂmqumm
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o J . .
5.4 Tnuamsdresanileanudwoulisdamesmedon ( Address Register Indirect Modes )

a a ' 8 ° & aa &
FEmstrdadeyaluniiennuives DSP56009 151 s0% IdNABLL F935nila

Y

G ty flon1s 19 Address Register (Rn) Lﬂuﬁ’w ( Pointer ) AHUINUIOAINEY m%ﬂm

=D.

ay®9 DSP56009 135 1uMs Update mmﬁv"lﬂaam';mmmzwam‘nmﬂ 1éun
- No Update mnelu Rn azasiindenniitlfiasda
15 MOVE A1X:(R0)  fedoyaninidaned A1 luds x-Memory

:d'dy Aa 4 ] { 1 [ o o w I ay
nF Iagivemos RO TaeliTnmsndouarlu RO udenn ydduaSo gy

'
[

1 S QI g o d‘ a wAa o
- Post Increment by 1 101014 Rn WUAUNUIU 1 'Hﬁd’ﬂ'lﬂ‘l/]‘l.lg]ﬂﬁﬂ'lﬁﬂ

9/ 4 ~9)

11 MOVE BO,Y:(R1)+  fhedeyannivmans 8o lués Y-Memory

Q

d' 3. aa 4 T S 4
W%Tﬂ‘c’liﬂﬁlﬂ@i R1 Iﬂﬂﬂﬂu R1 %zmaﬁu 1 ‘Hﬁ\‘i‘lﬂﬂ ‘V]’]ﬂ?’d\ilﬁ‘ii}ﬁu

3
awvao o

- Post Decrement by 1 flngly Rn szfifanas 1 ndsnniiUfiadds

(U MOVE YO0,Y:(R3)-  #hedeyannidmaed YO lués Y-Memory
v Y N kY
W lae3iames R3 Taurlu R3 9zanad 1 ndanin Mmduasedu
l 3’
- Post Increment by Offset Nn A1a18 11 Rn agiiauiuady Nn Wad%1ﬂﬂﬂgumﬂ1ﬁd

U MOVE X1,X:(R2)+N2 #edeyaninidames x1 luds X-Memory

o—

v

¥ Tag3Taad R2 Tavslu R2 sxgauaniiudesaly N2 udsn fdduade
- Post Decrement by Offset Nn fiin1gTu Rn sziishanas Nn ndsanfid §iasmda
12 MOVE X:(R4)-N4,A0 &edoyannniiieanusi X-Memory

@

8 Tas33enos Ra llge53aimes A0 Tawanlu R4 %waﬂaﬂmmmaﬂﬂu N4 nag
1 Mdduatedu

- Index by Offset Nn é’nﬁwmﬂmmﬁwﬁumﬁaﬁ%TﬂUmwammm'mmmeflu
Rn uag Nn uaz%'%ﬂma{f?a@:% snuAn ndsnniiUfoasds
BT MOVE Y1,X:(R6+N6) #edoyannivames Y1 luds X-Memory
1% Tnemwaswsznasaned Rs fU N6

- Pre Decrement by 1 A1n18lu Rn agiiaanaq 1 ﬂ'@uﬁ%ﬂ TRRada
(951, MOVE X-(R5)B1  aamluiimmes RS as 1 deuiinzdrudoya

1 ) A J aa J v da
VINNUIWANU X-Memory N Tae33aimeos Rs UGS sames B

50



5.5 gUuuumsdSumersdenenush ( Address Modifier Type )

Y
mdwsefimuagdiuuaeng 1 lénenua 3wy fe Linear , Modulo Lag

op a 4 °
Reverse-carry Modifier Tagag1433ainas Mn Tunsfimuagtuuy

Linear Modifier (Mn = $FFFF ) §lumsilaousi Rn nuudady

Modulo Modifier (Mn = MODULUS - 1) mﬁzuﬁumﬁau@mmﬁ%:gﬂuﬂmﬁ’w
modulo M &3 M fidnnundann 2 & +32,768 (@,mumm‘ﬁ' 2) AAIAVVDY
Modulo M hl#Aueamsesmaed fansagnmelusiennunhavesuinaves M
sunsnefuinld lngveuiwnasuasveumaunvoeAnTd (9307 5.10) fm =

M-1 vz 1310 Tud InioesSicaos (Modifier Register) , Mn fussveLiun

q’: 1 o 3 by

1 = £ @ J| o
an(eanagIu) Hudealiaigudlu k LSBs #92° > M uazduiudeadusiuim

Y

e 2 veuaunIzlA UMY LA 19LINYIAYBS modulo 1A
Y
ou 1 (uoasagiu + M -1) Tunsal M < 2 dariu M azgnifien gavesdiduves
3 o ' o - k y & &
uavNAIINI( memory block) (UAazuaenTa WY1 2" 9zgnadisiiuan Nda

v v
: a o g 1 1 '
circular buffer i a1sagnaansadlyld d1M < 2° Aezllgesdnesenng

a  w

circular buffer ﬁa&jmﬂﬂuﬁa (2k) -M #0819y a1dean1sadig oirculaf buffer
5 21 4 Ao M = 21 uazvouiAdNYR ARSI ABITIM LSBS 5 AnmAugul
(2 =21 futu k> 5) d5vanes Mn vxgn Inaadoyadhlydaen 20
YOUIWAT 19N 199IReNA Y 0, 32, 64,96, 128 160, ... VOLIVALLYDS
TiesmvouadsuIndan 21 wazeedidumiatosined 131818 umaen a1y

o é 1 1 o 1 { 1 o ) U LY {
mcmags:mnmtmumamﬂ3aﬁaguuqmmmmuauammﬁaNqﬂﬂjawv\lwdaé{ﬁ

9 Yy 1o 4 o d to & 9 1o N ' A A
Tdauldnegaaly Faagueanse luduiludesegndumilsvenvadagansed
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Uawgavesvenivauy ddueamsaamisaivsududndumialan #ldaely

¥

VOUAVBIAUIVDY modulo N 1 mua 13udn Henueaas auesvo Uwn g

° 1 1 3 ' Y A "
HAZUDUIUAUUVDIA N UIUDY modulo ﬂz"lugﬂm‘um"h UUALINUIVUIAUDY

' 3 = < ' 1 1 3 1
modulo MUY V]‘DSﬂﬂ!ﬂ‘Uﬂﬂu Mn @IUAVDULDAATENIVOUUA A NLUASUUIY

U

o VoA 1 a a & g o 1
nfmualasmineglu Rn #91senii (Rn)+ gadumstnuamueansan

8
Y " . P 'Y o dy A o dg,
90u( Indirct addressing mode) WU INIVYDILDAATHTVIAIADI INNULINUL

' Y ¢ o ' o . @
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anasrLveIAR (A LM UeARsaTigIy) Tufvedmmyuboudiudumia

LOAATANTIULINAY M-1 (VOUIVAUY)

MMM Addressing Made Arithmetic
G000 Reverse C:af_r;'g;:("éil Re;'grse)
0001 Modulo 2
0002 Modulo 3

7FFE Modulo 32767
TFFF Modulo 32768
8000 Reserved

M19197 2 Address Modifier Type

UPPER BOUNDARY
ADDRESS CIRCULAR T <
POINTER BUFFER !1‘1 = MODULUS
LOWER BOUNDARY

gﬂﬁ 5.10 Circular Buffer
Y 3 i o ' o 1 " o L4 a
ﬂTﬂW@@W!%ﬂ Nn Qﬂi‘ﬁiﬂﬂ'ﬁﬂ'luﬁuﬂ'm%m‘L\l\ulﬂﬂmiﬂ ATNUITUUDY 16 UM
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modulo 61 Mn > M wafi 1&veifludeyaii lidass (depentdent) naz liauase

U

vy 9 1 A a AL " k &4 o ] I~
ﬂiﬂlﬂﬂﬂ aﬂnmm“luﬂmwmwm Nn =P *2" AB9UIUINIVOIVUIAVDIVADN

Y 4

& o) o I ) @ a4 a =1 ad
B P aziiluswoawdnuinawe dmdonsdiwed o1y Rn) + Nn $u5E

Y
. v ' <
Tumssyueanse(addressing mode) #2% (Rn) 92032 Tametradiudunseis
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° 1 P 1 = ) o Vad a d a Y
munusieaasanNmduinsaaiuludwinessuln 1% P ufeniisjanth
) v 5
Tdlumaenaust 9304 5.11) Tukwesfioadu (Rn) -Nn fa3znss Tansiuay
< [ ] o a [ Y o o
P vdennaud lulumiieanusr msldmaialudruasiituse leanilunss-
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wnaeg msuvuiilumsdeiiies vie Wueusd N 4@ (N-dimensional arrays)
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t) [ dy o 1 1 4191 1 [ wva a aa
UMY UAIFVRIA MU Tnea1ndoan1see1980 Tusld silavesuannsea TUAT-
Q'J yd I'd ) Y] a
Uil se Tewsl lun1sadha circular buffer §15u FIFO (n1515171), aons
nHI91(delay lines) taztivilosvoadiosnasiinnueldas 32,768
gzl l¥dmsums decimation , interpolation uagmsa¥egiluuudayge
Y v
[l a 4
Y lna TunsdifienfAe (Rn) = Nn mod M Tae Nn = P *2* flasfidss Topide
(% aé % a 7 g | o
¢19dane3Nu(algorithm) Reafuuumnales udenvosdoyaluniteanuii on

o A SN, Vo . 7
A208719AD NILUIUMINTBULLVVHIU Tae 14 infinite impulse response (IIR) filter

2* ¢
(i
{Rn) & N MOD 14

kw WHERE Nn = 2X (L., P = 1)
2'&

/7 }M

gﬂ‘ﬁ 5.11 Linear Addressing with a Modulo Modifier
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EXAMPLE: MOVE XOX:{R2)*N

LET:

N2 00.....0001111 CFFSET=15
R2 00.....1001011 POINTER=75

0.010 00000
G et
k=6

317 5.12 Modulo Modifier Example
1881904 address register indirect modulo addressing Hazuaaaluglh

v 1 Y 9
5.12 (FuAUNA WML 64 circular buffer YA 21 F1 szgnadieduut funa
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~ Yy K
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1w sav09 modulo Nimuald (ludredreflzegnisluvevwndie + (29 voq

@ y a1 g @ 1 dy 4
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wilasArlnsiidmn doyalu Rn wzgrulfounlasnungues modulo §ree1usu
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MOVE BO,X:(R0) + NO (1o RO=6, M0 =5uaz N0 =0) vz#lda1ro Ll
nlAsunlaunsrz NO = 0 og1e lsfiarmma RO afmiloveuuauy fufy AGU
£AMIUR0+NO-MO-1 dmFuarInilu Rowazda RO = 0
frda MOVE Tugift 5.12 azairdeyaves xo TudvuTumizsanus x Hasey
funislaoR2) 1d(R2) sxldounlasmlnigly modulo d1e81 21 A1lsues

R2 921319 90 usvzidlu 69

Reverse-carry Modifier (Mn = $0000) misnaudadanagnidenTaocsnlud lwd
F9mnes(Modifier Register) Iilugud( guinasadi 2) womasa luANIAFuIZYN
iludamvesaniaunng Tasmsoenuuudmaluiimnafiassfudhumsnduiaga
navziaileufiumsinesadadoyaioglu Rn udasausudrveseemidnoniudm
n53esadnii dimsdrdaueamsaiuy +Nn gnldfuueansa Tudlvioosiiuag
Nn fisfid 27 ULV DY) 3%1L1J‘1Jﬁy%$mﬁauﬁumsﬂﬁu k,LSB ve450d
o3 Rn iiumved Rn lniaudarinsngy kLSB 484 Rn 3nnss 3ensfiaeidiy
‘ﬂsziwﬁmﬂﬁ'unﬁ“l%’qm”luﬁ"mmmuwﬂma{ﬁaﬁﬂ(twiddle factor) ¥®9 FFT 929
fwes Nn azulseglusag 0 i +32K Faazinldifamsnduiindumnd 65536
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uNh 6
Peripheral Section

9 o

Fudndiddmsulig1es) ps ansadndefiemsuns fudsdeyafuginsainig
UBNA1Y (1/O Device) M3oManszatanady (Host Interface) 18 37389158198 e e
ANu§IMEUBALALMIAILAUBU Usznaude

1. External Memory Interface (EMI)

2. Serial Audio Interface (SAI)

3. Serial Host Interface (SHI)

4. General Purpose Input/Output (GPIO)

6.1 External Memory Interface (EMI)

Wudanniugunsdieis (Access) Mmissauimeueniiaiuy Statc tas Dynamic
(SRAM, DRAM) GANIﬂﬂuwﬂ‘luamﬂszmawaﬁfgﬂpmzﬁm (Digital Audio) 92 19m1awa1u$
mevenlumsifiudeyafildnnnsgy (Sample) Famnzaz Widuivindoyaunumiiasnan
(Data-delay Buffer)

Anwensalumsdudmieanuduwy SRAM dunnfigauunn 256x8 bits was
reaI§ Y DRAM AT 4Mx4 bits Fadoyaausadonifium 4 vie 8 Sadld uon
mnfitiamsadenvinavest (Data word length) u 8, 16,20 n5e 24 iaft 14 Tawnsda
rodoyanuuaiiimunsiiulesesn Tudd do Tmemsdred iy siden’d
ﬁgmuv Absolute 150 Relative fi'la

6.1.1 EMI Programming Model uaasfagulit 6.1 S5anedudazfaomtsadhseds

1
U

o & ) a aAa ]
yaldlaefda MOVEP (snifu EDRB FuifutimlessTaned s1wazBenveSiannsusas

- EMI Base Address Registers (EBARO, EBARI) S3eao5911a 24 9 198 my
v v 9y
i1 Base address 719z 19 wans Address azdvda InemsthaE Samesi
lavesnnndliimaes EOR (nadismmidoya) nie EWOR (n3difiGeude

! Y o Q‘ g 2 { I o
ya) Ay EBARx flawsafmualiiiudiu 1 ndsoniidhdsmionnududs
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Taofmualdninivmaes ECSR maelussamesiiueylugy (Unsigned
integer)

23 0

X:SFFEF l Rafrash Control Reglster [ERCRL]‘—-————. |

23 0

X: SFFEB | Conlral/Status Register mcmdo————-
23 (]

X:SFFEB[ Base Address Register 0 (EBARQ) '4——>

23 0

X: SFFEC l Basa Address Ragister 1 (EBARL'Q——-

X:$FFF6 23 0

[ Write Otfsel Ragister (EWOR) }4——'

o

2
[ Offsal Ragistar (EOR) I-—————-
7 o

[ Data Read Ragistar (EDRR) I——-
2 )

0
EDWRU) X: $FFEA
:m,; X: SEFEE Data Writa Register (EDWR) '-——

23 0
L Data Register Buffer (EDRB) |

Giobat Data Bus (GDB)

(EORO) X: SFFE®
{EOR1) X: SFFED

{EDRRO) X: SFFEA
{EDRRY) X: §FFEE

3 To EMI Data Bus
gﬂﬁ 6.1 EMI Programming Model

EMI Write Offset Register (EWOR) J9e1s059u1a 24 9o 19l unsd o
address ﬁ%z‘ﬁwmﬂ%u%y’aaﬂﬁ Junua il EBARX

EMI Offset Register (EOR) 53a90341417 24 9a 191umsfunas address 7192
iimseudeyadidda Dsp sauduslu EBARx Taevalu lunughu Digital
audio 92 ¥ umsdrdedoyaiiimevizenm (Date-delay buffer)

EMI Data Write Register (EDWR0, EDWRI) 33enans e 18t uawn 24
fin 1ifudeyaiidosmsez@ouns lufimisen i hnouen ogfidumis
SFFEA(EDWRO) ilai¢ SFFEE (EDWR1) audaa

EMI Data Read Register (EDRR) 35aan 7o 1u 18 wiiuanin 24 in 148ude
yofidosmsazsumnmiseauineuen ogfiumiis SFFEA(EDRRO) tiag
$FFEE (EDRR1) Audey

EMI Data Register Buffer (EDRB) 5301191959170 24 5 Y1117 Pack mde

Unpack foyait Id@sunios mninmissaimsnisuen iosnndadeyaves
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14 9
EMI Juwn Idifu 4 vie 8 Sawinfudmvnavesd (Word) erailuldva 8, 12,
k4 v i4
16,20 %39 24 1ia Aarfudoynozdesgn Unpack 13 demansfailnou Tedosddariny
o 9 [ r o & o =) oot
awiiadeyaldfomiwanudineuen Taedetims@eudeyaiitinnuenves
v []
Anloondi 24 Iin Gy (Most significant bif) Winiuiszgndeesnly diusufen
Aufumsemdoyn wwAnaling Pack AeudsrssdsliiTaines EDRR de'ld uag
a a o A9 o Ay A Vet o ¥ ' a
imaEngudas lunies lunsdideyaiiom lanuenivesiiiosndt 24 Ga
EMI Refresh Control Register (ERCR) 33aaasvuin 24 Saldlumsniuguais
Refresh 98N $191IA DRAM ueinss1oaz8oadegilf 6.2
EMI Control/Status Register (ECSR) 33ctwosvuin 24 Daldlumsaruquans

989 EMI 5180z @enveudaz auaninsgii 6.3

T 8 5 4 3 2 1 0
£cn7 | ecos [ ecos [ ece [ ecos [ecoz[ ecot [ Ecoo |

L]

23 22 21 20 18 18 7 16 15 14 13
[ erer [eren BB eosr| Eps1 | epsy

l Refresh Rate
12

Prescaler Rate
One-Shot Refresh
Refresh Enable(Debug)
Refresh Enable

Reserved Bit

gﬂﬁ 6.2 EMI Refresh Control Register
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ECSR Read Yriggsr Select {ERTS) ECER Data Ruad Ragister Full (EDRF) | [ ECSR Data Winto Rogister Empty (EDWE)
E.M.l‘ 0 = Triggared by Wiito to EOR 0= EDDR amplyt = £EDRR full b:EDWRiuﬁl‘:EMmty
Sommsmmmssmmen | { = Triggamd by Reod from EDRR r Read Ordy Status Bit Razd Only Status &t
ECSR Data Register Buffer !
nd Dats Read Register Ful (EBDF) — EMI Addressing Modes
Road Only Status Bit - = = =
= Input Ragisturs ot ] EANM (3:0) )_Typo Addressing | Address Linss | Chip Seloct | RARICAS
1 = Dt Ragistar Buffer and Data Road Registar Fub TG00 SRARE [ Pbsciia |MALTAG) wera vefrosh anly
5 0601 SRAMM | Rabtiva MALIT0) TATSD ..
[ECEREN Busy (EBEY) — 0010 SRAM [ Rebsive MAL1E:0} TS n.a.
Read Only Status Bit w011 SRAM |Relbvo  [MA(IE0) WEGT  |na
0z mﬁm‘“” i 0100 ORAM |Reistiea  [MALT:0) na. yos
= = = o101 DRAM  [Reifve  |MA(SD) na. yos
[ ERT DRAM Timning {Rolabve A i fi
- 0130 DRAM  |Ralstisa MALED) na. Y
Word Length | Bus Wicth | EDTM=1] EDTM=4 o111 DRAM |Rotfivo  [MA{10:0) na. yos
5 : r ¥ 1160 DR |Abschde  [MAST) na. yos
2 4 D e 1184 ORAM [Absolda  [MAB:0) na, yes
18 Pl B3 17 1190 DRAM | Absoluta MAD:0) na. yau
12ar18 8 16 1 1141 ORAM | Abwolsia MAL 1000} na. yos
- b 4 2 ECER Incroment EDAR Aftor Read (EINR) ECER Womory Wrap |
0 = EBAR uswnodfiod aftor read Intorrupt Enabile (EMWIE)
il o = by 1= EBAR incresnentad sher road — ¢ = Intonupt Oiatlad
=M&===_—:.‘* = 1 = Intarrupt Enabled
EM| ORAU Timing {Absotute Addressing). ECSR Incroment EBAR After Write (EINW) CE p—
N> 12ior ETJRAGT 0= EBAR urmdifiad aflor write . W Lo
NxB84rEDTM =0 1= EBAR incrempred aior wrila 003 [Bbe datey word
Whera N & the No. of nocesses in @ woed tarsier 00t |16 hit data word
= 010 | 2% bit datn word
F_—tcswmmgmn— EI31|EtS0| Read/Write Intorrupt Seloot 011 | 18 bit dabar24 bit wodr.
Word Length | Bus Width [ Clock Cycles. ) 0 [Rand™irfie inlermagds disabled 100 |Raocarved
[] 4 2x {4+ ESTM) ] 1 |Writo Ink. Vagior on EDWE = 101 12 bit datsy ward
B a8 1.0 {4+ ESTM) 1 0 |Raoatf tnt. Voctor on EDRF = 1 110 20 bit data word
12 4 I {4+ ESTHY 1 | 1 |Raad inl. Voctar on EROF = 1 1t |Resarvod
18 4 £x {4+ ESTAG oo
1200 18 8 2x (4 + ESTMY " o
20 4 Sx (4 + EST} Width ’('EBW)
Py 4 &x (4 + ESTHM) :
200524 B Ix {4+ ESTAG AT
[ECSR EMI Enablo (EME) -1 1
O = indfvidual Resat r'——i‘——-\ y ] F ¥ r q—;\ 1 i, WO
1 =Transfors Erabled (23 22 21 20,1918 17 16,15 14 13 12,1 ¢ 9' 8 6 5 4,3'2 1 ¢
EwE SN TS R R S v [EB6y] BB |EDAT EDwe|Ewrerel i8] B155 |ern| & POYSS (70 ey e
EMi Control/Status ]
Register {(ECSR)|
X:$FFEB Write/Read
Reset = §7C0000

gﬂﬁ 6.3 EMI Control/Status Register
6.1.2 EMI Address Generation MIMUIN Address 9205291 1n8 Address

Generation Unit (AGU) fianaasugilf 6.4

+1 Base Address Offset Register

424 f2

¥
ALU
Word Address: A23-A0 |28 — 3, G200
ress: 4 I—"‘—’ Relative Addressing
Extension Bits
Address Format
Conversion

EMI Address and Chip Select Pins

gﬂﬁ 6.4 EMI Address Generation Block Diagram
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AGU wihmsnnadumisvesisanuiidmsumssudoya lnsmsiie s
a 4 {J A o o = v oW d 9
venneT EBARx lilausenand1lusimaes EOR uagihusefiufums@eudoyaas’ly
v ° 3 [] (] o o o_ ¢ A 4
VUnHIANNE Aursveamizeanudizdian ldnnnisie i Sames EBARX 14
aveonInaluitanes EWOR
v
iensoulimaditedumisvesdoya’ld 4 nuudsdl
y
1) SRAM Absolute Addressing Msindentwanuiwuuiivnedmunisey
doyauvy Wsunsumss wTsunsufiegnieuen DSpyag ansa 195y
Y K ‘ vy
MIIDWVY Relative 1aA 8
2) SRAM Relative Addressing 13Tumsadrefiindeyauumizennusumwy
SRAM(Data-delay buffer) lasarnnsndrsdianizennuiiduniiqa 256k
0 v ;3 tQ g aa 4
A Iuegiualuitmmesaiuguy
3) DRAM Absolute Addressing n151d1fedoyaszdndmussnnusuuy SRAM
TndwBauaveamizennus Idundigavinm am
4) DRAM Relative Addressing 13 lumsadrefisindeyavumizsanuduwy

DRAM(Data-delay buffer)

6.1.3 DRAM Refresh MUIBAMWS LY DRAM A09015M3 Refresh tha 19
9 [ U ] o é ag ' o :J' a9 (Y =)
Yoyadeneagluniagnaius #5353 Refresh mibeanusniudidaesy 2 uuude
Y 2 ] o o 19 P
1) Access Memory M3109M18ANNI WA IM LA enaimunz oy oz
i@ ioURUMS Refresh MUeANS sz doelimsenTusunsulums Refresh
nisanu )
2 ) {at 4 Y
2) Internal Refresh Timer %'ﬂ?‘ﬁwmﬁams 1‘?5) Internal Refresh Timer ﬁnagﬂum

¥
DSP 1nga11n50nIugumsAatIal Refresh Idr S Smmesnauqu

6:14 Read Data Transfer  msgusrfoyannmiwanuirnedesdinsnssdu
_ 4 2 . .
Trigger)iNe 1 DSP Sudusihmssudeyadh Tavaansonszduld 2 guvudie
D nszdulnems@eusiacluiimaes EOR (ERTS=0)

¥ . 1 1 aa o
2) ﬂi::ﬁ]uTﬂﬂmimum%‘lﬂ's%mﬁm EDRR (ERTS=1)
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6.1.5 Write Data Transfer  msi@eudoyans lfiniesnnuiinieusn $uduee
o 1A [ VY ' 9 { y o -3
dosiimsnszdumslausufieatusumsey TaeldiE mydeudoyaiifosnsesii iy

v
Tumitsanuiiae 3 Sanes EDWR 18fesStimeaminiu

o =1 o o .
6.1.6 Data-Delay Structure Wudnuue msmm’feyaxﬂumﬂu (Sequential) #14
. { o ' ’ o v (% [ d’ v A
e Tashidwmisveamizennwine duiusfunafiviag (Delay) 11 Falaseerdag
9
vourdau EMI ifvanefsesiumsifiudeyauunilogudiie EBARX uaz EOR EWOR (luth

%0 6.1.1) Data-Delay Structure uaraa Tnseard1918de71/ft 6.5

Points to Delayed Base Address
Data Sample. Offeet {Poinls to Latest Data Samplg).
E———— ¢ ma— Value

Ascending
Address
Progression
Over The
Entire
Memory
Space.

Buffer 0
Pointer.
(EBAR)

ltustration of One data-delay Buffer lllustration of Two Independent
Moving Along the Memory Address Range Data-delay Butfers of Different Lengths

Region of valid delayed data

gﬂﬁ 6.5 Data-Delay Structure

6.2 Serial Audio Interface (SAI)

DSP mmmaﬂdﬂﬁamsﬁmmfcia‘ﬁ'mga (15U Audio Sample)fiozthuiszananaru
N Serial Audio Interface Ineiflunesnuuvoynsufivhnuuuy Full-duplex Hsam13nid0m
daﬁuqﬂﬂsﬂfnwuaﬂ'lﬁ’wmﬂnmﬂgﬂxmu 1% Analog-to-Digital (A/D) converter, Digital-to-
Analog (D/A) converter udu

dullszneuves SAI Useneuded U (Receive)iaz d9( Transmidienoenonty
Ferosdaniiems 18 Trsn Master uas Slave Taaue$1e Baud-rate Az afimua
anuSalumsdems e 15%amessudoya 2 agﬂﬁﬁmu"lﬁ'ws"amﬁu(Fuuy synchronize

)ymeldganiuguideafiv uReITUALTIcmesyadaiitley 3 g ldndousy
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6.2.1 Serial Audio Interface Internal Architecture 1sznounie 3 daude 89 &
LA
1) Baud-Rate Generator dmsuads clock meluie 19 lus sy SAI

k4 *
NegasuLazeds uens laneguil 6.6

TM%T =0
TClock
O Tx
TMST = 1
TMST —/
RMST = 0
o RClock
/-O—————b Rx
S| 5
RMST = 1
RMST 2 Internal Clock
Prescale Divider J
F Divide | | DivideBy1 | | Divide By 1
B By 2 or To
Divide By 8 Divide By 256
PSR PMO-PM7

gﬂﬁ 6.6 SAI Baud-Rate Generator Block Diagram
2) Receive Section Usgneudaes Snmesniuguunia 16 9a, %

Jmmsinouvun 24 in 2 9m uaziTenaosToynuuin 24 §n 2 ga(RX0 uax

o P
RX1) A9317 6.7
Global Data Bus (GOB)
&
15 Y 9 4 o
Rx ContraliStatus (RCS) RX0 Data Register
. 2 T l o
4 . 9 SDio
) [t RX0 Shift Register -~
- 23 l 0
Status
w" Rx Controller Rad RX1 Data Register
2 4 e
Control Soit
™ RX1S5hifl Register  |—o

gﬂﬁ 6.7 SAI Receive Section Block Diagram
¥ & ) aaa s & o
mﬂgﬁ men”aﬂzQﬂmaummm%mmamamuﬂszmﬂmmu

[ Y
Suaniiafignimua 13luSimaesniugu deyamdniufesgnifiudhdise
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nesdeyniiesenssuninmitedszananadie'ld Tavemnsafmuayun
doya’lailu 16,24 n5e 32 Ta Taouuwy 32 Tn ozl AsmsnuguAniayai
A

wuuduU

Y aa J a o
3) SAI Transmit Section UsgneuAles iciaesaiuguuuia 16 a, 5
a A a a a
Yamesideuvin 24 On 3 g uazismansdoyauia 24 Ga 3 ga(TXO0,

TX1 Uag TX2) #9319 6.8

Global Data Bus (GDB)

23 o

15 o

TX0 Data Register
Transmit Control/Status (TCS) ‘ ] l

SDO0
——a

r. TX0 Shift Register

z [ ¥

- TX1 Data Register
Transmit Controller - 4 l

=3

Status

TCLOCK |

=3

Control SDO1
> TX1 Shift Register - e

z v

TX2 Data Regster

2 ‘ 0

$DO2
|  TX2ShiftRegister ~ [—

31]‘?; 6.8 SAI Transmit Section Block Diagram
$Semedidouits 3 winauliwioun fulunsdsdoynsonligne

uen drfimseygali19nu Senruguen Transmit Control/Status
Register(TCR) Fewinavosdoyaiiazdeennluiu fhi1d% 16, 24 uaz 32
1in

6.2.2 Serial Audio Interface Programming Model U0 DU ﬂﬂﬁﬁ’dgﬁ‘ﬁ

6.9 ﬂszﬂaué’faﬂ?’%ﬁma{ﬁinqﬁq{f

1) Baud Rate Control Register (BRC) FENITafuAR NG Ve
clock 14114919 Baud Rate Control Register Iatnmafienuisoade|dees
fh‘lu'Lﬁunﬁﬂuﬁ'mmmmﬁaaﬂ%mma%’ (Fosc) HAZ a0 3UANETIN
Foyanaumeuen duniiganddaluaues srudeeadammed uernanagl
i 6.10
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a 4 a
2) Receiver Control/Status Register (RCS) EOh G AUANVUIA 16 UA
Tasszimrhiinnugumshaudenveseiudeya swazdeavesday da

weraalugii 6.11

Baud Rate Control Register (BRCIX. SFFED
23 18 16 4 13 2 1 . 9 & 7 & & 4 3 2 1 @
 EREN R EA I EREA RS

i

Recedve ControlStatus Register {RCS}X: SFFE1
2 1% ®w & 8 7 & s 4 3 2 1 @
TRXIL | AXIE | ROWT |RREL | RCKP | RERS] RDIR [AVWL 3] RWLO [RMST R R1EN ROEN |

Transmit Contro/Status Ragister (TCS)X: SFFE4
12 . 1@ /s &4 7T & & 4. 3 2 1 0
] T [TxiE [roee[TReL [oke[Ters] Tosr [rwii [T [TnsT] T2en [ T1en] ToEN |

0 Recsiver O Dats Register
| resd-only
a

X: SFFE2
Recwiver 1 Dats Register

read-only
X: $FFE3

e % Transmitler 0 Data Register
[ | wite-only
X:$FFE5

e

Transmitter 1 Dala Register

4]
1 D il

2 O Tranemitter 2 Data Registar
| | wrte-only
X:$FFE7

gﬂﬁ 6.9 SAI Programming Model

P8R | Description Prascale Modulus Select for SAI
0 | Dividg by 8 prastaler operational Baud Rate Generator

. 1 | Divide by 8 prescaler bypassed

i R

23 1815141312111098r—7654321(T
% J [ | Fe| k| & %[ & [Per|[rar|rue[rus | owe | Pva]rraz| pu[Piv
0 0/0{0{0/0/0]0
0

4 = Bits 9 through 23 are reserved. write as 0

g‘ﬂﬁ 6.10 Baud Rate Centrol Register (BRC)
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Ducrb!ion

WSR low ikerfies Lell deda word,
WSR High idettifies Right data word
WSR high idertiliees Le® dfa word:
WSR bow iderfifes Right dhaks ward

Des cription

Pdirity ix negative

| Desonption

Pdarity s pasitive

D

WSR aocatis wilh 124 bt

Dt shidod in MGH #rst
Dinta shided in LS8 drst

RWL1

R

WSR occurs | syde eadier

Da st

[}
0
1
1

wmiolE
QOS

First 24 DS tansfermad
Last 24 bits tran slawed ROEN] Desciphion
Q Racaiver U dsabbod
Des aription 1 Racaiwr 0 anatted
Rocgiwr intamapis daaind
Reooiver intarmipls anabiad
RIEN] Doscrption
— 0 | Recwiver 1 disehied
R il esmipk vockor 1025 & 315 1. ] RAeiee 1 enstiad
Rx infesrmupt vectar lacntinn of 34
RMST| Des. 0
5 Tnd Ovly Sohis 67 | 0 _ﬁﬁ%ﬂ
[F:11 d:u mmanw 1 SAImastey
Lok deta rogister fulf
Description—Raad Only |
Right dhati pgpstar eenply
Right data negichar kit
L
1 .
23 16151413121110987 5 4
F3 RROF [RUDF | RS OO
0 0
Receiver CoRegliimtyRCS) X:$FFEReset = $0000

gﬂﬁ 6.11 Receiver Control/Status Register

3) Transmit Control/Status Register (TCS)

Tﬂﬂ%zﬁmﬁwﬁﬂmaumsﬁmuﬁhaq%wﬂda%ga wazaveusazia

weraalugi 6.12

4) SAI Receiver Data Register (RX0, RX1)

FAamesmIuguuLa 16 a

S‘l]’dmi) ﬂ JAYUIR 24 1@

dhudeyaifuinnnneusn shaumdeufut 2 §2




5) SAI Transmit Data Register (TX0, TX1, TX2) Sicmosdoyauun

v Y
24 fin Mdihudeyafivgdeenn ligneusn faumdeudust 3 é

TLRS | Uescription
[{] WST fow idanttes Lotk data ward:
WST high identtes Rght data ward
1 WST high ldntides Lot data word;
TCKP | Doscription WST fow identites High! data word
Q Folarty s nagatve
1 Folarty s posdive -
[} Data shitad out MSS frst
TREL | Descriots i Data shited ot L 995 tret
1] WSR occus wth 188 it
1 WSR oomims 1 cyele eatir [TWLI[TWLO] Number of BRI Word
0 [ ST
~ O 1|
TOWE | De 1 Q 3
4] bagt b tvnenited 8 ey 1 1 Resanvad

1 Fiesd bt fiasraenithed 8 s

TOEN | fegcniption
4] Trarsmittar 0 deabiad

TXE | Description 1 Transmitinr 0 anabind
a Tnmﬁm: ntornupls disabiad
1 Tammitier ntrtupts endiod TAEN D

0 Transmiter 1 deatied |
Y Twnsmitter | anatied

TXOL_| Description
[1] T inbarmiph voctor ocaton at 3 1x

1 Tx irtarmipt vsctor bestion at $4x T2EN | Dascopticn
O | Transmitier 2 drabiad
1 Trarsmittar 2 anatiad
TLOE | Descriplion—Resad Oty
0 | Le¥data regwter M [TM5T] Description
1 Lok data regmby emply Q SANsaw |
1 SAimasge
TROE | Oescription—Read Only
0 Rigiv. data mgstar fut
1 %Ndatamdﬂsrama)‘ T
1 l l l l Ay v— T r
23 /15 14 13 12941 10 9 8,7 & &5 413 2 1 0
* FEQEIYLOR oo | VoL [ TRE [ ROWE TRl [ Yen Y LS [TOrR | T TR, o TRETTIEN [T 0 | Toen]
0 0

31Jﬁ 6.12 Transmit Control/Status Register

6.3 Serial Host Interface (SHI)
Serial Host Interface iiudauii 19@arefiv Host processor neuen Tasiinmssume il
AugUuuyvesiiceynsufidiuiidntusduntrauns (Synchronous Serial Bus) 144

Motorola Serial Peripheral Interface (SPI) 1ta¢ Philips Inter-Integrated-circuit Control (I'C) Tag
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s I4we Tnun Master uag Slave seesuanNevedeya la3uuufe 1,2 uag 3
lu wennnfigedl Butfer Wndayafiusn 10 sE§ULUL FIFO (First-In-First-Out)

6.3.1 Serial Host Interface Internal Architecture DSP 92 ueauiv SHI iy
{er3JoU Peripheral register ﬁagiuﬂﬁaﬂmmﬁwmﬂiu (X-Memory) Fearunsoudlunazinion

] ¥ ] dy d'
tedoyaldlagldddelugiialy (MOVEP) Block diagram vesdaufiumnslugyil 6.13

Host Accessible DSP Accessible
ERSRSERSSSNY

DSP
Clock Giobal
~! Generator [ I Data
SCKISCL i
MISO/SDA AN i
] Logic
MOSIHAO |  pin ¥
=l \\ INPUT/OUTPUT Shit Register
% ANNNNNNNNRTETANNNSSNAN
TSMHA2 7 A
HREQ =
Slave
Address
»| Recognition
Unit ,
(SAR) | HSAR |stgemepeed

—24BIT
gﬂﬁ 6.13 Serial Host Interface Block Diagram

6.3.2 Serial Host Interface Programming Model
S aa J S a ay
T0AZREAYDIS VaAIRDT A Rl
1) SHI Input/Output Shift Register I0SR) {15 3mmes¥u-dedoya
¥ Host meueniy sHI Tnamdfoudiudulasdoyavinuunaiu-
oYNT UazaYNIU-vURaINIleNIWIN eIV Ty IR 8, 16
= o/ 4 & _
n3e 24 Tadauaaslugli 6.14 Taoidedon1duuy 8 fn Most Significant

Byte 92qn19151u Shift register MuoafenTusuLLY 16 Sa
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23 16 15 8 7 1]

e o _

i

24-Bit Data
Mode

Mode of Operation  8-Bit Data| 16-Bit Data
Mode Mode

"7 Stops Data When Data Mode is Selected
"T" Passes Data When Data Mode is Selected

31]# 6.14 SHI /O Shift Register
2) SHI Host Transmit Data Register (HTX)  1¥lumsinfouthedoyasin
DSP il Host i eimesurnn 24 Ta lumsimAeudhedosya ludiae
(@ 1in) Foyafioglu Most Significant Byte 404 HTX Mwifuﬁwgﬂdmeﬂ"lﬂd
Host iheaernunudeyayuia 16 da
3) SHI Host Receive Data FIFO (HRX) 143 30185 11u1) First-In-First-Out
fnmwan 10 §1us usasFiufiue 24 Do TadmSuindoyaiisuuen
Host meuen Tasmssudoyaiiinauentiesnit 24 fin Most Significant
Byte ¥94 HRX fazgnififiudoyaiiu (drufimio siiuguilisn Tudd)
4) SHI Slave Address Register (HSAR) 12 gn19iife SHI gnldenslu Tnue
I'C Slave Invazimihfifiue Address f195aufusu Tnuail
5) SHI Clock Control Register (HCKR) Hussamesauaumsad
Clock 394%4 Phase Loz Polarity 7119 lumsfndey Host Taeeutsoatag
A Ifqeganilsludvesninidenadamined (Fos)@ M50 I¥iua SPI tay
nilslunnlunsdl Tnua r'c (mmmﬁ"ummﬁmﬂmauaﬂ"lﬁ'mﬂﬁqmﬁu
wilslumunenitaludude 1910 Tnue spruas e AR M)
6) SHI Control/Status Register (HCSR) F3maes 1¥nIugums

vawes SHI i Tnuamsvi fiudu meaziBeauaastugii 6.16
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HSAR PC Slave Address
Stave addréss = Bits BAB-HAD, HAY shd exetrssl pires HAZ, HAD
Slave sddress aller resel = 1015_HAZ_0_HAD

Y

T T T
23 22 21 20,19 18 17 16,15 14 13 12,11 10 § 8,7 & & 4 3 2 1 0
SHl Slave Addross [FaTrasTwaa] x| Je [mae] de | Je | Je [ % [ de | % | % | | % | % | %[ | % | % | %[ we | %%
Reglsterx‘(gg:?g 0 0/06j0|0|0|0/0O|0j0|O|D|O|C|O|O|0O|0|0
Reset = $Bx0000 0 0 0 0
SH! Slave Address Register (HSAR)
HFM3 THFMO [SHI Noise Reducbon Fiter Mode CPOL [CPHA TRosult
0 |0 [Bypassed (Ftar dsabied) g G |SEK active low, Shobe o Tsing sdge
] 1 Rnﬂawd_ 0 1 [SCK nctive kow, strobo on fating edge
1 0 |Narrow spike Wiecince 1 O |SCK setive high, wrabe on faling edge
1 1 |Wide spike inerance 1 1 [SCK activs high, strobe on rising edge
HRE  [Rewull
0 [Prescder opetationd |
1 |Prescaler bypassed
l | HCKR Divider Modulus Select
¥
¢ S, e S
23 22 21 20119 18 17 16,15 14713 12111 10 98,7 6 5 4,3 271 o
SHI Clock Control | % [ T % [ [ T [ [ 3 [ [ % [To"] & | o | 3 [Fovompeadroncrou|riw] melerms
Register (HCKR) (0| 0| 0(0{0|0(0|0|0|0 0/0|0
X:$FFFQ
Reset = $000001 0 0

¥ = Raserved, write a5 0
SHI Clock Control Register (HCKR)

gﬂﬁ 6.15 SHI Slave Address Register And SHI Clock Control Register

6.3.3  Characteristics Of The SPI Bus 1/a9oyauyy SPI 15z noudemaiu
Yoya 2 idu (18ud MISO waz MOSI), Fyaeuin (SCK) uay dyaion Slave
vy
Select(SS) dmiumsiuuagdedoyamunsasiluldwdouq fusis 2 nsTaoanlnezidiu input

NIvoutput ﬁuﬁuaéﬁumsﬁmuﬂTwmmsﬁmumn Control Register

dauues Clock i amnsaiden Polarity 14 2 unuiiteIerenndesfugUnsaiaudi
s ldauwiu Tasgtuuvvesdyaumequansdegli 6.17

Foyaon S8 i input AlWgUnsalBudedaarannidondaiuliinumie gl

(N3 ENUILY Slave) Tnefn liifideyananidion 41 output 1294 1UHN12¢ high-impedance
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HRQE | HRQE( | HREQ Pin Operatica
0 0| Hgh impedacice
— 0 1 Auseetod if HOSR rensdy Y0 ruoceive nww word
HRIET | HRIEQ Intetrupt Condition 1 0 | Asserlodif IOSR rmady do traremi new word
i Q dinabled na. 1 1| PC: Assielnd i OSR ready 1o Braramil o rsosive
] 1 Receiva FIFO not amply |HRNE'=1 & HROE-0 SPL Assented #IOSR ready to irarsmil atd receie
] Reveediens Ovevrun Ereer | IRROE=
1 reserved n.a. PP
: Resceive FIFD fall HRFF=1 & HROE~) "g’ J'%"—%.ﬁ%""—
Réscerve Ovesnun Errer [MROE=1 o 1 16 b dals
1 0 | 24 b¥ dat
Host “g:r;ma Un;;mm Error 1 1 ﬁmmd"
Host Transfer Data Empty o [WFIFO | Description |
Resad Ordy Status BX “'DDLE 3,; Bisy = T | TEa Fro |
; 1 [ 10wl FIFO
Host Recsive FIFO Not Empty 1 |Stopevent !
Rasd Only Stavits Bit
Host Receive FIFO Full o Bt
Resd Ordy Status BE o
t | Bus Ercor Interrupt enabiod HMST[Rezult
Host Receive Overrun Evror 0 Lave inade HEN [ Doscription
Read Ordy Stabus Bt 1 Master mode T |SHE aisibied
HBER e &Pt Modo Wl
@ N: um'!x ) No ""UJ ~ WTIE| Description HIEC| Rosult
L L 2 (35 — T | Trarmsmt Inropt Gobied T [SPimods
e i S Nole 1| Tranwmi Inkerrap activaied t | FC meds
1+ Stop overt |Not Busy ]
k] SHi deteets | BT detecind
Start (Stave)
@
HTXAOSR not
ariply (master)
¥ r 3
¥ ¥ —— ¥ — y 1 — {
23 22 21 20 113 18 17 16 |15 14 13 12 11 10 8 7 G S4B 2 1 o
¢ | HEUBY [HBER | ROl | H&FEF [T HIDE [HTUE [ARIET [HRED [BTE] hEE | AGE| HEGEL | PRGES | RiAsT | reire O ETE ERFR T
% * ¥* "
0 0 0 0
% = Resarved, write as 0 5H1 Control/Status Register (HCSR) X:$FFF1 Reset = $008200

gﬂﬁ 6.16 SHI Control/Status Register

s T —

SCK (CPOL =0, CPHA = 0)

SCK (CPOL=0.CPHA=1)I l I ] ' l I I
NN

Internsl Strobe for Data Capture

gﬂ‘ﬁ 6.17 Characteristics of SPI bus
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6.3.4 Characteristics Of The I’'C Bus Fateuauuy I°C Usznaudide

3 2 e (SDA) uazdygnauniin (scL) Taefe 2 ndesfimsde fuundsdionansing
pull-up resistor dganvANAIUME 199U
CCProtocal  sznoudasmgmsaimeite 14 lunsfudedoyadado i
- Busnot busy ﬁﬁﬂegmmzﬁ@npm clock 3 logic high
- Start data transfer mmlﬁﬂufrmummﬂ’ﬁ%uumm high 11 Tow vz
fidfoya 0t clock fia0IUL high Faguil 6.18
- Stop data transfer msLﬁ%‘uuﬂmuzmmﬁ'ﬁ%umm low 11 high vauy

Ndfeyay1au clock Veto1ue high Aagal 6.18

-

k YA 0
i 1
1 - 1
| |
g nraw/h . ANSEE
1S 1 1

b——

Start Event Stop Event

g‘ﬂﬁ 6.181°C Bus Characteristics

Start Clock Pulse For
Event Acknowledgment
SCL From I
Master Device —w— 8
: - -
Data Output : -
by Transmitter \ X x x /
: S
Data Output S &

by Receiver \ s
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NN 7
Software Algorithm

Polyphase Filterbank Algorithm
oF1ne gt unevseil
1) Tsunswegvimsasaeaevuduflumssmudoyaidhg Polyphase Filterbank aSausnnso
T0i(1" pass flag) Sruihumsriafausn Tlsunsuszshmsededm uw sy Analysis
Window Tifhuguéanua Lm'ﬁ’w"l,u"lﬁ?ﬂﬁMuﬂ%\m';'ﬂﬁﬂzL%wﬁjifumauﬁ'ﬂ"lﬂ
2) s copy Toyavesdoygrumaaeu i 32 mieglum Tudunldasly ardumeiedt
480 914 511 (Newest input samples)
3) G'm%q'ﬂszmumi Filter [a6vimsfnuan vector z 11ndoyaly Analysis Window faar
ms
Z()=C@i)*X(511-) ; 1=0,1,2,....511
T X(i)=input sample 14 Analysis Window
C(i)=Filter Coefficient
Z(i)=Vector Z
92 Tanadnsi9 119U 512 /1 T vector z buffer
4) e lu vector z buffer U1t Partial Calculation Seerynis
.
Y() = X[ Z(+64)) 1;i=0,12,...63
j=0
198 Y(i)=Partial value
Z(i)=Vector Z
5) F1U9M Matrixing AIUNTS
63
SG) = 2 IME)*Y®) ];i=0,12,...31
k=0
Tt M(ik)=cos[(2i+1)*(k+16)*TC/64]
Y(k)=Partial value
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wadwyii Id9ziTu output ¥e4 Filter udag subband 1514 S(0) 9241 output ¥04

=y
subband %11 Start
Check 1st pass
flag.
Yes Clear analysis
window and output
buffer.
No
Get new input

from memory.

Partial calculation Calculate vector z
and store 64 and store 512
resultsto Y(i) [ results into vector

buffer. z buffer.
y
Matrixing
calculation and

store 32 filter Shift dqwn data in
» analysis window
Quipl into by 32 locations
subband buffer Y '
(1 o/p : subband).

End Filterbank.

g‘dﬁ 7.1 Flow Diagram v84 1150051 Polyphase Filterbank
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FFT Algorithm

1)

2)

3)

4)

5)

6)

7)

8)

a%mai'x"’uﬁawhqq et
Tlsunsugymsasandeudufiumsiudeoyarhg FFT ﬂﬁzmiﬂw?a"lﬁ(ls' pass flag) 1
funsshundausn Tsunsuezvhmsldgudliu 64 dumisusnues FFT Analysis
Buffer (Zero padding) udnlilmssunsausn Tosunsy e foya 64 Aunisaga
(Newest 64 samples) 911 Frame fiauwﬁmﬂdﬁ 64 FULAUITAYDI FET Analysis Buffer
M3 copy doyavesdygrumaaen i 48 drfieglum Tidinldasly o duamief
IMA0IUATULAY Frame i’fﬂ‘ga (Newest input samples)
1h Frame $oya# 1811y1ms Windowing #28 Hann'’s Window Tagd8enats1elu T

9

50 lddmualineuuda
v 9 v
Yoyan 1Adg FFT Calculation Y119 512 9a 1miwsiins Bit reversal oS oena

e

U

ﬁe

Wi I8 1R gnAe sy
VNMAdWI 256 Ausnii 1897 FFT Caloulation 118114381 Power Spectrum 91NAUAT

power_spectrum(i)=x2i+ y2i s Lf]'é) x=real part of FFT

y;=imaginary part of FFT

nnuTau Power Spectrum 8O 32 §302 8 AFUVINTUS1UIY subband Vo
Filterbank
AU Power Spectrum Wiog lunise dB famrunis

power_spec’crum(i)=10"‘LoglO(x2i X yzi) [dB]
vheft IduniaSoufenfumetudanud 16t (2 daw) emeiiuniigadmiuld
Wudaunu 32 61 () Aozl lnSoudious scale Factor am11de1n Polyphase
Filterbank
mﬁwﬁumﬁqﬂmﬂﬁmmu 32 A iife 19Ansh Offset'ﬁ%zﬂﬂs:ﬁ'uwﬁ'mu%u"hJ 96 dB
S L

Offset=96-MAX(P,)

9) wane Offset i 1Y P, nae Taesmdanuiinniiqaozdadiu 96dB wei
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Start

Check 1st passed
flag.
Get last 64
samples from No Firek pasdd Yes | zero padding first
previous frame passs 64 samples' buffer.
into buffer.
.~ Get next new
- samples.
Get only first 256
FFT's spectrum
W‘"ld°‘”edHSa}l2n. : Start FFT and divide into 32
o'l erf dby calculation routine. subband (8
WIS spectrums per
subband).
4
Compare
Subtract maximum magnitude within Calculate Calculate power of
power of band by subband to find ” spectrum of FFT
20%l0g(512) . maximum power 10%og[( power_of_spectrum)] (A2+yA2).
of each subband.
A
Find I{arg_ast value Calculate o_ﬁ’set A offset valus to
within 32 | value to shift up o each magimim
maximum power power of spectrum
of band. by 96 dB. PO T I,

End FFT.

g‘ﬂﬁ 7.2 FFT Flow Diagram
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Function Logarithm Base10 Algorithm [ Log10(X) ]
3101880t
1) a1 X lay
- f191 x=0 ezeenvinTusunsuud
- 1 X>=1 %9 X<0.5 (Unnormalized) 11)s4tA53f92%1115 Normalize #1 X
Ty
2) 81 X>=1 92¥MIMsAn X §282 aunseits X<1 udauiudinu
adafivs @ B
b) 1 X<0.5 9z imsgaisi1 X 428 2 aunseste x>=0.5 udaiy
ﬁm’;uﬂ%geﬁﬂm ) TAuag set flag X<0.5 13d2e
- 10.5=< X<I (Normalized) f19&#17m158 1478 Function Logarithm Al
2) UM Logarithm §7% 2 [ Log2(Y) ; Y=Normalized(X) ] 11Aeu15
Log2(Y)=4*(-3372223 Y" + 9981958 Y - .6626105)
3) wlaelveglugy Logarithm 571 10 Tnsgamadnyia 1880 Logl0(2)=0.3010
Logl10(Y)=Logl0(2)*Log2(Y)
4) ATINADUANIULYDY Flag X<0.5
- 01 Flag X<0.5 g Set Mefian input X Tetioon 0.5 Suipsi9zdeq
auii If0nde 3 &26 0.301%n Tasdi n d "n’mauﬂ‘%@ﬁ@mﬁw X #4702
- &1 Flag X<0.5 lign Se: muneflern input X fidunnnd 0.5 Sudese:
doawanaildande 3 426 0.301%n Tneft 1 deSruaunseiinsa x
#1 2 3o MmN X 861499 Normalize 111 AezfisuvfugudTng
LG

v  oa [ A qa/’ v o
oW Idndsnnmsuanvdeautiueziiiuives Loglox) Kt
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Check input
value X.

Yes

Is the value

=0 ?
normalized? X=07

No

Set flag X<0.5
Multiply by 2 until Divide X <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>