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2.4 Least Mean Square Method
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2.5 Active Feedback ANC
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33.11.3 Hﬁmﬂﬂmﬂﬁn Code Composer Studio V2(CCS2)
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GEL Save
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szdudrunldeuTasunsuaney

€ oot SoeamDS e S
@ File Edit View Project Debug Profiler GEL Option Tools DSP/BIOS Window Help ~1=]x]|

BB L BR[0T S ARhGR BN e[ EE AR
loneat =][oebe B TEREESY
=R O!EIIEIH

include "tonecfg.h"

® Files ‘ H " -
#include "dskS416.h

P | |2EGeLfies ‘#include "dskS5416_pem3002.h"

@ | |2 Projects #include <math.h>

5 23 tone.pjt ‘#include <C:\tic5400N\dsplib\include\math.h>

Ry (] DSP/BIOS Confic| | #include <C:\ti\c5400\dsplib\include\tms320.h>

@ () Generated Files ‘#include <C:\ti\c5400\dsplib>include\dsplib.h>

-G Include ‘#include <stdio.h>

@ Libraries \DSK5416_PCM3002_Config setup = { 0x1£E, 77 Set-Up Reg 0 - Left channel DAC attenuation
- Sourcs 0x1£E, // Set-Up Reg 1 - Right channel DAC attenuation

fa] tone c 0x0. /7 Set-Up Reg 2 - Various ctl e.g. power-down modes
(5 tonecfg.cmd 0x0 /7 Set-Up Reg 3 - Codec data format control

}

‘int online=0;
long offline=0;
‘long offline2=0;
2

aAFOE WeR

'DATA Whitenoise=0;
Int16 left=0,right=0;
float X=0;

float Rx=0:

float X2[64]={0,0,0.,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,
//float Xdelay=0:

‘float Rx2=0;

//float Rxwhitenoise=0:
§//float e[200]={0,0.0,0,0.0,0

!//float Hw[16]={1,1,1,1,1
‘float HHATw[64]={0.0,0,0.0,

oo-

float sumfilter([64]={0,0,0,
e ——— ‘float suml=0,sum=0:
e 4 d//f1loat sum11[16]={0,0,0,0,0,0,0,0,0,0,0,0,0,0, @588 3
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ol e S X| dB IR
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i 0: =
Save All nt count=0;
(i nt NumxHAT=0 0, NumyHAT=0 3
& Load Program...
o Eon oL bid UserTask()
Add Symbol...
A st Progam
2 DSK5416_PCM3002_CodecHandle hCodec:
2 Load GEL.. hCodec = DSKS416_PCM3002_openCodec(D, &setup); ~/ Start the codec
| Dets @ DSKS5416_PCM3002_setFreq(hCodec, 6000);
= 2 count2=0;
Workspace » online=0;
=) File V/O... ko1 o)
online==
g Print... Ctr+P
s for (roundN=0;roundN< 100000 ; roundN=roundii+3)
facek Sotece e "| rand16(sWhitenoise.1); //¢--m--mmn Tz
Recent Workspaces * |  X-=Whitenoise/2;
Recent Program Files » | while (1DSKS416_PCM3002_writel6(hCodec, Whitenoise)):
Launch Setup while ( = _writel6 (hCodec, 1tenoise));
hile (1DSK5416_PCM3002 16 (hCodec, Wh ))
while (!DSKS416_PCM3002_read16(hCodec, &left)):
Bxit while (!DSK5416_PCM3002_read16(hCodec, &left));:
T Rx=left; A Rx
sum=0;
/Error=0;

Rx2=Rx/32768.0;
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=] tone.pjt 19
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& -0 Generated | Run Free
s @] Include Run to Cursor Clv\ F10 Cod SRR e
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& 63 b SetPC to Cursor f416_PCSNg lone aCed aci(ll. 165 fiim) S (S~ JW
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Reset CPU 6
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Reset Emulator

Enable Task Level Debugging
02_writel16(hCodec, Whitenoise)):

Real-time Mode

Enable Rude Real-time Mode 02_writel6(hCodec, Whitenoise)):

002_read16(hCodec, &left)):

while (IDSKS416_PCM3002. read16(hCodec, Sleft)):

Rx=left; e Rx

sum=0;
//Error=0;

Rx2=Rx~32768.0;
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#include "tonecfg.h"
#include "dsk5416.h"
#include "dsk5416_pcm3002.h"
#include <math.h>
#include <C:\ti\c5400\dsplib\include\math.h>
#include <C:\ti\c5400\dsplib\include\tms320.h>
#include <C:\ti\c5400\dsplib\include\dsplib.h>
#include <stdio.h>
DSK5416 PCM3002_Config setup = { Ox1ff, //Set-Up Reg 0 - Left
channel DAC attenuation
Ox1ff,  //Set-Up Reg 1 - Right channel
DAC attenuation
0x0, // Set-Up Reg 2 - Various ctl e.g.
power-down modes

0x0 // Set-Up Reg 3 - Codec data format

control
)
int online=0;
long offline=0; %} \),7{’)
long offline2=0; J h & Ta.. U‘ a{\e‘?

/********************************éﬂ!l******P}LASE I****************************

***************************************/

DATA Whitenoise=0;

Int16 left=0,right=0;

float X=0,

float Rx=0;

float
X2[641]=10,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

float Rx2=0;



float
HHATw([64]=1{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

float
sumfilter[64]=1{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

float sum1=0,sum=0;

float Error=0;

int RoundShift=0,R oundShift2=0,RoundFilter=0,RoundLMS=0,RoundFilterH=0;

longroundN=0;

int i=0,j=0,k=0;

int count2=0;

R e e S T D |

3k 3k sk sk s sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sie s sk sk sk s sk skt sk sk sk ****/

Int16 leftlI=0,rightII=0;

double
Ww[64]={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,00,0.0.0,9,0,0.,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,050:

double

XHATX[64]={0,0,0,0,0,0,0‘,6‘ (),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0L?J0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

7 N\
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0; - -
double Wé”aﬂlnﬂ[lﬂaaa?
xBARy[64]=10,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

double
yHATYy[64]={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

double
yBARx[64]=10,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

doubleell=0;

Int16 yout=0;



double sumHHAT1=0;
double sumHHAT?2=0;
doublesumHHATW=0;
doublesumout=0;
int roundHHAT 1=0,roundHHAT2=0,roundLMS=0,round W=0,roundE=0,roundEII=0;
int count=0;
intNumxHAT=0,NumxBAR=0,NumyHAT=0,NumyBAR=0;
voidUserTask()
{ DSK5416 PCM3002_ CodecHandle hCodec;
hCodec = DSK5416 PCM3002 openCodec(0, &setup); // Start the codec

DSK5416 PCM3002 setFreq(hCodec, 6000);

count2=0;
online=0;
if(online==0)
{
for(roundN=0;roundN<100000;r0 =roundN+3)
{
rand16(&Whitenoise, 1); //<=-====== Tx

X=Whitenoise/2;

while ('DSK5416 A%M3OO2 writel 6(hCodec, Wh]L@hOlse))

while ('DSK5416 Pd\j}? w1tcl6(f(ﬂ1)d§@fﬁh1tcn01se))

while ({DSK5416 PCM3002 rea(!p6FLC0dec &left));

while (IDSK5416 PCM3002 readl6(hCodec, &left));

Rx=left; //<-------- Rx

sum=0;

Rx2=Rx/32768.0;

for(RoundFilter=0;RoundFilter<64;RoundFilter++)

{
sumfilter[RoundFilter]=(X2[RoundFilter])*(HHATw[RoundFilter]);
sum=sum-+(sumfilter[RoundFilter]);

}

Error=Rx2-sum;



for(RoundLMS=0;RoundLMS<64;RoundLMS++)
{

HHATw[RoundLMS]=(HHATw[RoundLMS])+((1.0/32768.0)*Error* X2[RoundLMS]);

H
for(RoundShift=63;RoundShift>0;RoundShift--)
{
X2[RoundShift] = X2[RoundShift-1];

H
X2[0]=X/32768.0;

H

online=1;

H

if(online==1)

{

for(roundE=0;roundE<10;roundE=1)

{

while (!DSK5416 PCM3002 readl6(hCodec, &leftll));

while (IDSK5416 PCM3002 _icad16(hCodec, &leftll));

e%efﬂl/32768.0; 'J\(,)
AN O
sumHHAT]:@')n N P 6‘5

9 0%,
sumHHAT2=0; aﬂ'n nIu‘a
sumHHATW=0;
sumout=0;

for(roundHHAT1=0;roundHHAT1<64;roundHHAT1++)
{

sumHHAT1=sumHHAT1+(HHATw[roundHHAT1]*yBARx[roundHHAT1]);

§
for(NumxHAT=63;NumxHAT>0;NumxHAT--)

{
xHATx[NumxHAT] = xHATx[NumxHAT-1];



b
XxHATx[0]=ell-sumHHAT1;

for(roundW=0;roundW<64;roundW++)
{
sumHHATW=sumHHATW-+HWw[roundW]*xHATx[roundW]);
}
yout=sumHHATW*(32768.0);
while (!DSK5416 PCM3002_writel 6(hCodec, yout));
while (!DSK5416 PCM3002_writel 6(hCodec, yout));
for(NumyBAR=63;NumyBAR>0;NumyBAR--)
{
yBARXx[NumyBAR] # yBARx[NumyBAR-1];
H
yBARx[0]=sumHHATW,;
for(round HHAT2=05roun AT2%64;roundHHAT2++)
{

sumHHAT2=sumHHAT2-+(HHATw|roundHHAT2 |*xHATx[roundHHAT2]);

}
f@umxBARzaz;NumxBAR>0;ﬁmanAR--)

S D)
{ J Nepr s 2 a"v
g Yo
xBARy[NurLQ]?AQPl gLaRy[NumxBAR- 1];

}
xBARy[0]=sumHHAT2;

for(roundLMS=0;roundLMS<64;roundLMS++)

{
Ww(roundLMS]=Ww[roundLMS]-((1.0/32768.0)*ell*xBARy[roundLMS]);

}

DSK5416_PCM3002 closeCodec(hCodec);



void main()

{
/" DSK5416_int();
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AUANT YT finudianae F=100,150,200,250.300
F=100 FI50 F=200
n Before(v) after(v) before(v) after(v) before(v) after(v)
1 -0.016205 -0.14825 0:10025 -0.119884 0.15063 -0.0525
2 0.3472 -0.12489 0.124298 0.09504 0.11276 -0.1155
3 0.651794 -0.0561 1;1 0.338898 0.117802 7[0 0.02411 -0.0916
4 0.630829 -0.07736 7) A9r(‘)?9z ,O'rl 5%51&%0 -0.05954 -0.0589
5 0.618042 0.14773 Oggjﬁﬂlnnlgllqgl;i -0.08115 0.02114
6 0.439484 0.14519 0.358704 -0.045883 -0.04675 0.00879
7 0.0593262 -0.00553 0.110779 -0.160609 -0.04678 0.0382
8 -0.340942 -0.03653 -0.107343 -0.218779 0.02884 -0.0485
9 -0.452551 -0.11149 -0.361365 -0.143951 0.10846 0.04674
10 -0.50307 -0.07348 -0.48407 -0.100197 0.1453 0.04028
11 -0.411353 -0.02707 -0.347754 0.1592646 0.11578 0.02733
12 -0.352873 0.013278 -0.146802 0.1858959 -0.10723 0.06761
13 0.101705 0.11806 0.1852417 0.1550152 -0.18704 -0.001225
14 0.156433 0.19076 0.0587463 0.0360886 -0.23721 0.05531
15 0.216675 0.13327 0.3050232 -0.108994 -0.23578 0.04557




F=250 F=300
before(v) after(v) before(v) | after(v)
1 | 0.1232666 -0.03868 0.4551392 | 0.0371
2 0.36947 -0.09678 0.641052 | 0.1402
3 0.44085 -0.0654 0.599731 | 0.0624
4 0.308038 -0.05264 0.356903 | -0.046
5 0.071167 0.06098 -0.066132 | -0.0644
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10 | -0.19745 0.17305 0.087189 ¢ -010896
11 0.07058 0.114434 0.388367 i -0.083
12 0.38587 -0.142294 0.568573 ML-0.0862
13 | 0.560578 -0.028776 0552938811 ,0.04306
14 0.42248 -0.06043 0:282043." |10.08663
15 ] 0.146332 0.1532281:‘ -00128235 | -0.0389 A
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AN (Hz) foumMsaaney (dBW) | nasmsaaneu (dBW) | mmsnaneu(dBw)
100 1.17 -21.15 -22.32
150 1.29 -18.832 -20.122
200 -10.01 -35.26 -25.25
250 4 -16.59 -20.59
300 5.97 -17.31 -23.28
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TMS320C5416 DSP Starter Kit (DSK)

TMDSDSK5416

Description

The TMS320C5416 DSP starter kit (DSK) is a low-cost/development platform designed to speed the
development of power-efficient applications based ol TI's TMS320C54x DSPs. The kit, which provides
new performance-enhancing features such as USB unications and true plug-and-play functionality,
gives both experienced and novice designers/an easyiway to get started immediately with innovative

product designs.

The C5416 DSK offers the ability to detect, diagnose and correct DSK communications issues, download

and step through code faster and get higher throughput with Real Ti‘a,s Data Exchange (RTDX™),
A

25, P 65\)

Nenaginalulad®:

The kit includes:

* C5416 DSP Development Board -

* C5416 DSK Code Composer Studio™ v2.1 IDE
* Quick Start Guide

* Technical Reference

¢ Customer Support Guide

* USB Cable

* Universal Power Supply

* AC Power Cord(s)



Daughter Cards - Add new functionality to your TI or Third Party DSP development board. Evaluate a
wide range of data converters, prototype boards, new I/O interfaces and many other peripheral devices.
These compliant cards will allow you to connect with TI DSKs and some TI EVMs seamlessly via
common connectors (TMS320 Cross-Platform Daughtercard Specification). Other Cards that are not

compliant may require glue logic or special cabling to work with TI DSP development boards.

Features

The TMS320C5416 features the TMS320C5416 DSP - the designer's choice for applications that require
an optimized combination of power performance and area. With 160 MIPS performance, designers can
use the 160 MHz device as the foundation for a range of signal processing applications, including speech
compression/decompression, speech recognition, text-to-speech conversion, fax/data conversion and echo
cancellation. Other hardware features of the TMS320C5416 DSK board include:

* Embedded JTAG support via USB

* High-quality 16-/20-bit stereo codec

* Four 3.5mm audio jacks for microphone, ling in, s er and line out

* 256K words of Flash and 64K words RAM

* Expansion port connector for plug-in medules

* On-board standard JTAG interface

* +5V universal power supply

% L{o
25, . P a,a\)
Nengginaluiad®:

Software Tools - Designers can readily target the TMS32C5416 DSP through TI's robust and

comprehensive Code Composer Studio development platform. The tools, which run on Windows© 98,



Windows 2000 and Windows XP, allow developers to seamlessly manage projects of any complexity.

Code Composer Studio features for the TMS320C5416 DSK include:

* A complete Integrated Development Environment (IDE), an efficient optimizing C/C++ compiler
assembler, linker, debugger, an a advanced editor with Code Mastro™ technology for faster code creation,
data visualization, a profiler and a flexible project manager

* DSP/BIOS™ real-time kernel

« Target error recovery software

» DSK diagnostic tool

* "Plug-in" ability for third-party software for additional functionality

What's Included

* CCSTUDIO,Code Composer Studio (CCStudio) 1 rated Development Environment (IDE) v5

* Target board specific
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