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1. INTRODUCTION

Digital signal processing, and hence the
every technology such as telecommunimatiinfrastructure including 3QGwireless,

cable/DSL modems, digital cameras, digital audio players and etc.

To understand the logic residing in this technology, there is an easy way such as working
on aMP3 player from beginning to the end, dealing with its all aspects included. This
gives an engineer understanding of digital signal processing and its impoRageeding

from this point of view, | designed aviP3 playeronly using C6713&ndprogramming it

in CCS

My sources are mostly, DSP tutorials supported byofficial web site and the books

written specifically on DSP technology.

My approach to the sulgewas from both software and hardware aspects. First of all, |
learned the necessary basic information MR3 format, MP3 player, digital signal
processing an®SPs. Then, | worked on a simulation in LabVIEW and fimal ssepwas
implementing theMP3 player on C6713 by programming in CCS in both C and

assembly languages.

Research waslready done on this topic, but my aimwas to explain digital signal
processing with a specific exampresimple terms without oversimplifying it.

There are two basic thgs this project aims: Understanding digital signal processing with
digital signal processors and haras implementation of arMP3 player from both

software and hardware aspects.

Through this report] gave some fundamental informatiabout the hardware and
software properties | used andtroducedall the steps lhad to go throughduring
programming the DSRilong with specific screen shots and example command lines.
Because this is mostly a software project, a CD is included in avdaupply necessary

codes for thg@otential userExplanation of each code resides inside the texts.

In the conclusion section, tiéd to summarize the overall concepticceeded/failed parts

and possiblefuture progress of this project tried to be as simple as possible in my



explanations without oversimplifying the topic aadnedto approach the concept from a
computer engineer point of vieand not an electrical or an electronic engineer point of

view.

Kstanbul, August 2008 Derya S¥ZEN
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The purpose of this part is to introduce you to the main features of the hardware and
software tools that havgeen used in this project. TRE6713 is a small external board that
connects to the PC throughUSB port. The C6713 communicates with the analog world
through a Tl AIC23 stereo codec on the DSK.

2.1 TheP6C6000 C

Members of the TMS320C67x family of DSPOs
also called the DSP core. The CPU has VLIW archite. The CPU always fetches eight
32-bit instructions at once and there is a-26bus to the internal program memory. Each
group of eight instructions is called a fetch packet. The CPU has eight functional units that
can operate in parallel and arauatly split into two halves, A and B. All eight units do not
have to be given instruction words if they are not ready. Therefore, instructions are
dispatched to the functional units as execute packets with a variable numbebiof 32

instruction words. Theight functional units include:

1 FourALU that can perform fixed and floatismpint operations (.L1, .L2, .S1, .S2)
T Two ALUG6s t hat -pietogeatioms (01n.D2Y f i xed

1 Two multipliers that can perform fixed or floatipgint multiplications (.M1,M2)
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Figure2.1 FunctionaBlock Diagram of th&C6713
2.2 The General Purpose Registers

The CPU has thirtpwo 32bit general purpose registers split equally between the A and B
sides. The CPU has a load/store architecture in which all instructioret®pa registers.

The dataaddressing unit .D1 and .D2 are in charge of all data transfers between the
register files and memory. The four functional units on a side can freely share the 16
registers on that side. Each side has a single data bus contaeatethe registers on the

other side, so the functional units on one side can access data in the registers on the other
side. Access to a register on the same side, uses one clock cyclastb#s to a register

on the other side requires a read andescycle.

2.3Interrupts

The 6 C6 0 0 Os cabtRiJa vectored priority interrupt controller. The highest priority
interrupt is RESET which is connected to the hardware reset pin and cannot be masked.
The next priority interrupt is the NMI which is geneyalised to alert the CPU of a serious
hardware problem like a power failure. Then, there are twelve lower priority maskable

! Appendix 1 & Appendix 4 Special and General Purpose Register Addresses



interrupts INT4INT15 with INT4 having the highest and INT15 the lowest priority. These

maskable interrupts can be selected fromap t32 sources for the

sources vary between family members. For@eé13, they include external interrupt pins

selected by the GPIO unit, and interrupts from internal peripherals such as timers, McBSP

serial ports, MCASP serial ports, EDMchannels, andhe host port interface. The CBU

have a multiplexer called the interrupt selector that allows the user to select and connect

interrupt sources to INT4 through INT15.

1. An interrupt 3. CPU acknowledges interrupt
occurs and ...

Stops what it is doing
Turns off interrupts globally
Clears flag in register

« DMA « Saves return-to location

« HPI e Determines which interrupt

* Timers « CallsISR

* Extpins

« Etc. 4. ISR (Interrupt Service Routine)
_ » Saves context of system*

2. Setsa flag in *  Runs your interrupt code (ISR)

a register

Restores context of system*
Continues where left off*

Figure 22 How Interrupts Work?

2.4 Memory Organization for the C6713

The C6713 has an L1/L2 memory architecture consisting of ebyi€ L1P Program

Caché (directmapped), a 4koyte L1D Data Cache {®ay set associative), and an L2

memory with 256Kbytes total. The L2 memory is partitioned into a édyfe L2 unified

cache/mapped RAM which is up to-way set associative, and 192ites of additional L2
mapped RAM. The L1P cache has a-Bi6wide bus to the CPU so the CPU can read a

2 Appendix 3- L2 Cache Registers



fetch packet (eight3B i t i nstructions) each-bittEMEUNR. The
tha provides a glueless interface to SDRAM, Flash, SBSRAM, SRAM, and EPROM. The
DSP has a 512 Nayte total addressable external memory space. Data is biit,(Balf

word (16bit), or word (32bit) addressable. Tab®1 shows the default memory map for

the TMS320C6713 DSK.

Address C67x Family Memory Type C6713 DSK
0x00000000 Internal Memory Internal Memory
Reserved Space @eripheral _
0x00030000 _ Reserved or Peripheral
Register
0x80000000 EMIF CEO SDRAM
0x90000000 Flash
EMIF CE1
0x90080000 CPLD
O0xA0000000 EMIF CE2
Daughter Card
0xB0000000 EMIF CE3

Table2.1 MemoryMap for the C6713

The memory map tells the debugger which areas of memory it can access. Memory maps
vary depending on the application. When a memory map is defined and mmaygoing

is enabled, the debugger checks every memory access against the memory map. The
debugger will not attempt to access an area of memory that is protected by the memory
map. The debugger compares memory accesses against the memory map in software, not
hardware. The debugger cannot prevent your program from attempting to access

nonexistent memory.
2.5.EDMA

TheC6 713 has an EDMA that can transfehbit dat ¢
address space independently of the CPU. The EDMA handiéstaltransfers between the

L2 cache/memory controller and the peripherals. These include cache servicing, non
cacheable memory access, gygergrammed data transfers, and host access. It can move

data to and from any addressable memory spaces includergahinemory (L2 SRAM),

% Appendix4 i Memory map address ranges of the C6713 device



peripherals, and external memory. The EDMA includes event and interrupt processing
registers, an event encoder, a parameter RAM, and address generation hardware. It has 16
independent channels and they can be assigned prioritiestrBasfers can be initiated by

the CPU or events from the peripherals and some external pins. The user can select how
events are mapped to the channels. The EDMA can transfer elements thaitdrgtés,

16-bit halfwords, or 3zbit words.

External EMIE
Memory
DMA | R ‘Cox
i | CPU
Boot
EMIF (External Memory Interface) McBSP (Multi-Channel Buffered
- Glueless access to async/sync memory Serial Port)
EPROM, SRAM, SDRAM, SBSRAM - High speed sync serial comm

DMA/EDMA (Enhance Direct Memory Acces) - T/E1/MVIP interface

- 4/16 Channels HPI (Host Port Interface) /Expansion
BOOT Bus JXB[.

- Boot from 4M external block - 16/32-bit host pP access

- Boot from HPI/XB Timer/CGounters

- Two 32-hit Timer/Counters

Figure2.3C6x Peripherals
2.6 Serial Ports

The C6713 contains two bidirectional multichannel buffered serial ports (McBSPO and
McBSP1f. The serial ports operate independently and have identical structures. They can
be set to transfer 8, 12, 16, 20, 24, or 32 bitdsoThe bit clocks and frame synchs can be
internal or external and the McBSP includes programmable hardware for generating shift

clocks and frame synchs.

* Appendix 5- McBSPO and McBSP1 registers



The McASP is a serial port optimized for the needs of rehliinnel audio applications.
The two McAS’s can support two completely independent audio zones simultaneously.
Each McASP includes a pool of 16 shift registers that may be configured to operate as

either transmit data, reive data, or GPIO

The C6713 also has a HPI. The HPI provides &ifl6nterface to a host. The host
functions as a master and can access the entire memory map of the DSP. Accesses are

accomplished by using the EDMA.
2.7 TheC6713

The C6713 is a low cost board designed to allow the user to evaluate the capabilities of the
C6713DSP and develofgc6713based products. It demonstrates how the DSP can be
interfaced with various kinds of memories and peripherals, and illustrates power, clock,
JTAG and parallel peripheral interfaces. The board is approximately 5 inches wide and 8
inches long and is designed to sit on the desktop external to a host PC. It connects to the
host PC through a USB port or an XDS510. A simplified block diagram of the DSK is

shown in Figure 1.2.
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Figure2.4 BlockDiagram of the C6713



The major DSK hardware feaes are:

A C6713 DSP operating at 225 MHz.
An AIC23 stereo codec with Line In, Line Out, MIC, and headphone stereo jacks

16 Mbytes of synchronous DRAM (SDRAM)

= =2 =4 =4

512 Kbytes of notvolatile Flash memory (256 Kbytes usable in default
configuration)

Four usemlccessible LEDs and DIP switches

]

1 Software board configuration through registers implemented in complex logic
device

1 Configurable boot options
Expansion connectors for daughter cards
JTAG emulation through onboard JTAG emulator with USB host interface or
external

1 Emulator
2.8 The Audio Interface Onboard the C6713

The C6713 uses Bl AIC23 codec. In the default configuration, the codec is connected to
the two serial ports, McBSPO and McBSP1. McBSPO is used as a unidirectional channel to
contr ol intareal configuiratiororegisters. It should be programmed to send a 16
bit control word to the AIC23 in SPI format. The top 7 bits of the control word specify the
register to be modified and the lower 9 bits contain the register value. Once the codec is

configured, the control channel is normally idle while audio data is being transmitted.

McBSP1 is used as the-thirectional data channel for ADC input and DAC output
samples. The codec supports a variety of sample formats. For the experiments in this
cour®, the codec should be configured to uséb16t sampl es i n twoobs
format. The codec should be set to operate in master mode so it supplies the frame sync
and bit clocks at the correct sample rate to McBSP1. The preferred serial forn&® is D

mode which is designed specifically to operate with the McBSP ports on Tl DSPs.



The codec has a 12 MHz system clock which is the same as the frequency used in many
USB systems. The AIC23 can divide down the 12 MHz clock frequency to provide
sampling rées of 8000, 16000, 24000, 32000, 44100, 48000, and 96000 Hz.

DSK

| DSP
CPU McBSP AR
i
- R
\y e .
. N\ e -

Figure2.5 AudioconnectionThe DSK uses two McBSPs to talk with the AIC23 codec,
one for control, Another for data

2.8.1 Properties of the AIC23 Codec

The C6713upplies a 12 MHz clock to ¢hAIC23 codec which is divided down internally

in the AIC23 to give the sampling rates shown in the table below. The codec can be set to
these sampling rates by using the function DSK6713_AIC23_setFreq(handle,fifiegniD)

the BSL. This function putsthaigant i ty AValuedo into AI C23 c

Some of the AIC23 analog interface properties are:

1 The ADC for the line inputs has a fidtale range of 1.0 V RMS.

1 The microphone input is a higmpedance, lowcapacitance input compatible with
awide rangeof microphones.



Freq ID Value | Frequency
DSK6713_AIC23_FREQ_8KHZ| 0x06 | 8000 Hz
DSK6713_AIC23_FREQ_16KHZ Ox2c | 16000 Hz
DSK6713_AIC23_FREQ_24KHJ 0x20 | 24000 Hz
DSK6713_AIC23_FREQ_32KHZ 0x0c | 32000 Hz
DSK6713_AIC23_FREQ_44KHZ Ox11 | 44100 Hz
DSK6713 AIC23_FREQ 48KH1 0x00 | 48000 Hz
DSK6713 AIC23_FREQ 96KHI 0x0e | 96000 Hz

Table 2.2 Sampling Rates

The DAC for the line outputs has a fgltale output voltage range of 1.0 V RMS.
The stereo headphone outputs are designed to drive 16obm32eadphones.
The AIC23 has an analog bypass mode that directly connects the analog line inputs
to the analog line outputs.
1 The AIC23 has aide tonansertion mode where the microphone input is routed to

theline and headphone outputs.

2.8.2 Codecnterface

AIC23 Codec
O [ LEFTINVOL
1 | RIGHTINVOL
McBSPO o [Z[EF THPvoL
213 [RIGHTHPVOL
F&x1 iControly ce| | @[A]ANAPATH
T A T <OIN £ [5 [ POWERD oW [ UNEW ]
E |7 |DIGIF
O[5 [SAMFLERATE
O |DIGACT Analog |
McBSP1 ] 1= — OREGUT
DR2 o L 5
il POUT | bd MAIC 1N
FSX | | O OUT | gt n ﬁﬁ]‘ :
CLKR Be LK ; "._'_: UNE IN s
CUoc (RCIN = i
FSR2 b T N e DAL —Ei—b UNEOQUT
Dx2 :]_» HP DUT s [ HP QUT

Figure2.6 Codednterface



McBSPO connected to program Al C236s cor
McBSPL1 is used to transfer data to @and DAC converters

Programmable frequency: 8K, 16K, 24K, 32K, 44.1K, 48K, 96K

24-bit converter, Digital transfer widths: 4ts, 20bits, 24bits, 32bits

= =/ 2 =4

2.9 The BSL

A special Board Support Library (BSL) is supplied with the C6713. The BSL provides C
language functions for configuring and controlling all theboard devices. The library
includes modules for general board initialization, access to the AIC23 codeogréae

DIP switches, controlling the LEDOG6s, and i
source code for this library is included in the Code Composer Studio supplied with the
DSK and it is set up automatically to use the BSL. The function for aoniig the codec

in the BSL sets McBSP1 to transmit and receivéitévords. The codec sends- left

and right channel input samples to McBSP1 alternately and a program reading these
samples from McBSP16s DRR1 woul dhe fightaed t o

which is the left channel sample.

| have modified the code configuration function DSK6713_AIC23_openCodec() to send
and receive data samples from the codec in DSP format usibiy ®@rds. The first word
transmitted by the AIC23 codec isetheft channel 1®it sample and the right channel-16

bit sample is transmitted immediately after the left channel sample. The AIC23 generates
single frame sync at the beginning of the left channel sample. Thereforep# &®rd
received by McBSP1 contains the left sample in the upper 16 bits and the right sample in
the lower 16 bits. This solves the channel ambiguity problem. The reverse pro@sss tak
pl ace when sending samples from the DSP t
the left channel 1®it sample in the upper 16 bits of an integer and the right chan+e 16
sample in the lower 16 bits and then write this word toRX&R1 of McBSPL. | have
replaced the original BSL codec configuration function with my modified function and
renamed the file dsk6713bsI32.lib.



Board Support Library (BSL)

& Board-level routines supporting DSK-specific hardware
+ Higher level of abstraction than CSL

& BSL functions make use of CSL

(P Chip Support Library (CSL)
. Leds Low-level routines supporting on-chip peripherals
« Switches )
+ Flash + Serial Ports
+ EDMA
+ EMIF
+ Cache TI DSP
« Timers
+ Etc.

Figure2.7 Supporfiles
2.10 The GL

Tl has created a CSL that contains C functions and macros for configuring and imgerfac
with all theC6713 onrchip peripherals and CPU interrupt controller. This library is loaded
onto the PC when the DSK software is installed. Each peripheral is covered by an
individual API module. The CSL header files provide a complete symbolic déscrad

all peripheral registers and register fields. The CSL provides a graphical user interface
(GUI) that is part of the DSP/BIOS Configuration.

2.11 DSP/BIOS RTA and RTDX Features

The DSP/BIOSRTA facilities utilize theRTDX link to obtain and monitotarget data in
reattime. | utilized the RTDX link to create my own customized interfaces to the DSP
target by using the RTDX API Library. Retaine data exchange (RTDX) transfers data
between a host computer and target devices without interfering gitiarttpet application.

This bidirectional communication path provides for data collection by the host as well as
host interaction with the running target application. RTDX also enables host systems to

provide data stimulation to the target application algorithms.



Development
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DSP/BIOS Kernel interface
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Regresspn tes:tlng server
Parametric variation
Deployment Statistics
System console accumulators
Activity monitoring Host
Live signal capture hdata |
Diagnostic modules channels Software
Real- event
time logs
data
link
Host computer Target DSP platform

Figure 2.8DSP/BIOS RTA

Data transfer to the host occurs in fale while the target application is running. On the

host platform, an RTDX host library operates in conjunction with Code Composer Studio
IDE. Data visualization and analy$eols communicate with RTDX through COM APIs to
obtain the target data and/or to send data to the DSP application. The host library supports
two modes of receiving data from a target application: continuous andamdinuous. In
continuous mode, the datasimply buffered by the RTDX Host Library and is not written

to a log file. Continuous mode should be used when the developer wants to continuously
obtain and display the data from a target application, and does not need to store the data in

a log file.
Target
© User
interface
o | Target
» library | arplication
JTAG interface
Host
Code
COM composer
interface .
Host * RTDX
client host
> library
-
A
Optional
log file

Figure 2.9 RTDXdata flow



3. CODING C6713
3.1 Initialization ofC6713 CPland Codet

Before executing the code that performs our desired signal processing algorithm, the DSK
and DSP have to be initialized. This is partially taken care of when we Goale
Composer. The version of CCS supplied with the C6713 has been configured to
automatically load the GEL fiJ@SK6713.gel, in the directoi@:\CCStudio_v3.%kcc\gel is
automatically called. ltdefines a memory magreates some GEL functions for the GEL

meny sets some CPLD registeaadinitializes the EMIF for the memory on ti@6713

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

[* Program: dskstart32.c */
I* */
[* The codec can be set to the sampling rates shown in the */
/* table below by using the function */
[* DSK6713_AIC23_setFreq(handle, freq ID) */
I* */
[*  freqID Value Frequency */
[* DSK6713_AIC23_FREQ_8KHZ, 0x06, 8000 Hz */
[* DSK6713_AIC23 FREQ_16KHZ, 0x2c, 16000 Hz */
[* DSK6713 AIC23_FREQ_24KHZ, 0x20, 24000 Hz */
/* DSK6713_AIC23_FREQ 32KHZ, 0xOc, 32000 Hz */
[* DSK6713 AIC23_FREQ_44KHZ, 0x11, 44100 Hz */
/* DSK6713 AIC23 FREQ 48KHZ, 0x00, 48000 Hz */
[* DSK6713_AIC23 _FREQ_96KHZ, 0x0e, 96000 Hz */
I* */
/****************************************************** ******/

#include <stdio.h>

#include <stdlib.h>

#include <dsk6713.h>
#include <dsk6713_aic23.h>
#include <intr.h>

#include <math.h>

[* Codec configuration settings */
[* See dsk6713 aic23.h and the TLV320AIC23 Stereo Audio CODEC Data Mandal
/* for a detailed description of the bits in each of the 10 AIC23 control */
[* reqisters in the following configuration structure. */

DSK6713_AIC23_Config config = {

0x0017, /* 0 DSK6713_AIC23_LEFTINVOL Left line input channel volume\*/
0x0017, [* 1 DSK6713 AIC23_RIGHTINVOL Right line input channel volume\*/
0x00d8, [*2 DSK6713_AIC23_LEFTHPVOL Left channel headphone volume */

°CD included



0x00d8, [* 3 DSK6713_AIC23_RIGHTHPVOL Right channel headphone volume*/
0x0011, [* 4 DSK6713_AIC23_ANAPATH Analog audio path control */ \
0x0000, /*5 DSK6713 AIC23_DIGPATH Digital audio path control */ \
0x0000, /* 6 DSK6713_AIC23_POWERDOWN Power down control */ \
0x0043, [* 7 DSK6713_AIC23_DIGIF Digital audio interface format */ \
0x0081, /* 8 DSK6713_AIC23_SAMPLERATE Sample rate control (48 kHZ) */
0x0001 /* 9 DSK6713_AIC23_DIGACT Digital interface activation */ \
h
void main(void){
DSK6713_AIC23_CodecHandle hCodec;
Uint32 sample_pair = 0;
[* Initialize the interrupt sgtem */
intr_reset();
[* dsk6713_init() must be called before other BSL functions */
DSK6713 init();  /* In the BSL library */
[* Start the codec */
hCodec = DSK6713_AIC23_openCodec(0, &config);
/* Change the sampling rate to 16 kHz */
DSK6713_AIC23_setFghCodec, DSK6713_AIC23_FREQ_16KHZ);
/* Read left and right channel samples from the ADC and loop them back out to the DAC.
for(;;{
while('DSK6713_AIC23_read(hCodec, &sample_pair));
while('DSK6713_AIC23_write(hCodec, sample_pair));

}
}

The programC:\c6713dskdskstart32.c can based as a starting point for writing C6713
applications. Itcontains the code necessaryimitialize the DSK boardinitialize the
C6713 McBSPsandinitialize the AIC23 codec.

The program dskstart32.c uses functions frahe UMD modified DSK BSL,
C:\c6713dskdsk6713bslI32.lib, tacontinue the initializationThe file c6713dsk.hlp also
contains detaileanformation about the DSK hardwar&he modified library, its header

files, and sourceare in the directorieCD included)
C:\c6713dskdsk6713bsl3%ib
C:\c6713dskdsk6713bsl32nclude
C:\c6713dskdsk6713bsI3Bources

The program dskstart32.c first initializes theoard support library by calling
DSK6713 int)bwh o6s sour ce <code i sThisinitalizeateh eB ScLh ifpi &



PLL, configures the EMIF based on the DSKrsionand sets the CPLD registers to a
default state

Next dskstart32.c initializes the interrupontroller registers and installs the default
interrupt service routines by calling the functiotr_reset() in the UMD added file intr.c.
This clears GIE and PGlHlisables all interrupts except RESET in |ElRears the flags in
the IFR for the themaskable interrupts INT4 INT15, resets the interrupt multiplexers
initializes the ISTPand sets up thdnterrupt Service Routine Jumpable The object
modules intr.obj and intr_.olbyere added to BSL library see should notinclude intr.c

and intr_.asm in your projedtunctions included in intr.c are:
intr_reset() Reset interrupt regs to defaults
intr_init() Initialize ISTP
ints_isn() Assign ISN to CPU interrupt
intr_get_cpu_intr() Return CPU int. assigned to ISN
intr_map() Place ISN in int. mux. register
intr_hook() Hook ISR to interrupt
A set of macro functions for setting and clearnitg inthe IER ad IFR are available.

Next the codec is started by calling the functid8K6713_AC23_openCodec(). This
functionconfigures serial port McBSPO to act asredirectional control channel in the SPI
mode transmitting 1®it words then configures the AIC23eyeo codec t@perate in the
DSP mode with 1®it datawords with a sampling rate of 48 kHmnd hen McBSP1 is
configured to send datamples to the codec or receive data sanfpdes the codec in the
DSP format usin@2-bit words.

The first wordtransmitted by the AIC23s the left channel sample. The rigttiannel
sample is transmitted immediatedjter the left sampleThe AIC23 generates a single
frame syncat the beginning of the left chanredmple. Therefore, a 3#it word received
by McBSP1contains the left sample in thwpper 16 bits and the right sample in tbeer



16 bits. The 16b i t sampl es ar e format. Wardsstransnuttedp ffom me n t
McBSP1 toAlIC23 must have the same form@ihe codec and McBSP1 are configured so

that the codc generates the frame syae&l shift clocks.

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

* File dsk6713.cmd */
[* This linker command file can be used as the starting point fonknki */
[* programs for the TMS320C6713 DSK. This CMD file assumes everythitlg
[* fits into internal RAM and is that is not true, it maps some sections to thg
[* external SDRAM. */
/******************************************************* **********/
-C
-heap 0x1000
-stack 0x400
-Irts6700.lib
-lcsl6713.1ib
MEMORY
{
IRAM: origin = 0x0, len = 0x40000 [* 256 Kbytes */
SDRAM:  origin = 0x80000000, len = 0x1000000 /* 16 Mbytes SDRAM */
FLASH: origin = 0x90000000, len = 0x40000  /* 256 Kbytes */

}
SECTIONS
{
.Vec: load = 0x00000000 /* Interrupt vectors included by using intr_reset() */
text: load = IRAM /* Executable code */
.const: load = IRAM /* Initialized constants /
.bss: load = IRAM /* Global and static variables */
.data: load = IRAM [* Data from .asm programs */
.cinit: load = IRAM [* Tables for initializing variables and constants */
.stack: load = IRAM [* Stack for local variable¥
far: load = IRAM /* Global and static variables declared far */
.sysmem: load = IRAM /* Used by malloc, etc. (heap) */
.Cio: load = IRAM /* Used for C 1/O functions */

.csldata load = IRAM
.switch load = IRAM

}

Linker command filegdsk6713.cmdare used to define how relocatable progssations
are mapped into the physical system memory. They can also contain assgtiher and
lists of object programs to be included in the output modules. Additadsjatt moduts
can also be included on the linker command line. The modules are loaded in the order in

which they appear in the command line list of .cmd and .obj files. Comifilasdare



convenient for saving definitions and operations that will be ordinarily usea hviking
programs for a particular project.

The -c line in dsk6713.cmd tells the linker to use the aniimalization feature of C
programs. The Tl C compiler builds a table containing the data required to initialize all
variables initialized in the @rogram. Code is included in the executable module to load
the data values in the table into the variables when the program startbe@dpendstack

lines allocate memory for the heap and stack. The number after these commidueds is
allocated memoryizge in bytes.The -Irts6700.lib line tells the linker to search the C-run

time library rts6700.libfor unresolved references. This library provides the standard
functions the C compileexpects.The line-Icsl6713.lib tells the linker to search the CSL
cslb713.lib. CCS has been set to know the path to these libraries. They are almost always
used by C programs. Including these lines in the linker command file automatically

includesthem in the linker search path without any further effort on our part.
The MBEMORY portion of the command file is used to define the physical memory layout.

For example, the linBIRAM : origin = 0x0, len = 0x4000@ defines the internal program
memory to be a region called IRAM which starts at byte addhe@8000000, and has a
length of 0x00040000 bytes which is 256 Kbytes.

The C compiler puts data and program code into named sections. Named sectalss can

be created by the programmer in assembly source code. The SECTIONS pothen of
linker command file tells the linker how place sections into defined memory regions.
The standard conventions are to place program instructions in the .text section, initialized
constants in the .const section, global and static variables in the .bss section, initialization
tables for variable and constants in the .cinit section, local variables in the .stack section,
and buffers for C 1/0O functions in the .cio section. Data from assembly programs can be

put in the .data section. C does not use the .data section.



3.2 MP3Playef

Huffman

MP3 bit Decoding Requantize REDI’GEHHQ
stream Synchronization
. Scale Factor
| Decoding 076
Samples
Synthesis | Frequency | IMDCT and |« Alias Reduction
Pholyphase Inversion Windowing
Filter Bank
PSM Samples

Figure3.1 Functional blocks associated whtiP3 player

The first block is theSynchronization block This block serves the purpose of receiving
the incoming bit stream, extracting certain information from it and passing the extracted
information to the succeedirgocks. This information consists of the Header Information,
the CRCInformation, and the Side Information. The Header Information specifies the type
of the MP3file, the bit rate used for transmission, the sampling frequency, and the nature

of the audio.

The Scale Factor Decoding blotklecodes the scale factors to allow the reconstruction of
the original audio signal. Scale factors are used to mask out the quantization noise during

encoding by boosting the sound frequencies that are more perceptibledo bars.

The Huffman decoding is the most critical block in the decoding processHffiman
Decoding block consists of two components: Huffman Information Decoding and
Huffman Decoding. Huffman Information Decoding uses the Side Information to set up
the fields for Huffman Decoding. It acts as a controller and controls the decoding process
by providing information on Huffman table selection, codeword region, and how many

frequency lines are decoded. This decoding istrttisd in Figure 2.3.

®CD included
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Table Select

Huffiman Information Current Region Huffiman Decoding

Decoding Block Linbits Block

Stop/Continue

Yes

576 samples decoded or
all bits exhausted?

Figure3.2 Huffman information decoding block as a controller

The MP3 encoder incorporates a quantizer block that quantizer the frequency lines so that
they can be Huffman coded. The output of the quantizer is multiplied by the scale factors
to suppress the quézation noise. The function of thequantizer bloc¥ is to combine

the outputs of the Huffman Decoder and Scale Factor Decoder blocks, generating the

original frequency lines.

Huffman Decoding
Block
Preflas Frequency
Side - Eequantizer Lines
Information Scale factor bands Block
Scale Factor
Decoding Block

Figure3.3Block diagram of requantization block

Huffman coding gives betteesults if its inputs are ordered in an increasing order or have
similar values. This is the reason the frequency lines are ordered in ingreager of

frequency during encoding as values closer in frequency have similar values. The main

19 Appendix4 for source code



task of thereordering block is to search for short windows to reorder the frequency lines.
The output of the requantizer, for short windows, gives 18 samples intzasdb These
samples are not dependent on the window used. The reordering block simply picks up the
samples and reorders them in groups of six for each window, thereby generating them as

they were before reordering.

During the encoding process, tREM samples are filtered into subbands using bandpass
filters. However, due to the nadeal nature of thedndpass filters, aliasing effects occur.

To minimize aliasing artifacts, windowing is done after the MDCT block. That is why
during the decoding process, an alias reduction block is used to generate the frequency
lines similar to those generated by the MD( the encoder. This block adds the alias

components to each frequency line to produce the original frequency lines.

The Inverse MDCTIMDCT"}) block is responsible for generating samples which serve as
the input to the Polyphase filter. The IMDCT takasl8 input values and generates 36
output values per subband in each granule. The reason for generating twice as many output
values is that the IMDCT contains a 50% overlap. This means that only 18 out of 36 values

are unique, and the remaining 18 valuesgenerated by a data copying operation.

Finally, a Polyphase filter bank is used to transform the 32 subbands, each with 18 time
samples from every granule, to 18 bands of 32 PCM samples. PCM is a standard format of
storing digital data in uncompresséamat, CD audio being the prime example. PCM
samples are defined depending on the sampling frequency and bitrate. A higher sampling
frequency implies that higher frequencies are present and a higher bitrate produces a better
resolution. Generally, CD aumluses 16 bits at 44.1 kHz.
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3.3 Build, Load, Ruf?

1. Copy the directory, digfil, o&D to C:

2. Create the folder @6713dsk

3. Copy the following files from th€D folderc6713dsk to Gc6713dsk
convoll.sa, convolve.sa, dsk6713 RTDX.cuhskstart32.cedma_sines.c

4. Create the folder &6713dskdsk6713bsI32

a. Copy the folder GCCStudio_v3.¥C6000dsk6713lib to
C:\c6713dskdsk6713bs|32 and then rename dsk6713bsl.lib in
C:\c6713dskdsk6713bs|3%ib to dsk6713b4d2.lib.

b. Copy the folder C:\CCStudio_v3.¥C6000dsk6713include  to
C:\c6713dskdsk6713bsI32

c. Copy DSKintrh and regs.h onCD disk in the directory
c6713dskdsk6713bslI32nclude toC:\c6713dskdsk6713bsI32nclude

d. Create the folder £6713dskdsk6713bs|3Bources

e. Copy the files dsk6713_opencodec.c, DSKintr.c, and intvecs.atmsalisk in the
directory c6713dskisk6713bslI3®ources tdC:\c6713dskdsk6713bslI3&ources

f. Copy the files dk6713 opencodec.obj, DSKintr.obj, aintvecs.obj onCD in the
directory c6713dskisk6713bsI3%ib to C\c6713dskdsk6713bsI3%ib

5. To add the path to your path variable in Windows XP, clickstart,” then "Settings,"
and then "Control Panel." Doubtdick on the "System" icon and then on the "Advanced"
tab. Then click on "Environment Variables" near the bottonthef window. Select the
variable  "Path" and click on the “Edit" tab. Add the path
C:\CCStudio_v3.¥C6000cgtoolsbin to the end of th path variable. It must be preceded

by a semicolon (;). Therclick on the "OK" tabs to accept the edited path variable.

12¢D included



| SystemRestore | AutomaticUpdates | Remote
|  General |  ComputerMName |  Hardware J Advanced

System Properties

You must be logged on as an Administrator to make most of these changes.

Performance
Visual effects, processor scheduling, memory usage, and virtual memory

User Profiles
Desktop settings related to your logon

Startup and Recovery
System startup, system failure, and debugging information

Error Reporting ]

[ Environment Variables ] [

Environment Variables

[ 0K ][ Cancel ] Apply

User variables for Sozenler

Variable Value
TEMP C:\Documents and Settings\SézenleriLo...
T™MP C:\Documents and Settings\SézenleriLo. ..

[ New ] [ Edit ] [ Delete ]

System variables
Variable Value o]
ComSpec CYWINDOWS|system32icmd. exe =

FP_NO_HOST_C... NO
NUMBER_OF _P... 2

035 Windows_NT

Path CIWINDOWS!system32; CAWINDOWS;... ¥

]L Delete ]

[ wew ][ Ede

[ OK ][ Cancel ]

Open up a

Edit System Variable

Variable name: [ Path

Variable value: ‘MIX HCL

Figure3.4 DefiningPath

command prompt

window and

navigate to the

C:\c6713dskdsk6713bsI3%ib. Assuming youedited the patlvariable, run the following

command to modify the BSL:aréx -r dsk6713bsl32.lib dsk6713 opencodec.obj

DSKintr.obj intvecs.obj

directory



Figure3.5 Runninga Setup from Command Line

The -r option causes ar6x to replace any module inlitrary having the same name as
one in the list by the one the list. If a name in the list is not found in the librahg file

in the list is added to the librarjfter completing all these steps, the c6713dsk directory
tree should look like:

c6713dsk

convoll.sa

convolve.sa

dsk6713_RTDX.cmd

dskstart32.c

edma_sines.c

dsk67Bbsl32

include
dsk6713.h
dsk6713_aic23.h
dsk6713_dip.h
dsk6713_flash.h
dsk6713 led.h
DSKintr.h
regs.h
10.h
lib

dsk6713bsI32.lib
dsk6713bsl.zipGontains sources for original BSL library)
DSKintr.obj
intvecs.obj
dsk6713_opencodec.obj



