REAL TIME AUDIO UPSAMPLING AND FILTERING

CHAPTER 1
INTRODUCTION


An analog signal is any continuous signal for which the time varying feature of the signal is a representation of some other time varying quantity. In audio signal, noise can refer to the unwanted residual electronic noise signal that gives rise to acoustic noise heard as a hiss. Noise reduction, the recovery of the original signal from the noise- corrupted one, is a very common goal in the design of signal processing systems, especially filters. The mathematical limits for noise removal are set by information theory namely the Nyquist-Shannon Sampling Theorem.


In Digital Signal Processing, Upsampling is the process of inserting zero-valued sampled between original samples to increase the sampling rate. This is called Zero Stuffing. The Primary reason to interpolate is simply to increase the sampling rate at the output of one system so another system operating at a higher sampling rate can input the signal.


In Signal Processing, a filter is a device or process that removes some unwanted components or features from a signal. In the proposed project upsampling and filtering technique is used to reduce the unwanted noise in the signal and improve the quality of the signal.
3.6 PHASE LOCKED LOOP

To provide the clock generation for the core and system, the processor uses an analog PLL with programmable state machine control. The PLL design serves a wide range of applications. It emphasizes embedded applications and low cost for general-purpose processors, in which performance, flexibility, and control of power dissipation are key features. 
This broad range of applications requires a range of frequencies for the clock generation circuitry. The input clock may be a crystal, an oscillator, or a buffered, shaped clock derived from an external system clock oscillator.

Subject to the maximum VCO frequency, the PLL supports a wide range of multiplier ratios of the input clock, CLKIN. To achieve this wide multiplication range, the processor uses a combination of programmable multipliers in the PLL feedback circuit and output configuration blocks.


The processor uses an on-chip, phase-locked loop (PLL) to generate its internal clock, which is a multiple of the CLKIN frequency. 
The PLL requires some time to achieve phase lock and CLKIN must be valid for a minimum time period during reset before the RESET signal can be deasserted.
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Fig. 3.5 Clocking System for PLL
PLL Input clock

If an external clock oscillator is used, it should NOT drive the CLKIN pin when the processor is not powered. The clock must be driven immediately after power-up; otherwise, internal gates stay in an undefined (hot) state and can draw excess current. After power-up, allow sufficient time for the oscillator to start up, reach full amplitude, and deliver a stable CLKIN signal to the processor before the reset is released. 
This may take several milliseconds and depends on the choice of crystal, operating frequency, loop gain and capacitor ratios. For details on timing, refer to the appropriate product data sheet.
Pre-Divider Input


This unit divides the PLL input clock by 2 if enabled (using the INDIV bit). The pre- divider input is part of the PLL loop, therefore, if a program changes the PLL input clock (affecting the VCO frequency), the PLL must be put in bypass mode before the change can take effect.

PLL Multiplier

The PLL multiplier bits are used to divide the VCO clock down to the CLKIN input. The multiplier settings are controlled by hardware or software and based on the PLL multiplier settings below.

· Hardware—through the clock configuration pins (CLK_CFG1–0)

· Software—the hardware settings are overridden through the PLLM bits

PLLM Hardware Control

On power-up, the CLK_CFG1–0 pins are used to select core to CLKIN ratios which cannot be changed during runtime. After booting however, numerous other ratios (slowing or speeding up the clock) can be selected through software control.

PLLM Software Control


Programs control the PLL through the PMCTL register. The PLL multiplier (PLLM) bits can be configured to set a multiplier range of 0 to 63. This allows the PLL to be programmed dynamically in software to achieve a higher or slower core instruction rate depending on a particular system’s requirements. The reset value of the PLLM bits is derived from the CLK_CFG1–0 pin multiply ratio settings. This value can be reprogrammed in the boot kernel to take effect immediately after start- up.

PLL VCO


The VCO is the output stage of the PLL. It feeds the output clock generator which provides core and peripheral clocks


Two settings have an impact on the VCO frequency:
· The INDIV bit enables the CLKIN input pre-divider by 2.

· The PLLM bits and the CLK_CFG1–0 pins control the PLL multiplier unit.


Changing the VCO frequency requires a new condition for the PLL circuitry. Therefore, the core needs to wait a specific settling time in bypass mode before it can be released for further activities (typically 4096 CLKIN cycles).


In application designs, the PLL multiplier value should be selected in such a way that the VCO frequency never exceeds.

· The product of CLKIN and PLLM must never exceed 1/2 of fVCO (max) in Table if the input divider is not enabled (INDIV = 0).

· The product of CLKIN and PLLM must never exceed fVCO (max) in Table if the input divider is enabled (INDIV = 1).


The VCO frequency is calculated as follows:



fVCO = 2 × PLLM × fINPUT



fCCLK = (2 × PLLM × fINPUT) ÷ PLLD

where,


fVCO = VCO output


PLLM = Multiplier value programmed in the PMCTL register.

· During reset, the PLLM value is derived from the ratio selected using the CLK_CFG pins in hardware.

· PLLD = 2, 4, 8, or 16 based on the divider value programmed on the PMCTL register. During reset this value is 2.

· fINPUT is the input frequency to the PLL.

· fINPUT = CLKIN `when the input divider is disabled, or CLKIN ÷ 2 when the input divider is enabled.


Note the definitions of the clock periods that are a function of CLKIN and the appropriate ratio control shown in Table. All of the timing specifications for the peripherals are defined in relation to tPCLK. See the peripheral specific section for each peripheral’s timing information.
Output Clock Generator

The output clock generator post-divides the VCO clock to the core ratio or peripherals ratio and synchronizes all output clocks. It is fed with the VCO clock and does not provide any feedback back to the PLL circuit.


If the DIVEN bit is set, new post divider ratios are picked up on the fly and

the clocks smoothly transition to their new values within 14 core clock (CCLK) cycles.[image: image2.png]



Fig.3.6 Core Clock and System Clock Relationship for PLL
Core Clock (CCLK) 

The PLLD bits define the VCO output clock to core clock ratio to build the processor core clock (CCLK). The post divider can be changed any time and new division ratios are implemented on the fly.
IOP Clock (PCLK)


The peripheral clock is derived from the core clock with a fixed post divisor of 2. This clock is the master clock for most peripherals including the I/O processor (IOP).

Peripheral Clocks (SDRAM/DDR2/Link Port)


The SDRAM, DDR2, and link port derive their clocks directly from the core clock. These peripherals have a default divider (refer to PMCTL register). 
3.7 PRECISION CLOCK GENERATOR

The precision clock generators (PCG) consist of four units, each of which generates a pair of signals (clock and frame sync) derived from a clock input signal. The units, A B, C, and D, are identical in functionality and operate independently of each other. The two signals generated by each unit are normally used as a serial bit clock/frame sync pair.
Features
· Operates on the DAI and DPI units.

· PCG input clock selection from CLKIN, PCLK or external DAI pins.

· Provides four different clock dividers for serial clock, frame sync, phase (20-bit) and pulse width (16-bit).

· Phase shift allows adjustment of the frame sync relative to the serial clock and can be shifted the full period and wrap around.
· Provides pulse width control for arbitrary frame sync signal generation.
· Bypass mode for external frame sync manipulation.

· External trigger mode starts PCG operation. No additional jitter introduced since operation is independent of the on-chip PLL by using off-chip clocks.
This allows the PLL to be programmed dynamically in software to achieve a higher or slower core instruction rate depending on a particular system’s requirements. The reset value of the PLLM bits is derived from the CLK_CFG1–0 pin multiplies ratio settings.
FIR Accelerator


Finite Impulse Response (FIR) filters are used in a wide array of applications, and can be used in multi-rate processing in conjunction with an interpolator or decimator.

Features

This hardware module is capable of performing FIR filters without core intervention. 
This gives programs freedom to use the core to implement complex algorithms, effectively adding more bandwidth to the processor
.

· FIR supports fixed point and IEEE floating point format

· Has four MAC units which operate in parallel

· Various rounding modes supported

· Single rate or multi-rate window processing

· Change the rates with decimation or interpolation mode

· Up to 32 filter channels available in TDM
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Fig.4.3 Functional Description for FIR


Figure shows the block diagram of the 1024-TAP FIR hardware accelerator.

The accelerator consists of a 1024-word coefficient memory, a 1024 deep delay line for data, and four MAC units. The accelerator runs at the peripheral clock frequency (PCLK).

The FIR accelerator has following logical sub blocks.

1. A data path unit that consists of

· A 1024 deep coefficient memory

· A 1024 deep delay line for the data

· Four 32-bit floating-point and fixed-point multiplier and adder units

· One 32-bit prefetch buffer to operate in a pipelined fashion

· One 32-bit buffer to hold previous partial sum

· One 32-bit buffer to hold the output

2. Configuration registers for the number of TAPs, number of channels, filter enable, interrupt control, DMA enable, up sample/down sample control, and ratios.


3. Core access interface for writing the DMA/filter configuration registers and reading the status register.


4. DMA bus interface for transferring data and/or coefficients to and from the accelerator.


5. DMA configuration registers including chain pointer, input, output and coefficient registers.

4.9 JTAG Port


The JTAG interface, collectively known as a Test Access Port, or TAP, uses the following signals to support the operation of boundary scan. TCK (Test Clock) – this signal synchronizes the internal state machine operations. 

CHAPTER 5
CONCLUSION
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