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DSP I: ELEC 3733

Implementing a Cosine Generator Using Interrupts and an RTOS

Skills

In this laboratory you write a program that generates a cosine on the output of the CODEC.  The I/O of the data is done using interrupts.  After this laboratory you should:

· Understand how interrupts work

· Understand how the processing is done in “real-time”

· Understand how tasks in a real-time operating system (RTOS) can be used to do real-time processing

· Be able to use interrupt subroutines to gather data and output it after processing it

Reading

· SPRU 305:

· Stereo Audio Interface (section)

Description

Interrupts

When using polling to send and receive the data from the CODEC the general processing was

WAIT for the CODEC to receive the data

Retrieve the data

Process the data

WAIT for the CODEC to be ready to accept the data

Transmit the data
This is very inefficient since there are two places in the code were processing time is used just waiting for data to arrive.  It would be better if the processor could be processing data during this time.  This is where interrupts can help speed things up.

An interrupt can be some event that is generated either by a an external hardware device, internal hardware device or software.  When an interrupt occurs the main processing is interrupted and the processor jumps to an interrupt subroutine (ISR).  This ISR is just a function that is set up to handle the event that caused the interrupt.  When the ISR is done processing, the processor jumps back to where it left off when the interrupt occurred.  The following shows how this can occur:

Main processing statement 1

Main processing statement 2

Main processing statement 3

Interrupt occurs

Processor saves the current state of the registers, etc.

Processor jumps to ISR



ISR processing statement 1



ISR processing statement 2



ISR processing statement 3



ISR completes

Processor restores the previously saved state of registers, etc.

Main processing statement 4

Main processing statement 5

Etc.
The CODEC on the EVM board is connected to an internal device called the multichannel buffered serial port (McBSP).  There is more than one McBSP on the 'C67 so the CODEC is connected to the McBSP0.  This device can generate an internal interrupt when it receives data from the CODEC and when it is ready to send data to the CODEC.  Therefore, two ISRs will be used to send and receive data to and from the CODEC.

Code Setup

In the code used for this lab an RTOS is used.  There are several features of an RTOS that are beneficial to real-time DSP processing.  There are more features of an RTOS than can be covered in this course and so they are left for a different course.  However, there are a couple of features used here that will be discussed.

When designing code in an RTOS, functions like an ISR can be thought of as objects.  Data can be generated by one object which may be needed by another object.  For this lab we are using two ISRs, one to receive the data and one to send the data.  Since these are separate functions there needs to be a way to get the data from one to the other.  This is done here using "mailboxes."  A mailbox in an RTOS is a way to send data from one object or task to another.  If the program just received data and then transmitted the data it received a diagram of the system would look like Figure 1.
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Figure 1: Simple I/O program

The circles are the ISRs, the rectangle McBSP0 is the internal McBSP0 device and the rectangle CODEC shows the external CODEC device.  Audio data is input to the CODEC were it is sampled.  This data is sent to the McBSP0, which generates a receive interrupt.  The interrupt causes the Receive ISR to run and retrieve the data.  The data is put in a mailbox and sent to the Transmit ISR.  When the McBSP0 is ready to transmit data to the CODEC it will generate an interrupt which will cause the Transmit ISR to run.  The Transmit ISR will deliver the data to the McBSP0 which will then send it to the CODEC.  Finally, the CODEC will convert the data to analog and output it.

Figure 1 does not contain any signal processing.  Since the data needs to be processed there needs to be a place to process the data.  One thing that could happen is to put the processing in one of the ISRs.  However, the hardware ISR should be written so that it takes very little time to process.  So putting the data processing in an ISR is not good practice.  Instead, another task can be added between the two ISRs.  Figure 2 shows the same structure as Figure 1 except that another task has been added to process the data.  This basic structure can be used for many different types of signal processing applications.
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Figure 2: Signal processing program structure

Program main.c contains the code that is shown in Figure 3.  Function main sets up the CODEC in a manner very similar to the polling code.  Function serialPortRcvISR is the receive ISR.  This function is called every time a new value is received from the CODEC.  Received data is put in a mailbox called rxMBX.  Once the data is placed in rxMBX the processingTSK is ready to run.  When the RTOS gets some time it will schedule processingTSK to run.  Function processingTSK will process the data and place it in a mailbox called txMBX.  Data that is in txMBX will be sent to the CODEC by the function serialPortXmtISR.  
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Figure 3: Signal processing program structure in main.c

Mailboxes are used to send data from one task to another.  Data is copied from a structure into the mailbox.  In the code the mailbox and the structure must be set up.  The mailbox message is defined by:

typedef struct MsgObj {

    Uint32

data[NUMDATA];

/* message data */

} MsgObj, *Msg;

A message object here is simply a structure with one array in it.  The length of the array is NUMDATA.  It is very important that the mailbox be set up right to send and receive these messages.  To set up the rxMBX mailbox first open the file codecint.cdb. On the right hand side of the window open Synchronization->MBX.  There you will see the definitions of the two mailboxes.  Click on the rxMBX to see its properties on the right.  Notice that the message size is set to 16.  This number must be based on the amount of data in the message.  This number has units of MADUs where one MADU is an 8-bit byte.  Since each data element is a 32-bit word each one is 4 MADUs.  Therefore, since NUMDATA is 4 there are a total of 16 MADUs in the message.  When the data is read from the message it is copied to a structure.  If the structure is smaller than the number of MADUs specified in the message the program will write over memory that you don't want written over.  The other parameter is the total number of messages that can be put in the mailbox.

To put a message in a mailbox the function MBX_post is used.  To read data from a mailbox the function MBX_pend is used.  Within a task, like the processingTSK, if the mailbox is empty when MBX_pend is called the task will block.  Blocking is just a suspension of the task processing where the task stops and other processing can take place on the DSP.  When a message is written to a mailbox the blocked task will run.

Processing

In this lab you will be making a cosine function generator.  This will require you to generate the values that go to the CODEC in order to produce a cosine function.  Since we are only concerned with the output, the input values will be ignored.  You will need to determine the values of the cosine function necessary to produce it on the output.

In order to generate the cosine function it is desirable to determine the values of the cosine and put them in a lookup table (array).  One period of a periodic signal can be stored in a lookup table and then the program can just continue to cycle through the values.  If  is the frequency of the discrete-time signal, cos(k), then the discrete period of the signal can be found by the equation


[image: image4.wmf]÷

ø

ö

ç

è

æ

W

=

p

2

m

N


Equation 1
where m is the smallest integer that will make N an integer.

When reconstructing a continuous-time signal from its samples the following equation is used
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Equation 2
The h(t) function is an interpolation function.  Ideally the interpolation function is
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Equation 3
Note that in Equation 2 f(t) is the convolution of the samples and the function h(t).  h(t) is like the impulse response of a system.  Since the ideal impulse response is a sinc function the ideal system is an ideal low-pass filter.  On the output of most D/A converters there is an analog low-pass filter that acts as a reconstruction system.  This means that if we put the samples of our signal through the D/A and low-pass filter we will have a reconstructed continuous-time signal.

Laboratory

· In this lab you will generate a cosine function that has a frequency of 2000 Hz.

· The sampling rate of the D/A converter should be set to 8000 Hz.

· Find the period, N, of the sampled cosine function.

· Determine the samples of the cosine function needed to reconstruct the signal.  Note that the way the CODEC is set up each channel uses a 16 bit number as the value to output.  Therefore, the values passed to the CODEC should be within [-32768, 32767].  With the maximum value used the output should be about 2.8 Vpp.

· Modify the program main.c so that one channel of output is generated.  The other channel should be zero.

· Run the program on the EVM and demonstrate the output sinusoid.

Try changing the frequency to another frequency, say, 500 Hz.  What changes do you need to make to the code?

· Can you generate a cosine function with a frequency of 200 Hz using a lookup table?  Explain.
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