Learning RVK-Basic, Part 4

By Bob Vun Kannon

RVK-Basic is a free Basic compiler for the Atmel AVR line of micro-controllers. You can download a copy of this compiler from the Nuts & Volts web site. With this compiler you can write and compile very fast, efficient programs for most of the AVR micro-controllers. 

In this article we will explore the use of the A/D converter and the UART. I will be assuming that the reader has already worked his way through the first three articles. If you missed them, contact Nuts & Volts Magazine for back issues.

Analog to Digital Conversion

The Analog to Digital Converter contained in some of the AVR devices is a very useful gadget. It will convert an analog voltage into a digital number for you on command. 

The A/D converter is a 10-bit converter. Its result is a 10-bit number, so it won’t fit in a byte variable. So now we need to use an integer (2-byte) variable. In RVK-Basic this is done by using a variable name which ends in a percent sign, like var%. 

Integer variables in RVK-Basic are unsigned. They have a possible range of values from 0 through 65535 (&H0 through &HFFFF). They can be used in IF statements and equations just like byte variables, as we did in previous articles. The main difference between integers and byte variables is that the integers are stored in static RAM in the chip. This means that it takes two clock cycles to bring the variable into the processor from RAM and two more clock cycles to write the result back out to RAM. Thus integer computations proceed more slowly than byte operations. 

In order to perform an A/D conversion and put the result into an integer variable we use the A2D statement. The basic syntax is A2D variable, mux, option.

The AVR chips generally have more than one channel that can be read by the A/D converter. So you could potentially have as many analog inputs to the chip as it has channels. The “mux” in the A2D syntax is a number, which corresponds to the particular channel to be converted. These channels are numbered from 0 up to as many as 7 for the 8535 processor. 

There is an extensive list of options in RVK-Basic for the A2D command. Please read the RB.TXT file supplied with the compiler for documentation on all the options. In this example we will be using the IDLE option. This is a neat feature which allows for very accurate, noise-free conversions. When IDLE is specified the processor shuts down while the conversion is being performed and then wakes back up when the conversion is finished. That way, there is no digital noise from the processor interfering with the conversion. 

So let’s write a program to perform A/D conversions for us and display the result.

To display the result, we will put the answer out on the B port to the LED’s on the development board. The only problem this causes is that there are only 8 LED’s and there are ten bits in the integer. An easy way to solve this is to throw away the two least significant bits. We can do this with the SHIFT statement.

The idea of shifting is best seen looking at a number in binary. If we have a number like 18, in binary that is



00010010

Now shifting it right one bit will give



00001001

Shift it right one more time and you will get



00000100

See how that works?

So if we shift our ten-bit number to the right two times we will have an 8-bit number in the lower byte of the integer. For example, 0000001100110011 would become 0000000011001100. This can be performed by writing:


SHIFT var%,2,RIGHT

The final piece of the process is to get the bottom byte of the integer into a byte variable (so we can write that byte out to Port B). This is done in RVK-Basic by setting a byte equal to an integer. So the entire program will now become the following.


DEVICE 2333


MHZ 
4


DIRPORT B,OUT


DO



A2D x%,0,IDLE



SHIFT x%,2,RIGHT



temp = x%



OUTPORT B,temp


LOOP

To run this program, hook a potentiometer (10K will work nicely) up to the power and ground pins of the analog header of the development board and hook the wiper of the pot to Channel 0 of that port. When you run the program you will see the digital number shown on the LED’s change as you turn the pot.

When dealing with data from the real world, it is often very useful to be able to filter the data to remove noise. For this purpose there is a FILTER statement in RVK-Basic.

I’m going to modify the program we just wrote to filter the data coming in from the pot. In this next program the input will only be read every tenth of a second. I will filter the data by a factor of 2^4 (two to the fourth power) which will give us a 1.6 second filter. Run the following program and make a quick change to the pot. You will see the result change rather slowly and gradually creep into its final value. This is the software equivalent of using a resistor and capacitor to make a low-pass filter. You will want to try changing the “4” in the FILTER statement to a “3” and watching the results speed up by a factor of 2.


DEVICE 2333


MHZ 
4


DIRPORT B,OUT


DO



A2D y%,0,IDLE



FILTER x%,y%,4



SHIFT x%,2,RIGHT



temp = x%



OUTPORT B,temp



PAUSE 100


LOOP

If you intend to run this program on an STK500 board, I recommend changing the “B” in the DIRPORT and OUTPORT statements to “D” and connecting the jumper from the LED’s to port D. I am told that the upper bit on the LED”s may not function properly if driven from port B on the STK500 board.

The Universal Asynchronous Receiver-Transmitter

One of the more useful things you can do with an AVR micro-controller is to connect it to a PC. Information can flow in both directions. The first thing we will do is to transmit the data from our pot (hope you haven’t disconnected it yet) to your PC. I’m assuming you have a real PC that has an RS-232 port on it and not one of these newfangled USB ports. 

The AVR development boards have a 9-pin connector for RS-232 communications. So all you will need to do is connect a serial cable from the 9-pin connector of the development board to the 9-pin connector on the back of your computer. Follow me as I write a little more code. 

There are two statements in RVK-Basic for running the UART. XMIT controls transmissions out of the UART and RECV controls reception from the UART. First, we will just transmit the data from the POT out of the UART in the following program. The first XMIT statement initializes the UART to the baudrate we want. The second XMIT statement actually transmits the data. Please refer to the detailed description of the XMIT and RECV statements in the file RB.TXT.

DEVICE 2333


MHZ 
4


DIRPORT B,OUT


XMIT INIT 9600


DO



A2D y%,0,IDLE



FILTER x%,y%,4



SHIFT x%,2,RIGHT



temp = x%



OUTPORT B,temp



XMIT OUT temp




PAUSE 100


LOOP

Now, if you were to look at the TXD output pin of the chip with a scope, you would see a stream of ones and zeros going out in bursts every tenth of a second. It would be much more instructive to actually see this data showing up on the screen of your PC.

The following program can be run on your PC under QBASIC, or compiled by Quickbasic or Power Basic and then run. So long as it is running, anything coming in over the serial port (COM1) will show up as a number on the screen. The program ends whenever you hit a key. This should run on any IBM compatible PC with a COM port. IF it uses Windows, you may need to go to the command prompt to run the program.

OPEN "COM1: 9600,N,8,1,RS,CD0,CS0,DS0" FOR RANDOM AS #1

        DO

            IF eof(1)=0 THEN

                a$ = INPUT$(1,1)

                PRINT ASC( a$);

            END IF

            IF INKEY$<>"" THEN EXIT DO

        LOOP

        PRINT

        PRINT

        END

To get this up and running, type EDIT from the command prompt and enter the program as you see it here. Save it under some convenient file name like TEST.BAS. Then you should be able to run it by the command “QBASIC TEST”. I hope that you get this all up and running with no trouble and that it opens up new avenues for you in how to use an embedded micro-controller.

Now, let’s get our data flowing in both directions. The following program in RVK-Basic will read a byte from the PC and then add one to it and send it back to the PC. So data will flow only when the PC sends something.


DEVICE 2313


MHZ
4


XMIT INIT 9600


RECV INIT 9600


RECV INTERRUPT ON


rflag = 0


DO



IF rflag | 0 THEN




INCR rbyte




XMIT OUT rbyte




rflag = 0



END IF


LOOP

‘===============================

‘
INTERRUPT HANDLER FOR 
 =

‘
RECV FROM THE UART

 =

‘===============================

  INTERRUPT RECV


PUSHFLAGS


PUSHREG


rflag = 1


RECV IN rbyte, errflag~


POPREG


POPFLAGS

  END INTERRUPT
There are several new ideas in this program that deserve comment. The RECV INTERRUPT ON statement enables interrupts from the receiver side of the UART. Whenever a byte comes into the UART an interrupt is generated. This means that no matter what the program is doing, it will jump to the interrupt handler for that interrupt. In the case of the RECV, it will jump to the statement INTERRUPT RECV. 

The two PUSH statements save the current state of the processor data and flags onto the system stack. At the end of the interrupt routine the two POP statements retrieve the processor data and flags from the stack so that it can return to the main program in the same state as when the interrupt occurred. These statements should be placed in every interrupt handler that you write. The real work of the interrupt handler is in the two statements in the middle. It sets the variable rflag, which informs the main program that a byte has been received. The RECV IN statement loads the data from the UART into the variable rbyte and also loads a byte of error flags (which we ignore) into “errflag~”. This is a new type of variable to the student at this point. By placing a tilde on the end of the name, I have specified that the variable is a byte variable stored in RAM (not in a register). Remember that you only get to use 28 register variables in a program and all others must go into RAM. So this shows you how to do that.

Back in the main program, we simply watch for the rflag to become set. Whenever this happens we increment the rbyte (that’s what INCR does) and transmit it out to the PC. So if the PC sends us an “A” we will echo back a “B”. You can try this out with the following program on your PC.

        OPEN "COM1: 9600,N,8,1,RS,CD0,CS0,DS0" FOR RANDOM AS #1

        PRINT “HIT ESC TO END THIS PROGRAM.”

        PRINT

        DO


A$ = INKEY$


IF A$<>”” THEN


    IF ASC(A$) = 27 THEN EXIT DO


    PRINT #1,A$;


END IF

            IF EOF(1) = 0 THEN

                a$ = INPUT$(1,1)

                PRINT ASC( a$);

            END IF

        LOOP

        PRINT

        PRINT

        END

When you have this PC program running together with the AVR program you will have established two-way communications between your PC and the development board.

In the next article we will take up program structure.

