Learning RVK-Basic, Part 7

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 today’s article we will investigate the question of how to perform fractional math using only the unsigned integers available in RVK-Basic. Along the way, we will develop code to turn a simple AVR into a Digital Multimeter with digital output (using your PC as the display device). 

Fractional Math Using Unsigned Integers

A fairly common requirement for a micro-controller is that it convert an integer number into a series of ASCII digits for some sort of display. This situation can occur when you are sending data to an LCD, or a 7-segment LED, or when the data is being sent over RS-232 to a PC. 

For a typical example, we will take the output from the A/D converter of the micro-controller and produce four ASCII digits, which we will send over Rs-232 to your PC. When you have this project up and running, you can just connect the serial port of your development board (an STK200 or an STK500) to a COM port on your PC and use Hyper Terminal to see the data coming out.

The A/D produces a 10-bit output for its result. Thus the output number of the A/D ranges from 0 to 1023. If the A/D converter is running from the +5V supply, then a 0 VDC input will generate an output of 0, and a 5 VDC input will produce an output of 1023. What we would like to have is a number that ranges from 0 to 5000 for the full conversion range because we could convert an integer value of 5000 to a BCD (Binary Coded Decimal) number of &H5000. Given the BCD number, we can easily strip off each nibble of the number, convert to ASCII by adding &H30, and transmit out the result one digit at a time.

As an example, if we put in 4.255 volts to the A/D converter we should get a reading of 871 counts. No we need some magic routine to convert that number of 871 to an integer value of 4255. Then we convert the 4255 to a BCD number and get &H4255.

In order to perform the conversion we will first expand the counts from the A/D to a value at least a factor of two higher than the result we want to get. We will do this by shifting the 871 number left a few times, let’s say 4 times. Each time we shift it left we get double the original number, so after 4 shifts 871 had become 13936. (We could have shifted left as many as six times because the original number is a 10-bit number and an integer holds 16 bits). 

Following our line of thought, we would like to be able to divide our 13936 number by a constant to produce a result of 4255. Clearly that constant would be 13936 / 4255 or 3.2751. We could have arrived at the same constant using full-scale numbers: 1023 is 5 volts, shifted left 4 times becomes 16368 and needs to be divided by 3.2736 to result in 5000. The latter constant, 3.2736 is more accurate than the first constant because of the higher precision in our larger integers. 

Since we don’t know how to divide an integer by a real number like 3.2736 using only unsigned numbers, let’s think just a moment. We could arrive at a correct result if we could multiply the 16368 by the reciprocal of 3.2736, or 0.305474. We don’t know how to do this either but we will in a few more lines if you’ll bear with me. 

Let’s suppose that we could write a procedure, which would multiply an integer by a second integer, where we treat the second integer as a fraction. 

What do we really mean by a fraction? Does not multiplying the number 0.305474 times something else mean that we will add up 3/10 plus 5/100 plus 4/1000 plus 7/10000 plus 4/100000 times that something else? So then a binary fraction like &B10010011 would mean the sum of ½ plus 1/16 plus 1/128 plus 1/256. Each one in the binary fraction represents the addition of the multiplicand after shifting it right one place for each place in the binary fraction. The following procedure, IMULF, does exactly that and it’s only 11 lines of active code.

'=====BEGIN IMULF================================

'=      inputs: a%,f%                           =

'=      output: r%                              =

'= r% is a% multiplied by the fraction f%       =

'================================================

SUB IMULF(a%,f%)(r%)

        r% = 0

        WHILE f% | 0

          SHIFT a%,1,RIGHT      '...a% = a% \ 2

          IF f% < &H8000 THEN

          ELSE

            r% = r% + a%

          END IF

          SHIFT f%,1,LEFT

        WEND

END SUB

'=====END IMULF==================================

It should be clear that the above routine successively shifts a% right (dividing it by two) and adds the piece to the result only if the corresponding bit of f% is a 1.

Now, our only remaining problem is to figure out what f% needs to be in binary or hex to correspond to 0.305474. 

I have written and tested a program which solves this problem for us. It is written in Quickbasic and will run under the Qbasic interpreter supplied with most (ugh!) Windows sl-operating systems. (Real men use DOS: quiche-eaters use Windows.) 

  '..Program computes fractional integer for use in

        '..unsigned fractional multiplications...........

        PRINT

        INPUT "Raw value (larger of the two numbers)"; raw#

        INPUT "Desired result (Smaller of the two numbers)"; tgt#

        orgraw# = raw#

        fraction$ = ""

        FOR i = 1 TO 16

          raw# = raw# \ 2

          IF raw# <= tgt# THEN

            a$ = "1"

            tgt# = tgt# - raw#

          ELSE

            a$ = "0"

          END IF

          fraction$ = fraction$ + a$

        NEXT

        PRINT "Resulting fraction is "; fraction$;

        '...convert fraction$ to mul&...

        '...compute actual result from a multiplication...

        mul& = 0

        result& = 0

        raw# = orgraw#

        WHILE fraction$ <> ""

          mul& = mul& * 2

          raw# = raw# \ 2

          IF LEFT$(fraction$, 1) = "1" THEN

            mul& = mul& + 1

            result& = result& + raw#

          END IF

          fraction$ = MID$(fraction$, 2)

        WEND

        PRINT " or &H"; HEX$(mul&)

        PRINT "Result is "; result&

        END

The program just listed, which I call FCOMP.BAS, will ask you for your raw value (16368 in our case), and then the desired result (5000 in our case). Then it will compute the fraction which when multiplied by 16368 will result in 5000 and print it in binary for you. 

As a second step the program computes this integer fraction in hex for you and also computes the actual result obtained when the integer fraction is multiplied by the raw value. 

In our case, entering 16368 and 5000 as data, we get a fraction of &H4E47. 

So now we are ready to write the entire program to read a channel of the A/D converter and transmit the result in BCD volts out on RS-232. Here is the program.

  DEVICE  4433

        MHZ     4

        REVISION RB7CODE REV. 011113.0-rvk

'========================================================

'=      DEMONSTRATION PROGRAM FOR SCALING               =

'=      (Part of RB7.DOC article)                       =

'=                                                      =

'=      This program reads an analog input on analog    =

'=      channel 0 and display the value as percent of   =

'=      full scale on the LED's on a development        =

'=      board as well as transmitting the result in     =

'=      volts out over RS-232.                          =

'========================================================

'=======PORT B I/O DEFINITION====================

'=      BIT     DIR     FUNCTION                =

'=      0       IN      SPARE                   =

'=      1       IN      SPARE                   =

'=      2       IN      SPARE                   =

'=      3       IN      SPARE                   =

'=      4       IN      SPARE                   =

'=      5       IN      SPARE                   =

'================================================

        'DIRPORT B,IN

        OUTPORT B,&HFF

'=======PORT C I/O DEFINITION====================

'=      BIT     DIR     FUNCTION                =

'=      0       IN      ANALOG INPUT            =

'=      1       IN      SPARE                   =

'=      2       IN      SPARE                   =

'=      3       IN      SPARE                   =

'=      4       IN      SPARE                   =

'=      5       IN      SPARE                   =

'================================================

        'DIRPORT C,IN

        OUTPORT C,0

        EQU "0","A2D_0"

'=======PORT D I/O DEFINITION====================

'=      BIT     DIR     FUNCTION                =

'=      0       IN      RXD                     =

'=      1       OUT     TXD                     =

'=      2       IN      SPARE                   =

'=      3       IN      SPARE                   =

'=      4       IN      SPARE                   =

'=      5       IN      SPARE                   =

'=      6       IN      SPARE                   =

'=      7       IN      SPARE                   =

'================================================

        DIRPORT D,&B00000010

        OUTPORT D,&B11111101

        EQU "D,1","TXD"

        XMIT INIT 9600  '..initialize the UART for 9600 Baud..

MAIN:

        DO

          A2D raw%,"A2D_0",IDLE

          FILTER cur%,raw%,1

          comp% = cur%

          SHIFT comp%,4,LEFT    '..5 volts is 16368 counts..

          frac% = &H4E47        '..fractional multiplier....

          CALL IMULF(comp%,frac%)(result%)

                '...result% is now scaled for conversion to

                '...a bcd number with a max value of 5000.

          CALL INT2BCD(result%)(bcd%)

          GOSUB WRSER           '...write bcd% out serial port..

          PAUSE 43              '...Loop delay is .05 sec

        LOOP

'=====BEGIN WRSER================================

'=      input:  bcd%                            =

'=      output: uart                            =

'================================================

        STACK 2

WRSER:  BYTES bcd%

        wrser0~ = bcd%          '...MSB first...

        SHIFT wrser0~,4,RIGHT   '..upper nybble

        wrser0~ = wrser0~ + &H30

        XMIT OUT  wrser0~       '..xmit 1st byte..

        wrser0~ = 46            '..a period......

        XMIT OUT  wrser0~       '..xmit 2nd byte..

        wrser0~ = bcd%

        wrser0~ = wrser0~ AND &HF + &H30

        XMIT OUT  wrser0~       '..xmit 3rd byte..

        BYTES bcd%

        wrser0~ = bcd%          '...LSB last...

        SHIFT wrser0~,4,RIGHT   '..upper nybble

        wrser0~ = wrser0~ + &H30

        XMIT OUT  wrser0~       '..xmit 4th byte..

        wrser0~ = bcd%

        wrser0~ = wrser0~ AND &HF + &H30

        XMIT OUT  wrser0~       '..xmit 5th byte..

        XMIT OUT 13

        XMIT OUT 10

        PAUSE 50

RETURN

'=====END WRSER==================================

'=====BEGIN IMULF================================

'=      inputs: a%,f%                           =

'=      output: r%                              =

'= r% is a% multiplied by the fraction f%       =

'================================================

SUB IMULF(a%,f%)(r%)

        r% = 0

        WHILE f% | 0

          SHIFT a%,1,RIGHT      '...a% = a% \ 2

          IF f% < &H8000 THEN

          ELSE

            r% = r% + a%

          END IF

          SHIFT f%,1,LEFT

        WEND

END SUB

'=====END IMULF==================================

'====INTEGER TO BCD PROCEDURE============================

'= CONVERTS a% to n% in packed BCD format               =

'========================================================

SUB INT2BCD(a%)(n%)

        n% = 0

        WHILE a% > 999

          a% = a% - 1000

          n% = n% + &H1000

        WEND

        WHILE a% > 99

          a% = a% - 100

          n% = n% + &H100

        WEND

        WHILE a% > 9

          a% = a% - 10

          n% = n% + &H10

        WEND

        n% = n% + a%

END SUB

'====END SUB INT2BCD=====================================

You are invited to notice that the main program is fairly short. The WRSER writes the BCD number out as 4 ASCII numbers with a decimal point after the first digit and follows the digits with a carriage-return and line-feed.

The IMULF routine is exactly as discussed earlier and the INT2BCD routine should be intuitively obvious to even the most casual reader. 

What the diligent student should notice here is that I have used Quickbasic to test my algorithm before I committed it to a micro-controller. By implementing the algorithm in FCOMP as I did, I was able to prove that the concept works before ever writing a line of RVK-Basic. This is a very powerful technique that I recommend to all. It is far easier to debug an algorithm in Quickbasic than it is when it is embedded in a micro-controller. Happy computing!

