   'Set clock for 8 MHz (Atmega328)

'This program monitors four cell voltages of the 24V battery and switch the

'Solar Panels in/out, and also indicate cell status with LEDs

'This processor works in parallel with a second similar processor which manages

'the other four cells of the battery.

'Initialization

'***************************************************

Config PortB.0 = input 'PortB.0 is used to reset the LED cell indicators

Config PortB.1 = output 'PortB.1 is used to indicate the Solar Panel on/out state

Config PortB.2 = output 'PortB.2 is used to switch the Solar Panels on/out

Config PortD = output   'PortD is used to drive the 8 Cell LEDs

'PortC is used to monitor the cell voltages and is configured each time it is used

PortB.1=0             'Switch Solar Panels off

PortB.2=0

Dim Voltagelowbyte as Byte                'ADC low value byte for cell 1

Dim Voltagehighbyte as Byte               'ADC high value byte for cell 1

Dim Voltage as Word                       'ADC combined value word for cell 1

Dim Voltage1 as Single                    'Used to present the four Cell Voltages

Dim Voltage2 as Single

Dim Voltage3 as Single

Dim Voltage4 as Single

Dim M as Integer                         'Used for the for - next - loops

Dim N as Integer                         'Used for Cell lable

Dim CellFull as Single                   'Allowable Cell Voltage at Full Cell

Dim CellEmpty as Single                  'Minimum allowable cell voltage

PortB.1 = 1                                'Test indicator LEDs and confirm correct processor Start-Up

Wait 2.5

PortB.1 = 0

Wait 2.5

PortD.0 = 1

Wait 2.5

PortD.0 = 0

Wait 2.5

PortD.1 = 1

Wait 2.5

PortD.1 = 0

Wait 2.5

PortD.2 = 1

Wait 2.5

PortD.2 = 0

Wait 2.5

PortD.3 = 1

Wait 2.5

PortD.3 = 0

Wait 2.5

    'Zeroize all values

PortB.1=0

Portb.2=0

Portd = 0

M = 0

N = 0

Voltage = 0

Voltage1 = 0

Voltage2 = 0

Voltage3 = 0

Voltage4 = 0

Voltagehighbyte = 0

Voltagelowbyte = 0

            'Set threshold voltages for full and empty cells

CellFull = 3.45/5.0                    'Cell voltage at full is set for 3.45V (27.6V)

CellFull = CellFull * 1024

CellEmpty = 2.875/5.0                          'Cell voltage minimum is set for 2.875V (23V)

CellEmpty = CellEmpty * 1024

wait 1    'Stabilize to Start

PortB.2 = 1                                 'Switch Solar Panels on

PortB.1 = 1

'Main Program

'***************************************************

                   'The Main Routine measures four cell voltages

                    'and switch Solar Panels in/out

Start:

IF Pinb.0 = 1 then PortD = 0                ' Reset Cell LED indicators when needed

                  'Measure Cell Voltages *****************

Voltage4 = 0

For M = 1 to 100

Out &H7C , &B00000101                          'Setup the Adc - Port ADC5

Out &H7A , &B11010111

   Waitms 1

   Voltagelowbyte = Inp(&H78)                  'Read Cell Voltage

   Voltagehighbyte = Inp(&H79)

   Waitms 1

   Voltage = Makeint(Voltagelowbyte , Voltagehighbyte) 'Combine ADC bytes into a word

   Voltage4 = Voltage + Voltage4

   Waitms 1

Next M

Voltage3 = 0

For M = 1 to 100

Out &H7C , &B00000100                          'Setup the Adc - Port ADC4

Out &H7A , &B11010111

   Waitms 1

   Voltagelowbyte = Inp(&H78)                  'Read Cell Voltage

   Voltagehighbyte = Inp(&H79)

   Waitms 1

   Voltage = Makeint(Voltagelowbyte , Voltagehighbyte) 'Combine ADC bytes into a word

   Voltage3 = Voltage + Voltage3

   Waitms 1

Next M

Voltage2 = 0

For M = 1 to 100

Out &H7C , &B00000011                          'Setup the Adc - Port ADC3

Out &H7A , &B11010111

   Waitms 1

   Voltagelowbyte = Inp(&H78)                  'Read Cell Voltage

   Voltagehighbyte = Inp(&H79)

   Waitms 1

   Voltage = Makeint(Voltagelowbyte , Voltagehighbyte) 'Combine ADC bytes into a word

   Voltage2 = Voltage + Voltage2

   Waitms 1

Next M

Voltage1 = 0

For M = 1 to 100

Out &H7C , &B00000010                          'Setup the Adc - Port ADC2

Out &H7A , &B11010111

   Waitms 1

   Voltagelowbyte = Inp(&H78)                  'Read Cell Voltage

   Voltagehighbyte = Inp(&H79)

   Waitms 1

   Voltage = Makeint(Voltagelowbyte , Voltagehighbyte) 'Combine ADC bytes into a word

   Voltage1 = Voltage + Voltage1

   Waitms 1

Next M

Voltage4 = Voltage4/100               'Calculate average cell voltages (electronic system noise)

Voltage3 = Voltage3/100

Voltage2 = Voltage2/100

Voltage1 = Voltage1/100

Voltage2 = Voltage2 * 2               'Determine and store the four cell voltages

Voltage3 = Voltage3 * 3

Voltage4 = Voltage4 * 4

Voltage4 = Voltage4 - Voltage3

Voltage3 = Voltage3 - Voltage2

Voltage2 = Voltage2 - Voltage1

'Compare Cell Voltages with threshold voltages and check for Cell Voltage too low or cell full

If Voltage1 < CellEmpty then N = 1

If Voltage1 < CellEmpty then Gosub CellEmptySub

If Voltage2 < CellEmpty then N = 2

If Voltage2 < CellEmpty then Gosub CellEmptySub

If Voltage3 < CellEmpty then N = 3

If Voltage3 < CellEmpty then Gosub CellEmptySub

If Voltage4 < CellEmpty then N = 4

If Voltage4 < CellEmpty then Gosub CellEmptySub

If Voltage1 >= CellFull then N = 1

If Voltage1 >= CellFull then Gosub CellFullSub

If Voltage2 >= CellFull then N = 2

If Voltage2 >= CellFull then Gosub CellFullSub

If Voltage3 >= CellFull then N = 3

If Voltage3 >= CellFull then Gosub CellFullSub

If Voltage4 >= CellFull then N = 4

If Voltage4 >= CellFull then Gosub CellFullSub

Wait 1

Goto Start

'*************************************************

'                   Sub-routines

'*************************************************

CellEmptySub:

PortB.2 = 1                               'It is assumed that the Inverter's Chargers

PortB.1 = 1                               'will switch on (Eskom or other alternative)

                                          'before the cell empty voltages occur.

If N = 1 Then PortD.0 = 1

If N = 2 Then PortD.1 = 1                'Indicate which cell is Empty (LED)

If N = 3 Then PortD.2 = 1

If N = 4 Then PortD.3 = 1

Return

CellFullSub:

PortB.2 = 0                              'Switch Solar Panels off

PortB.1 = 0

If N = 1 Then PortD.0 = 1

If N = 2 Then PortD.1 = 1               'Indicate which cell is Full (LED)

If N = 3 Then PortD.2 = 1

If N = 4 Then PortD.3 = 1

Wait 600                         'Wait 5 min before re-connecting the Solar Panels

PortB.2 = 1                              'Switch Solar Panels on

PortB.1 = 1

Return

End

