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Weather Station Design
The weather station is an embedded system with a Real Time Operating System (RTOS).  Its primary function is to display temperature, wind speed, and wind direction on a CRT display.  Additionally, the weather station displays wind direction on a circular arrangement of 8 LEDs.
Specifications:
· Display current temperature (from ranges 0 to 100 Fahrenheit) to CRT screen, and update at least every 110 milliseconds.
· Display current wind speed in m/s to CRT screen, and update at least every 100 milliseconds.
· Display current wind direction in degrees to CRT screen, and update at least every 100 milliseconds.
· Show current wind direction using 8 different LEDs in a circle.  If wind speed is <2 m/s, blank all 8 LEDs and light a 9th LED to indicate no wind. 
Hardware:

· Anemometer

· Wind Vane

· Thermostat

· Wind Direction Lights

· CRT Terminal Display

Implementation: 
The weather station performs the three following tasks:
· Task 0: Read in voltages of weather signals ever 100ms.

· Task 1: Display weather reading on CRT display.

· Task 2: Light up correct LED for current wind direction.

The tasks of the weather station are achieved by series of 4 threads in the program using a background/foreground structure.  Two threads in the foreground complete task 1 and task 2 of the weather station.  A third thread in the background uses a round robin approach to schedule the execution of the first two threads.  The third thread is interrupt controlled.  Finally, the fourth thread of the program is also in the background of the program architecture and controlled by an interrupt.  The function of the fourth thread is to complete task 0 of the weather station.  Note that the program architecture meets all specifications of the weather station design.  Additionally, the program architecture meets all the necessary ECE 473 course project requirements.                 

Theory/Procedure(s)
The weather station program comprises of 5 main files, and 4 header files.  This is so that is adheres to a modular structure which makes the program easier to read and debug.  The names of these files are:
· weather.c

· weather-progs.c

· weather-threads.c

· weather-sci.c

· weather-spin.c

NB:  Theses files are in the code section of the report; please
     refer to them from there...
The weather.c file contains the main code for the program, and it includes other files within it to make the program fully functional as a whole, and run as desired.  The overall program makes use of a number of self-contained functions that give the program its modular structure.  The functions used in the program are each described in detail below.
The main()function initializes the system (interrupts, I/O, A/D).  Next it prints out a welcome message and other messages necessary for the weather outputs to the CRT display.  It then specifies the first thread to be run and enables interrupts before it hands over control to the thread switcher.
The thread switching is handled by the ThreadSwitcher() function which is executed in an output compare Interrupt Service Routine (ISR).  The purpose of the thread switcher is to switch between Thread 1 and Thread 2 every 20ms using a round-robin approach.  Thread 1 and 2 are defined in their Thread Control Blocks (TCB) which hold information of what program they should execute.  These TCBs are defined in the weather-threads.c file and will be discussed further below.

Additionally, the AtoD() function in the weather.c file.  Its purpose is to read in the voltages from the external weather sensors (wind vane, anemometer, and thermostat) through the A/D inputs of the micro-controller, and store them into global variables.  It updates these global variables every 100 ms.
There are two programs which are executed by Thread 1 and Thread 2 when they are running.  Their names are DispWeather() and DispWindDir().  Thread 1’s TCB defines it to run the DispWeather() program while Thread 2’s TCB defines it to run the DispWindDir() program.  The DispWeather() function displays the current values for wind direction, wind speed, and temperature to the CRT display, while the DispWindDir() function lights up the correct LED for the current wind direction or the no wind LED if minimal wind is present.  These functions (i.e. DispWeather and DispWindDir) can be found in the weather-progs.c file in the code section of the report.
The DispWeather() function makes use of a binary spin-lock semaphore to output current weather values to the CRT display.  This is not needed for this particular program because it has only one task making use of this port, but it was implemented nevertheless because another task might be added to the program in future that may need to output values to the CRT display using the same port.  Thus, potential future program errors are avoided.  The spin-lock semaphore makes use of Wait() and Signal() functions which can be found in the weather-spin.c file (in code section of this report).
Another important function, EscapeSequence(), is used to jump the cursor directly to the point on the CRT display where weather values are to be shown.  This makes the program faster because it need not waste time repeatedly outputting long descriptive strings (text) anytime a new value for a weather reading is obtained.  This function takes an input, and depending on what the input is, it moves the cursor to the appropriate position.  The DispWeather() function which Thread 1 executes makes use of this when displaying weather values to screen.
Finally, regular text or numbers which the program has to show on the CRT display (e.g. weather station welcome message) are handled by the OutString() and OutUDec() functions in the weather-sci.c file.
Depending on if the weather station program is run from EEPROM, or loaded into buffalo, it uses the vectors.c file or vector.h file.  The former is needed when the RTOS is loaded into EEPROM directly.  The difference between these files is that one uses the real vector addresses (vectors.c -> EEPROM) for the OC1 and OC2 interrupts, while the other uses buffalo vector jump tables (vector.h -> Buffalo).

NOTE: FLOWCHARTS AND .C FILES USED FOR THIS PROGRAM ARE IN THEIR RESPECTIVE SECTIONS.

Results/Conclusion

The weather station embedded system described above was successfully completed and implemented using a 68HC11 microprocessor.  The current weather conditions read by the system sensors were updated to a CRT display to meet the system specifications.  Additionally, the wind information was correctly output to an arrangement of LEDs.  The weather station was fully functional when running under Buffalo or EEPROM.
INSTURCTIONS FOR RUNNING WEATHER STATION

Buffalo: (this assumes buffalo is on EEPROM)
· Establish communications of the HC11 to a hyperterminal window on a computer.

· Push the Reset button on the HC11

· Type in “L T” in the command prompt in the hyperterminal window.
· Load the weather.s19 file under the Buffalo folder

· Type in “C 2000” in command prompt (call address 2000)

EEPROM:

· Establish communications of the HC11 to the axiom software included with the axiom HC11.

· Install JP1 and JP2

· Load weather.s19 file under the EEPROM folder into the EEPROM

· Uninstall JP1 and JP2

Push the reset button on the HC11 board

Flowchart(s)…
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BUFFALO CODE
[header files] (primarily function prototypes)

· hc11.h

· weather-progs.h

· weather-sci.h

· vector.h

[main files]

· weather.c

· weather-progs.c

· weather-threads.c

· weather-sci.c

· weather-spin.c
/*

- hc11.h

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

#ifndef __HC11_H

#define __HC11_H
1

/* base address of register block, change this if you relocate the register

 * block. This is from an A8. May need to be changed for other HC11 members

 * or if you relocate the IO base address.

 */

#ifndef _IO_BASE

#define _IO_BASE
0x1000

#endif

#define PORTA
*(unsigned char volatile *)(_IO_BASE + 0x00)

#define PIOC
*(unsigned char volatile *)(_IO_BASE + 0x02)

#define PORTC
*(unsigned char volatile *)(_IO_BASE + 0x03)

#define PORTB
*(unsigned char volatile *)(_IO_BASE + 0x04)

#define PORTCL
*(unsigned char volatile *)(_IO_BASE + 0x05)

#define DDRC
*(unsigned char volatile *)(_IO_BASE + 0x07)

#define PORTD
*(unsigned char volatile *)(_IO_BASE + 0x08)

#define DDRD
*(unsigned char volatile *)(_IO_BASE + 0x09)

#define PORTE
*(unsigned char volatile *)(_IO_BASE + 0x0A)

#define CFORC
*(unsigned char volatile *)(_IO_BASE + 0x0B)

#define OC1M
*(unsigned char volatile *)(_IO_BASE + 0x0C)

#define OC1D
*(unsigned char volatile *)(_IO_BASE + 0x0D)

#define TCNT
*(unsigned short volatile *)(_IO_BASE + 0x0E)

#define TIC1
*(unsigned short volatile *)(_IO_BASE + 0x10)

#define TIC2
*(unsigned short volatile *)(_IO_BASE + 0x12)

#define TIC3
*(unsigned short volatile *)(_IO_BASE + 0x14)

#define TOC1
*(unsigned short volatile *)(_IO_BASE + 0x16)

#define TOC2
*(unsigned short volatile *)(_IO_BASE + 0x18)

#define TOC3
*(unsigned short volatile *)(_IO_BASE + 0x1A)

#define TOC4
*(unsigned short volatile *)(_IO_BASE + 0x1C)

#define TOC5
*(unsigned short volatile *)(_IO_BASE + 0x1E)

#define TCTL1
*(unsigned char volatile *)(_IO_BASE + 0x20)

#define TCTL2
*(unsigned char volatile *)(_IO_BASE + 0x21)

#define TMSK1
*(unsigned char volatile *)(_IO_BASE + 0x22)

#define TFLG1
*(unsigned char volatile *)(_IO_BASE + 0x23)

#define TMSK2
*(unsigned char volatile *)(_IO_BASE + 0x24)

#define TFLG2
*(unsigned char volatile *)(_IO_BASE + 0x25)

#define PACTL
*(unsigned char volatile *)(_IO_BASE + 0x26)

#define PACNT
*(unsigned char volatile *)(_IO_BASE + 0x27)

#define SPCR
*(unsigned char volatile *)(_IO_BASE + 0x28)

#define SPSR
*(unsigned char volatile *)(_IO_BASE + 0x29)

#define SPDR
*(unsigned char volatile *)(_IO_BASE + 0x2A)

#define BAUD
*(unsigned char volatile *)(_IO_BASE + 0x2B)

#define SCCR1
*(unsigned char volatile *)(_IO_BASE + 0x2C)

#define SCCR2
*(unsigned char volatile *)(_IO_BASE + 0x2D)

#define SCSR
*(unsigned char volatile *)(_IO_BASE + 0x2E)

#define SCDR
*(unsigned char volatile *)(_IO_BASE + 0x2F)

#define ADCTL
*(unsigned char volatile *)(_IO_BASE + 0x30)

#define ADR1
*(unsigned char volatile *)(_IO_BASE + 0x31)

#define ADR2
*(unsigned char volatile *)(_IO_BASE + 0x32)

#define ADR3
*(unsigned char volatile *)(_IO_BASE + 0x33)

#define ADR4
*(unsigned char volatile *)(_IO_BASE + 0x34)

#define OPTION
*(unsigned char volatile *)(_IO_BASE + 0x39)

#define COPRST
*(unsigned char volatile *)(_IO_BASE + 0x3A)

#define PPROG
*(unsigned char volatile *)(_IO_BASE + 0x3B)

#define HPRIO
*(unsigned char volatile *)(_IO_BASE + 0x3C)

#define INIT
*(unsigned char volatile *)(_IO_BASE + 0x3D)

#define TEST1
*(unsigned char volatile *)(_IO_BASE + 0x3E)

#define CONFIG
*(unsigned char volatile *)(_IO_BASE + 0x3F)

/* These values are for a 8Mhz clock

 * 0x3? set the SCP1|SCP0 to 0x3

 */

typedef enum

{


BAUD9600 = 0x30, BAUD4800 = 0x31, BAUD2400 = 0x32, 


BAUD1200 = 0x33, BAUD600 = 0x34, BAUD300 = 0x35

} BaudRate;

void setbaud(BaudRate);

#ifndef INTR_ON

#define INTR_ON()
asm("
cli")

#define INTR_OFF()
asm("
sei")

#define END_PROG()
asm("
swi")

#endif

#ifndef bit

#define bit(x)
(1 << (x))

#endif

#ifndef _SCI

/* SCI bits */

#define RDRF
bit(5)

#define TDRE
bit(7)

#define T8

bit(6)

#define R8

bit(7)

#endif

#endif

/*

- vector.h

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

#define SCIvector *(void(**)())0x00c5

#define SPIvector *(void(**)())0x00c8

#define PAIvector *(void(**)())0x00cb

#define PAOvector *(void(**)())0x00ce

#define TOvector *(void(**)())0x00d1

#define TOC5vector *(void(**)())0x00d4

#define TOC4vector *(void(**)())0x00d7

#define TOC3vector *(void(**)())0x00da

#define TOC2vector *(void(**)())0x00dd

#define TOC1vector *(void(**)())0xffe8

#define TIC3vector *(void(**)())0x00e3

#define TIC2vector *(void(**)())0x00e6

#define TIC1vector *(void(**)())0x00e9

#define RTIvector *(void(**)())0x00ec

#define IRQvector *(void(**)())0x00ef

#define XIRQvector *(void(**)())0x00f2

#define SWIvector *(void(**)())0x00f5

#define IILOPvector *(void(**)())0x00f8

#define COPvector *(void(**)())0x00fb

#define CMFvector *(void(**)())0x00fe

/*  ******************example************************

    *    #include <HC11.h>                          *

    *    #include <STDIO.h>                         *

    *    #include <vector.h>                        *

    *    unsigned int Cnt=0;                        *

    *    #pragma interrupt_handler TOC3handler()    *

    *    void TOC3handler(){                        *

    *            TOC3=TOC3+10000;                   *

    *            TFLG1=0x20;                        *

    *            Cnt++; }                           *

    *    main(){                                    *

    *      asm(" sei");                             *

    *      TOC3vector=&TOC3handler;                 *

    *      TFLG1 = 0x20;                            *

    *      TMSK1 = 0x20;                            *

    *      TOC3=0;                                  *

    *      asm(" cli");                             *

    *      while(1){                                *

    *        printf("Cnt= %d \n", Cnt); }           *

    *    }                                          *

    *************************************************  */

/*

- weather-progs.h

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

void EscapeSequence(char);

void DispWeather(void);

void DispWindDir(void);
/*

- weather-sci.h

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

char InChar(void);

void OutChar(char);

unsigned char InStatus(void);


unsigned char OutStatus(void);

void OutUDec(unsigned int);

void OutString(char *);

/*

- weather.c

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

#include "hc11.h"

#include "vector.h"

#include "weather-sci.h"

#include "weather-progs.h"

#define stacksize 150

#define switchtime 40000

#define readtime 50000

int Wind_speed, Wind_direction, Temperature;

char count;

int displayFree;

//==========[.c file includes]=========================

#include "weather-spin.c"

//semaphore file

#include "weather-threads.c"
//thread structure file

#include "weather-sci.c"

//SCI file

#include "weather-progs.c"

//programs file

//=====================================================

/*******************************************************

Name: ThreadSwitcher

Purpose: - Switch threads in a round-robin manner

Inputs: none

Outputs: none

********************************************************/

#pragma interrupt_handler ThreadSwitcher()

void ThreadSwitcher()

{


//OutString("switch...");
//debugger


INTR_OFF(); 

  //disable interrupts


asm(" ldx _RunPt\n"



" sts 2,x");


RunPt = RunPt->Next;


asm(" ldx _RunPt\n"



" lds 2,x");


TOC1 = TCNT + switchtime;
//Reschedule Thread Swithcher(e.g. will run for 10ms if switchtime is 20000)


TFLG1 = 0x80;


INTR_ON();   

   //enable interrupts 

}

/*******************************************************

Name: AtoD

Purpose: - To read in Voltages of weather signals and 

store them in global variables.

Inputs: none

Outputs: none

********************************************************/

#pragma interrupt_handler AtoD()

void AtoD(void)

{


INTR_OFF(); 

  //disable interrupts


count = count + 1;


if (count == 4)


{



Wind_speed = ADR1;



Wind_direction = ADR2;



Temperature = ADR3;



count = 0;


}


TOC2 = TCNT + readtime;  


TFLG1 = 0x40;


INTR_ON();   

   //enable interrupts 

}

/*******************************************************

Name: Main

Purpose: - Initialize weather station



 - Hand control over to Thread Switcher ISR

Inputs: none

Outputs: none

********************************************************/

main()

{


unsigned char i, dummy;


int temp;


INTR_OFF();




//disable interrupts


//init vars


Wind_speed=0;


Wind_direction=0;


Temperature=0;


count = 0;


EscapeSequence(1);


OutString(".:[ WEATHER STATION ]:.\n\r");


OutString("=======================\n\r\n\r");


//I/O config...


OutString("Initializing I/O...\n\r");


SCCR1=0;


SCCR2=0x0c;




//enable SCI


setbaud(BAUD9600);


//set baud rate to 9600


PORTA = 0;



DDRD = 0x3C;


PACTL = 0x88;


//OC1, OC2 config...


OutString("Initializing OCn Interrupts...\n\r");


TOC1vector = &ThreadSwitcher;


TOC2vector = &AtoD;


TMSK1 = 0xC0;


TFLG1 = 0xC0;


TOC1 = TCNT + (65000);


TOC2 = TCNT + 40000;


//A/D Initialization...


OutString("Initializing A/D...\n\r");


OPTION = (OPTION | 0xC0);
//Power up A/D, set csel


for (i=0; i<200; i++)

//Delay 100 us



dummy = i;


ADCTL = 0x30;  //set scan =1, mult=1, and cd=0, cc=0


//Thread & Semaphore config...


OutString("Initializing Threads & Semaphore...\n\r");


displayFree = 1;


RunPt=&sys[0];



//Specify first thread to run


asm("  ldx _RunPt\n"



"  lds 2,x\n");


OutString("\n\r::[System Initialization Complete]::\n\r\n\r");


for(temp=0; temp<60000; temp++)
//delay (so above initialization messages can be seen)



temp++;


for(temp=0; temp<60000; temp++)
//delay (so above initialization messages can be seen)



temp++;


EscapeSequence(1);


//clears screen


//Display weather station readings


OutString("WELCOME TO WEATHER STATION...\n\r\n\r");


OutString("The Current Wind Direction is: \n\r\n\r");


OutString("The Current Wind Speed is: \n\r\n\r");


OutString("The Current Temperature is: ");


INTR_ON();




//enable interrupts


asm("rti");

}

/*

- weather-progs.c

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

/*******************************************************

Name: Escape Sequences 

Purpose: - Move cursor to a specific area on CRT display

Inputs: Any character

Outputs: none

********************************************************/

void EscapeSequence(char i)

{


//if character passed is '1', clear screen


//if character passed is '2', move cursor to wind direction output area


//if character passed is '3', move cursor to wind speed output area


//if character passed is '4', move cursor to temperature output area


//if any other character is passed, move cursor below weather display outputs


if (i == 1) //clear screen


{



unsigned char clearScreen[4], x, dummy;



clearScreen[0] = 0x1b;
//esc[2J



clearScreen[1] = 0x5b;



clearScreen[2] = 0x32;



clearScreen[3] = 0x4a;



clearScreen[4] = 0x04;



x = 0;



while(x < 4)



{




dummy = clearScreen[x];




OutChar(dummy);




x++;



}


}


else if (i == 2) //wind direction


{



unsigned char wDirection[7], x, dummy;



wDirection[0] = 0x1b;
//esc[3;34H



wDirection[1] = 0x5b;



wDirection[2] = 0x33;



wDirection[3] = 0x3b;



wDirection[4] = 0x33;



wDirection[5] = 0x34;



wDirection[6] = 0x48;



wDirection[7] = 0x04;



x = 0;



while(x < 7)



{




dummy = wDirection[x];




OutChar(dummy);




x++;



}


}


else if (i == 3) //wind speed


{



unsigned char wSpeed[7], x, dummy;



wSpeed[0] = 0x1b;
//esc[5;29H



wSpeed[1] = 0x5b;



wSpeed[2] = 0x35;



wSpeed[3] = 0x3b;



wSpeed[4] = 0x32;



wSpeed[5] = 0x39;



wSpeed[6] = 0x48;



wSpeed[7] = 0x04;



x = 0;



while(x < 7)



{




dummy = wSpeed[x];




OutChar(dummy);




x++;



}


}


else if (i  == 4)
//temperature


{



unsigned char temp[7], x, dummy;



temp[0] = 0x1b;

//esc[7;29H



temp[1] = 0x5b;



temp[2] = 0x37;



temp[3] = 0x3b;



temp[4] = 0x32;



temp[5] = 0x39;



temp[6] = 0x48;



temp[7] = 0x04;



x = 0;



while(x < 7)



{




dummy = temp[x];




OutChar(dummy);




x++;



}


}


else
//test area on screen (below weather outputs)


{



unsigned char test[7], x, dummy;



test[0] = 0x1b;

//esc[15;2H



test[1] = 0x5b;



test[2] = 0x31;



test[3] = 0x35;



test[4] = 0x3b;



test[5] = 0x32;



test[6] = 0x48;



test[7] = 0x04;



x = 0;



while(x < 7)



{




dummy = test[x];




OutChar(dummy);




x++;



}


}

}

/*******************************************************

Name: DispWeather

Purpose: - Display weather readings on CRT Screen 

Inputs: none

Outputs: none

********************************************************/

void DispWeather(void)

{


int wSpeed, wDirection, temperature, temp;


while(1)


{



asm ("sei");



wSpeed = (Wind_speed * 70) / 255;



temp = (Wind_direction * 90);



wDirection = (temp / 255) * 4;
//NB: Using (Wind_direction*360)/255 will not work











//
  because it will turn out to be more than 65000











//
  which is the (max # int can hold)



temperature = (Temperature * 100) / 255;



Wait(&displayFree);



EscapeSequence(2);



OutUDec(wDirection);



OutString(" Degrees   ");



EscapeSequence(3);



OutUDec(wSpeed);



OutString(" m/s   ");



EscapeSequence(4);



OutUDec(temperature);



OutString(" d Farenheit   ");



Signal(&displayFree);



asm("cli");


}

}

/*******************************************************

Name: OutWindDir

Purpose: - Light Up LED corresponding to current wind direction

Inputs: none

Outputs: none

********************************************************/

void DispWindDir(void)

{


//myId=RunPt->Id;

//debugger


while(1)


{



if (Wind_speed <= 3) //if less than 1 m/s, output no wind



{




PORTA = 0x80;




PORTD = (PORTD & 0xC3);  



}



else if ((Wind_direction >= 0)&&(Wind_direction<16) | (Wind_direction >= 240)&&(Wind_direction<=255))



{   




PORTA = 0x40;




PORTD = (PORTD & 0xC3); 



}



else if ((Wind_direction >= 16)&&(Wind_direction<48))



{   




PORTA = 0x20;




PORTD = (PORTD & 0xC3); 



}



else if ((Wind_direction >= 48)&&(Wind_direction<80))



{   




PORTA = 0x10;




PORTD = (PORTD & 0xC3); 



}



else if ((Wind_direction >= 80)&&(Wind_direction<112))



{   




PORTA = 0x08;




PORTD = (PORTD & 0xC3); 



}



else if ((Wind_direction >= 112)&&(Wind_direction<144))



{   




PORTA = 0x00;




PORTD = (PORTD | 0x20);




PORTD = (PORTD & 0xE3);



}



else if ((Wind_direction >= 144)&&(Wind_direction<176))



{   




PORTA = 0x00;




PORTD = (PORTD | 0x10);




PORTD = (PORTD & 0xD3);



}



else if ((Wind_direction >= 176)&&(Wind_direction<208))



{   




PORTA = 0x00;




PORTD = (PORTD | 0x08);




PORTD = (PORTD & 0xCB);
   



}



else if ((Wind_direction >= 208)&&(Wind_direction<=240))



{   




PORTB = 0x00;




PORTD = (PORTD | 0x04);




PORTD = (PORTD & 0xC7);




}


}

}

/*

- weather-threads.c

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

/*******************************************************

Name: TCB (Thread Control Block)...

Purpose: - data structure for TCB

********************************************************/

struct
TCB

{   


struct TCB *Next;      /* Link to Next TCB */


unsigned char *SP;     /* Stack Pointer  */


unsigned char Id;      /* 1,2 or 4 */


unsigned char MoreStack[stacksize];  /* additional stack */


unsigned char CCR;     /* Initial CCR */


unsigned char RegB;    /* Initial RegB */


unsigned char RegA;    /* Initial RegA */


unsigned int RegX;     /* Initial RegX */


unsigned int RegY;     /* Initial RegY */


void (*PC)(void);      /* Initial Program Counter */

};

typedef struct TCB TCBType;

typedef TCBType * TCBPtr;

TCBPtr RunPt;   /* Pointer to thread currently running */

/*******************************************************

Name: Threads 1 & 2

Purpose: - create structure and initialize theads 1 & 2

********************************************************/

//Thread 1 will run the DispWeather program

//Thread 2 will run the DispWindDir program

TCBType sys[2]=

{

  {  


 &sys[1],






/* Pointer to Next */


 &sys[0].MoreStack[stacksize-1],
/* Initial SP */


 1,








/* Id */


 { 0},


 0x40,0,0,0,0,





/* CCR,B,A,X,Y */


 DispWeather,






/* Initial PC */

  },

  {  


 &sys[0],






/* Pointer to Next */


 &sys[1].MoreStack[stacksize-1],
/* Initial SP */


 2,








/* Id */


 { 0},


 0x40,0,0,0,0,





/* CCR,B,A,X,Y */


 DispWindDir,






/* Initial PC */

  }

};

/*

- weather-spin.c (spinlock semaphores)

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

void Wait(int *semaphore)

{


asm(" sei");  /* Test and set is atomic */


while((*semaphore)<=0)
/* disabled */


{      

         asm(" cli\n"

/* disabled */



     " nop\n"

/* enabled  */

             " sei");

/* enabled  */


}           


(*semaphore)--;


/* disabled */

    asm(" cli");


/* disabled */

}






/* enabled  */

void Signal(int *semaphore)

{


asm(" sei");  /* increment is atomic */


(*semaphore)++;


asm(" cli");

}

/*

- weather-sci.c

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

/*-----------------------InChar----------------------------

  Input one character from SCI terminal

  Inputs: none    Outputs: ASCII character 

-----------------------------------------------------------*/

char InChar(void)

{


while ((SCSR & RDRF) == 0){};


return(SCDR);

}

/*-----------------------OutChar----------------------------

  Output one character to SCI terminal

  Inputs: ASCII character    Outputs: none

-----------------------------------------------------------*/

void OutChar(char data)

{


while ((SCSR & TDRE) == 0);


SCDR = data;

}

/*-------------------------InStatus-------------------------

   Checks if new input is ready, TRUE if new input is ready

-----------------------------------------------------------*/

unsigned char InStatus(void)


{


return(SCSR & RDRF);

}

/*-----------------------OutStatus--------------------------

  Checks if output data buffer is empty, TRUE if empty 

-----------------------------------------------------------*/

unsigned char OutStatus(void)


{


return(SCSR & TDRE);

}

/*-----------------------OutUDec----------------------------

  Output a 16 bit number in unsigned decimal format

  Variable format 1 to 5 digits with no space before or after

  This function uses recursion to convert a decimal number of 

  unspecified length as an ASCII string

-----------------------------------------------------------*/

void OutUDec(unsigned int number)

{


if (number>=10)


{



OutUDec(number/10);



OutUDec(number%10);


}


else



OutChar(number+'0');

}

/*------------------------Start of OutString---------------

   Output String (NULL termination)

-----------------------------------------------------------*/

void OutString(char *pt)

{


char letter;

    while (letter=*pt++)

       OutChar(letter);

}

EEPROM CODE
[header files] (primarily function prototypes)

· hc11.h

· weather-progs.h

· weather-sci.h

· vector.h


[main files]

· weather.c

· weather-progs.c

· weather-threads.c

· weather-sci.c

· weather-spin.c

/*

- hc11.h

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

#ifndef __HC11_H

#define __HC11_H
1

/* base address of register block, change this if you relocate the register

 * block. This is from an A8. May need to be changed for other HC11 members

 * or if you relocate the IO base address.

 */

#ifndef _IO_BASE

#define _IO_BASE
0x1000

#endif

#define PORTA
*(unsigned char volatile *)(_IO_BASE + 0x00)

#define PIOC
*(unsigned char volatile *)(_IO_BASE + 0x02)

#define PORTC
*(unsigned char volatile *)(_IO_BASE + 0x03)

#define PORTB
*(unsigned char volatile *)(_IO_BASE + 0x04)

#define PORTCL
*(unsigned char volatile *)(_IO_BASE + 0x05)

#define DDRC
*(unsigned char volatile *)(_IO_BASE + 0x07)

#define PORTD
*(unsigned char volatile *)(_IO_BASE + 0x08)

#define DDRD
*(unsigned char volatile *)(_IO_BASE + 0x09)

#define PORTE
*(unsigned char volatile *)(_IO_BASE + 0x0A)

#define CFORC
*(unsigned char volatile *)(_IO_BASE + 0x0B)

#define OC1M
*(unsigned char volatile *)(_IO_BASE + 0x0C)

#define OC1D
*(unsigned char volatile *)(_IO_BASE + 0x0D)

#define TCNT
*(unsigned short volatile *)(_IO_BASE + 0x0E)

#define TIC1
*(unsigned short volatile *)(_IO_BASE + 0x10)

#define TIC2
*(unsigned short volatile *)(_IO_BASE + 0x12)

#define TIC3
*(unsigned short volatile *)(_IO_BASE + 0x14)

#define TOC1
*(unsigned short volatile *)(_IO_BASE + 0x16)

#define TOC2
*(unsigned short volatile *)(_IO_BASE + 0x18)

#define TOC3
*(unsigned short volatile *)(_IO_BASE + 0x1A)

#define TOC4
*(unsigned short volatile *)(_IO_BASE + 0x1C)

#define TOC5
*(unsigned short volatile *)(_IO_BASE + 0x1E)

#define TCTL1
*(unsigned char volatile *)(_IO_BASE + 0x20)

#define TCTL2
*(unsigned char volatile *)(_IO_BASE + 0x21)

#define TMSK1
*(unsigned char volatile *)(_IO_BASE + 0x22)

#define TFLG1
*(unsigned char volatile *)(_IO_BASE + 0x23)

#define TMSK2
*(unsigned char volatile *)(_IO_BASE + 0x24)

#define TFLG2
*(unsigned char volatile *)(_IO_BASE + 0x25)

#define PACTL
*(unsigned char volatile *)(_IO_BASE + 0x26)

#define PACNT
*(unsigned char volatile *)(_IO_BASE + 0x27)

#define SPCR
*(unsigned char volatile *)(_IO_BASE + 0x28)

#define SPSR
*(unsigned char volatile *)(_IO_BASE + 0x29)

#define SPDR
*(unsigned char volatile *)(_IO_BASE + 0x2A)

#define BAUD
*(unsigned char volatile *)(_IO_BASE + 0x2B)

#define SCCR1
*(unsigned char volatile *)(_IO_BASE + 0x2C)

#define SCCR2
*(unsigned char volatile *)(_IO_BASE + 0x2D)

#define SCSR
*(unsigned char volatile *)(_IO_BASE + 0x2E)

#define SCDR
*(unsigned char volatile *)(_IO_BASE + 0x2F)

#define ADCTL
*(unsigned char volatile *)(_IO_BASE + 0x30)

#define ADR1
*(unsigned char volatile *)(_IO_BASE + 0x31)

#define ADR2
*(unsigned char volatile *)(_IO_BASE + 0x32)

#define ADR3
*(unsigned char volatile *)(_IO_BASE + 0x33)

#define ADR4
*(unsigned char volatile *)(_IO_BASE + 0x34)

#define OPTION
*(unsigned char volatile *)(_IO_BASE + 0x39)

#define COPRST
*(unsigned char volatile *)(_IO_BASE + 0x3A)

#define PPROG
*(unsigned char volatile *)(_IO_BASE + 0x3B)

#define HPRIO
*(unsigned char volatile *)(_IO_BASE + 0x3C)

#define INIT
*(unsigned char volatile *)(_IO_BASE + 0x3D)

#define TEST1
*(unsigned char volatile *)(_IO_BASE + 0x3E)

#define CONFIG
*(unsigned char volatile *)(_IO_BASE + 0x3F)

/* These values are for a 8Mhz clock

 * 0x3? set the SCP1|SCP0 to 0x3

 */

typedef enum

{


BAUD9600 = 0x30, BAUD4800 = 0x31, BAUD2400 = 0x32, 


BAUD1200 = 0x33, BAUD600 = 0x34, BAUD300 = 0x35

} BaudRate;

void setbaud(BaudRate);

#ifndef INTR_ON

#define INTR_ON()
asm("
cli")

#define INTR_OFF()
asm("
sei")

#define END_PROG()
asm("
swi")

#endif

#ifndef bit

#define bit(x)
(1 << (x))

#endif

#ifndef _SCI

/* SCI bits */

#define RDRF
bit(5)

#define TDRE
bit(7)

#define T8

bit(6)

#define R8

bit(7)

#endif

#endif

/*

- vectors.c

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

//To use interrupts from EEPROM, just declare you interrupt function

//with extern below - [e.g extern void TOC1_handler()]

//then replace _start with your function name [e.g. TOC1_handler]

//NB: dont forget to change _start to DUMMY_ENTRY except for RESET

extern void _start();
/* entry point in crt11.s */

extern void ThreadSwitcher();

extern void AtoD();

#define DUMMY_ENTRY
(void (*)())0xF000

#pragma abs_address:0xffd6 //start address for vectors  [use 0xffce - for hc12]

void (*interrupt_vectors[])() =

{


//all interrupts reset the processor, which is probably not what you want


//to change this, replace all except occurences of _start with DUMMY_ENTRY (defined above)


//except the last one (i.e. RESET)


_start,
/* SCI */


_start,
/* SPI */


_start,
/* PAIE */


_start,
/* PAO */


_start,
/* TOF */


_start,
/* TOC5 */


_start,
/* TOC4 */


_start,
/* TOC3 */


AtoD,
/* TOC2 */


ThreadSwitcher,
/* TOC1 */


_start,
/* TIC3 */


_start,
/* TIC2 */


_start,
/* TIC1 */


_start,
/* RTI */


_start,
/* IRQ */


_start,
/* XIRQ */


_start,
/* SWI */


_start,
/* ILLOP */


_start,
/* COP */


_start,
/* CLM */


_start
/* RESET */

};

#pragma end_abs_address

/*

- weather-progs.h

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

void EscapeSequence(char);

void DispWeather(void);

void DispWindDir(void);

/*

- weather-sci.h

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

char InChar(void);

void OutChar(char);

unsigned char InStatus(void);


unsigned char OutStatus(void);

void OutUDec(unsigned int);

void OutString(char *);

/*

- weather.c

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

#include "hc11.h"

#include "vectors.c"

#include "weather-sci.h"

#include "weather-progs.h"

#define stacksize 150

#define switchtime 40000

#define readtime 50000

int Wind_speed, Wind_direction, Temperature;

char count;

int displayFree;

//==========[.c file includes]=========================

#include "weather-spin.c"

//semaphore file

#include "weather-threads.c"
//thread structure file

#include "weather-sci.c"

//SCI file

#include "weather-progs.c"

//programs file

//=====================================================

/*******************************************************

Name: ThreadSwitcher

Purpose: - Switch threads in a round-robin manner

Inputs: none

Outputs: none

********************************************************/

#pragma interrupt_handler ThreadSwitcher()

void ThreadSwitcher()

{


//OutString("switch...");
//debugger


INTR_OFF(); 

  //disable interrupts


count


asm(" ldx _RunPt\n"



" sts 2,x");


RunPt = RunPt->Next;


asm(" ldx _RunPt\n"



" lds 2,x");


TOC1 = TCNT + switchtime;
//Reschedule Thread Swithcher(e.g. will run for 10ms if switchtime is 20000)


TFLG1 = 0x80;


INTR_ON();   

   //enable interrupts 

}

/*******************************************************

Name: AtoD

Purpose: - To read in Voltages of weather signals and 

store them in global variables.

Inputs: none

Outputs: none

********************************************************/

#pragma interrupt_handler AtoD()

void AtoD(void)

{


INTR_OFF(); 

  //disable interrupts


count = count + 1;


if (count == 4)


{



Wind_speed = ADR1;



Wind_direction = ADR2;



Temperature = ADR3;



count = 0;


}


TOC2 = TCNT + readtime;  


TFLG1 = 0x40;


INTR_ON();   

   //enable interrupts 

}

/*******************************************************

Name: Main

Purpose: - Initialize weather station



 - Hand control over to Thread Switcher ISR

Inputs: none

Outputs: none

********************************************************/

main()

{


unsigned char i, dummy;


int temp;


INTR_OFF();




//disable interrupts


//init vars


Wind_speed=0;


Wind_direction=0;


Temperature=0;


count = 0;


EscapeSequence(1);


OutString(".:[ WEATHER STATION ]:.\n\r");


OutString("=======================\n\r\n\r");


//I/O config...


OutString("Initializing I/O...\n\r");


SCCR1=0;


SCCR2=0x0c;




//enable SCI


setbaud(BAUD9600);


//set baud rate to 9600


PORTA = 0;



DDRD = 0x3C;


PACTL = 0x88;


//OC1, OC2 config...


OutString("Initializing OCn Interrupts...\n\r");


/* no need for this code when using EEPROM


TOC1vector = &ThreadSwitcher;


TOC2vector = &AtoD;


*/


TMSK1 = 0xC0;


TFLG1 = 0xC0;


TOC1 = TCNT + (65000);


TOC2 = TCNT + 40000;


//A/D Initialization...


OutString("Initializing A/D...\n\r");


OPTION = (OPTION | 0xC0);
//Power up A/D, set csel


for (i=0; i<200; i++)

//Delay 100 us



dummy = i;


ADCTL = 0x30;  //set scan =1, mult=1, and cd=0, cc=0


//Thread & Semaphore config...


OutString("Initializing Threads & Semaphore...\n\r");


displayFree = 1;


RunPt=&sys[0];



//Specify first thread to run


asm("  ldx _RunPt\n"



"  lds 2,x\n");


OutString("\n\r::[System Initialization Complete]::\n\r\n\r");


for(temp=0; temp<60000; temp++)
//delay (so above initialization messages can be seen)



temp++;


for(temp=0; temp<60000; temp++)
//delay (so above initialization messages can be seen)



temp++;


EscapeSequence(1);


//clears screen


//Display weather station readings


OutString("WELCOME TO WEATHER STATION...\n\r\n\r");


OutString("The Current Wind Direction is: \n\r\n\r");


OutString("The Current Wind Speed is: \n\r\n\r");


OutString("The Current Temperature is: ");


INTR_ON();




//enable interrupts


asm("rti");

}

/*

- weather-progs.c

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

/*******************************************************

Name: Escape Sequences 

Purpose: - Move cursor to a specific area on CRT display

Inputs: Any character

Outputs: none

********************************************************/

void EscapeSequence(char i)

{


//if character passed is '1', clear screen


//if character passed is '2', move cursor to wind direction output area


//if character passed is '3', move cursor to wind speed output area


//if character passed is '4', move cursor to temperature output area


//if any other character is passed, move cursor below weather display outputs


if (i == 1) //clear screen


{



unsigned char clearScreen[4], x, dummy;



clearScreen[0] = 0x1b;
//esc[2J



clearScreen[1] = 0x5b;



clearScreen[2] = 0x32;



clearScreen[3] = 0x4a;



clearScreen[4] = 0x04;



x = 0;



while(x < 4)



{




dummy = clearScreen[x];




OutChar(dummy);




x++;



}


}


else if (i == 2) //wind direction


{



unsigned char wDirection[7], x, dummy;



wDirection[0] = 0x1b;
//esc[3;34H



wDirection[1] = 0x5b;



wDirection[2] = 0x33;



wDirection[3] = 0x3b;



wDirection[4] = 0x33;



wDirection[5] = 0x34;



wDirection[6] = 0x48;



wDirection[7] = 0x04;



x = 0;



while(x < 7)



{




dummy = wDirection[x];




OutChar(dummy);




x++;



}


}


else if (i == 3) //wind speed


{



unsigned char wSpeed[7], x, dummy;



wSpeed[0] = 0x1b;
//esc[5;29H



wSpeed[1] = 0x5b;



wSpeed[2] = 0x35;



wSpeed[3] = 0x3b;



wSpeed[4] = 0x32;



wSpeed[5] = 0x39;



wSpeed[6] = 0x48;



wSpeed[7] = 0x04;



x = 0;



while(x < 7)



{




dummy = wSpeed[x];




OutChar(dummy);




x++;



}


}


else if (i  == 4)
//temperature


{



unsigned char temp[7], x, dummy;



temp[0] = 0x1b;

//esc[7;29H



temp[1] = 0x5b;



temp[2] = 0x37;



temp[3] = 0x3b;



temp[4] = 0x32;



temp[5] = 0x39;



temp[6] = 0x48;



temp[7] = 0x04;



x = 0;



while(x < 7)



{




dummy = temp[x];




OutChar(dummy);




x++;



}


}


else
//test area on screen (below weather outputs)


{



unsigned char test[7], x, dummy;



test[0] = 0x1b;

//esc[15;2H



test[1] = 0x5b;



test[2] = 0x31;



test[3] = 0x35;



test[4] = 0x3b;



test[5] = 0x32;



test[6] = 0x48;



test[7] = 0x04;



x = 0;



while(x < 7)



{




dummy = test[x];




OutChar(dummy);




x++;



}


}

}

/*******************************************************

Name: DispWeather

Purpose: - Display weather readings on CRT Screen 

Inputs: none

Outputs: none

********************************************************/

void DispWeather(void)

{


int wSpeed, wDirection, temperature, temp;


while(1)


{



asm ("sei");



wSpeed = (Wind_speed * 70) / 255;



temp = (Wind_direction * 90);



wDirection = (temp / 255) * 4;
//NB: Using (Wind_direction*360)/255 will not work











//
  because it will turn out to be more than 65000











//
  which is the (max # int can hold)



temperature = (Temperature * 100) / 255;



Wait(&displayFree);



EscapeSequence(2);



OutUDec(wDirection);



OutString(" Degrees   ");



EscapeSequence(3);



OutUDec(wSpeed);



OutString(" m/s   ");



EscapeSequence(4);



OutUDec(temperature);



OutString(" d Farenheit   ");



Signal(&displayFree);



asm("cli");


}

}

/*******************************************************

Name: OutWindDir

Purpose: - Light Up LED corresponding to current wind direction

Inputs: none

Outputs: none

********************************************************/

void DispWindDir(void)

{


//myId=RunPt->Id;

//debugger


while(1)


{



if (Wind_speed <= 3) //if less than 1 m/s, output no wind



{




PORTA = 0x80;




PORTD = (PORTD & 0xC3);  



}



else if ((Wind_direction >= 0)&&(Wind_direction<16) | (Wind_direction >= 240)&&(Wind_direction<=255))



{   




PORTA = 0x40;




PORTD = (PORTD & 0xC3); 



}



else if ((Wind_direction >= 16)&&(Wind_direction<48))



{   




PORTA = 0x20;




PORTD = (PORTD & 0xC3); 



}



else if ((Wind_direction >= 48)&&(Wind_direction<80))



{   




PORTA = 0x10;




PORTD = (PORTD & 0xC3); 



}



else if ((Wind_direction >= 80)&&(Wind_direction<112))



{   




PORTA = 0x08;




PORTD = (PORTD & 0xC3); 



}



else if ((Wind_direction >= 112)&&(Wind_direction<144))



{   




PORTA = 0x00;




PORTD = (PORTD | 0x20);




PORTD = (PORTD & 0xE3);



}



else if ((Wind_direction >= 144)&&(Wind_direction<176))



{   




PORTA = 0x00;




PORTD = (PORTD | 0x10);




PORTD = (PORTD & 0xD3);



}



else if ((Wind_direction >= 176)&&(Wind_direction<208))



{   




PORTA = 0x00;




PORTD = (PORTD | 0x08);




PORTD = (PORTD & 0xCB);
   



}



else if ((Wind_direction >= 208)&&(Wind_direction<=240))



{   




PORTB = 0x00;




PORTD = (PORTD | 0x04);




PORTD = (PORTD & 0xC7);




}


}

}

/*

- weather-threads.c

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

/*******************************************************

Name: TCB (Thread Control Block)...

Purpose: - data structure for TCB

********************************************************/

struct
TCB

{   


struct TCB *Next;      /* Link to Next TCB */


unsigned char *SP;     /* Stack Pointer  */


unsigned char Id;      /* 1,2 or 4 */


unsigned char MoreStack[stacksize];  /* additional stack */


unsigned char CCR;     /* Initial CCR */


unsigned char RegB;    /* Initial RegB */


unsigned char RegA;    /* Initial RegA */


unsigned int RegX;     /* Initial RegX */


unsigned int RegY;     /* Initial RegY */


void (*PC)(void);      /* Initial Program Counter */

};

typedef struct TCB TCBType;

typedef TCBType * TCBPtr;

TCBPtr RunPt;   /* Pointer to thread currently running */

/*******************************************************

Name: Threads 1 & 2

Purpose: - create structure and initialize theads 1 & 2

********************************************************/

//Thread 1 will run the DispWeather program

//Thread 2 will run the DispWindDir program

TCBType sys[2]=

{

  {  


 &sys[1],






/* Pointer to Next */


 &sys[0].MoreStack[stacksize-1],
/* Initial SP */


 1,








/* Id */


 { 0},


 0x40,0,0,0,0,





/* CCR,B,A,X,Y */


 DispWeather,






/* Initial PC */

  },

  {  


 &sys[0],






/* Pointer to Next */


 &sys[1].MoreStack[stacksize-1],
/* Initial SP */


 2,








/* Id */


 { 0},


 0x40,0,0,0,0,





/* CCR,B,A,X,Y */


 DispWindDir,






/* Initial PC */

  }

};

/*

- weather-spin.c (spinlock semaphores)

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

void Wait(int *semaphore)

{


asm(" sei");  /* Test and set is atomic */


while((*semaphore)<=0)
/* disabled */


{      

         asm(" cli\n"

/* disabled */



     " nop\n"

/* enabled  */

             " sei");

/* enabled  */


}           


(*semaphore)--;


/* disabled */

    asm(" cli");


/* disabled */

}






/* enabled  */

void Signal(int *semaphore)

{


asm(" sei");  /* increment is atomic */


(*semaphore)++;


asm(" cli");

}

/*

- weather-sci.c

- Olamide Adabonyan / Philip Lechowicz

- o_mide@yahoo.com / phillech@aol.com

*/

/*-----------------------InChar----------------------------

  Input one character from SCI terminal

  Inputs: none    Outputs: ASCII character 

-----------------------------------------------------------*/

char InChar(void)

{


while ((SCSR & RDRF) == 0){};


return(SCDR);

}

/*-----------------------OutChar----------------------------

  Output one character to SCI terminal

  Inputs: ASCII character    Outputs: none

-----------------------------------------------------------*/

void OutChar(char data)

{


while ((SCSR & TDRE) == 0);


SCDR = data;

}

/*-------------------------InStatus-------------------------

   Checks if new input is ready, TRUE if new input is ready

-----------------------------------------------------------*/

unsigned char InStatus(void)


{


return(SCSR & RDRF);

}

/*-----------------------OutStatus--------------------------

  Checks if output data buffer is empty, TRUE if empty 

-----------------------------------------------------------*/

unsigned char OutStatus(void)


{


return(SCSR & TDRE);

}

/*-----------------------OutUDec----------------------------

  Output a 16 bit number in unsigned decimal format

  Variable format 1 to 5 digits with no space before or after

  This function uses recursion to convert a decimal number of 

  unspecified length as an ASCII string

-----------------------------------------------------------*/

void OutUDec(unsigned int number)

{


if (number>=10)


{



OutUDec(number/10);



OutUDec(number%10);


}


else



OutChar(number+'0');

}

/*------------------------Start of OutString---------------

   Output String (NULL termination)

-----------------------------------------------------------*/

void OutString(char *pt)

{


char letter;

    while (letter=*pt++)

       OutChar(letter);

}
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Is thread 1 running?�

Set thread 1 to run�

Set thread 2 to run�
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YES�

NO�

START�

END�

Disable Interrupts�

Enable Interrupts�

- Main is first ran
- Main then sets up OC1 and OC2 
- Thread Switcher and AtoD use OC1 and OC2
- Thread Switcher keeps switching between task1
   and task 2 every 20ms
- AtoD read the values of weather every 100ms�

�

AtoD�

- Read ADR1 for Temperature
- Read ADR2 for Wind Speed
- Read ADR1 for Wind Direction�

(System Initialization)�

(OC1 ISR)�

(OC2 ISR)�


