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4.2

 1 

.

 1- 

RS232 3232 Vcc +3,3V -
IR TSOP34836 Vcc +3,3V -

Vdd +3,3 VSB -
Power-ON Control 107 PC_ON - -
Power Domain Control PCA9551 Vcc +3,3V 1100100b
Data Memory 24AA256 Vcc +3,3V 1010000b

EEPROM 1010111bRTCC
SRAM

MCP79410 Vdd +3,3 VSB
1101111b

LED Control 1 PCA9551 Vled +3,3V 1100000b
LED Control 2 PCA9551 Vled +3,3V 1100001b
PIR PCA9551 Vsens +3,3V 1100011b

PCA9551 Vkb +3,3V 1100010b
 LM335 Vtemp +5V -

Vsense +3,3V -
MSP430G2553 Vdd +3,3 VSB Master

 I2C

.

 2 

.

 2 - 

MCLK 8 MHz - CPU; SMCLK
SMCLK 8 MHz /1 I2C; UART; Timer0;
SCL (I2C) 100 kHz /80 PCA9551; 24AA256; MCP79410
Timer0 Clock 4 MHz /2 LED_Drivers
UART 9600 bps /833 RS232
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5.2

. 

.

.

 4  -

, , 

.

 4  3  - 

, ,

.

5.2.1  (UART)

.

#include "msp430g2553.h"

const char string1[] = { "Welcome to ALIS\r\n" };
unsigned int i;

void main(void)
{

WDTCTL = WDTPW + WDTHOLD; // Stop WDT

P1DIR |= (BIT0|BIT5); // Set the LEDs as outputs
P1OUT = 0x01;

BCSCTL1 = CALBC1_8MHZ; // Set DCO
DCOCTL = CALDCO_8MHZ;
P1SEL = BIT1 + BIT2; // P1.1 = RXD, P1.2=TXD
P1SEL2 = BIT1 + BIT2; // P1.1 = RXD, P1.2=TXD
UCA0CTL1 |= UCSSEL_2; // SMCLK
UCA0BR0 = 56; // 8MHz/9600 = 833
UCA0BR1 = 3; //
UCA0MCTL = UCBRS1; // Modulation UCBRSx = 2
UCA0CTL1 &= ~UCSWRST; // Initialize USCI state machine
IE2 |= UCA0RXIE; // Enable USCI_A0 RX interrupt

__bis_SR_register(LPM0_bits + GIE); // Enter LPM0, interrupts enabled
}

#pragma vector=USCIAB0TX_VECTOR
__interrupt void USCI0TX_ISR(void)
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{
if (IE2&UCA0TXIFG) //Check if the IRQ is from UART
{
  UCA0TXBUF = string1[i++]; // TX next character

if (i == sizeof string1 - 1) // TX over?
    IE2 &= ~UCA0TXIE; // Disable USCI_A0 TX

interrupt
}

}

#pragma vector=USCIAB0RX_VECTOR
__interrupt void USCI0RX_ISR(void)
{

if (UCA0RXBUF == 'e') // ' ' received?
  {
    i = 0;
    IE2 |= UCA0TXIE; // Enable USCI_A0 TX interrupt
    UCA0TXBUF = string1[i++];
  }

if (UCA0RXBUF == 'R')
{

P1OUT |= BIT0; // Turn on P1.0 red LED when R is received
}
else if (UCA0RXBUF == 'r')
{

P1OUT &= ~BIT0; // Turn off P1.0 red LED when r is received
}
if (UCA0RXBUF == 'G')
{

P1OUT |= BIT5; // Turn on P1.6 green LED when G is received
}
else if (UCA0RXBUF == 'g')
{

P1OUT &= ~BIT5; // Turn off P1.6 green LED when g is received
}

}

 - 

.

5.2.2  (I2C)

 I2C 

.  5 

 PCA9551 (GPIO),  MCP79410 (RTCC) 

 24AA256 ( ). 

 - . 
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 (i2c_tx()),

 (  0 50).

 (9 )

#include "msp430g2553.h"

unsigned char txdata[16] = {0x05, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00}; //Transmit placeholder"
unsigned char rxdata[14]= {0xCC, 0xAA, 0x00, 0xEE, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00, 0x00, 0x00, 0x00}; //Receive placeholder
unsigned char i2c_count;
unsigned char tx_counter;
unsigned char rx_counter;
unsigned char tx_rx;

void i2c_tx(int txf);
void i2c_rx(void);

void main(void)
{

WDTCTL = WDTPW + WDTHOLD; // Stop WDT
BCSCTL1 = CALBC1_8MHZ; // Set DCO
DCOCTL = CALDCO_8MHZ;

P1SEL |= BIT6 + BIT7; //Set I2C pins
P1SEL2|= BIT6 + BIT7;
UCB0CTL1 |= UCSWRST; //Enable SW reset
UCB0CTL0 = UCMST + UCMODE_3 + UCSYNC;//I2C Master, synchronous mode
UCB0CTL1 = UCSSEL_2 + UCSWRST; //Use SMCLK, keep SW reset
UCB0BR0 = 80;
//fSCL = SMCLK/12 = ~100kHz
UCB0BR1 = 0;
UCB0I2CSA = 0x60; //Slave Address
UCB0CTL1 &= ~UCSWRST; //Clear SW reset, resume operation
IE2 |= UCB0TXIE; //Enable TX interrupt
IE2 |= UCB0RXIE; //Enable RX interrupt
int i=0;

i2c_rx();
tx_rx = rxdata[0];

while (1)
{

for (i=0;i<4;i++)
{

txdata[1]=tx_rx<<2;
txdata[1] |= BIT0;
i2c_tx(0);
__delay_cycles(200000);
tx_rx=txdata[1];

}
for (i=4;i>0;i--)
{

txdata[1]=tx_rx<<2;
txdata[1] &= ~BIT0;
i2c_tx(0);
__delay_cycles(200000);



31

tx_rx=txdata[1];
}

}

}

void i2c_tx(int txf)
{

//Prepare counters
if (txdata[0]==0x50) //for R/W to D_MR it should send 2 bytes addr.
{

if (txf==0) //if the function is needed to write information
{

i2c_count=16; // prepare entire set of data to save
}
else //if the function is needed to read information
{

i2c_count=2;
}

}
else //for r/w to PCA9551 and RTCC (MCP79410) just 1 addres byte
{

if (txf==0) //if the function is needed to write information
{

i2c_count=2;
}
else //if the function is needed to read information
{

i2c_count=1;
}

}

tx_counter = i2c_count; // Load TX byte counter
UCB0CTL1 |= UCTR + UCTXSTT; // I2C TX, start condition
__bis_SR_register(CPUOFF + GIE); // Enter LPM0 w/ interrupts

// Remain in LPM0 until all data is TX d
}

void i2c_rx(void)
{

i2c_tx(1);

if (txdata[0]==0x50) //for read from the data memory it should
receive 14 byte addres

{
i2c_count=14;

}
else //for read from PCA9551 and RTCC (MCP79410) just 1 data byte
{

i2c_count=1;
}

rx_counter = i2c_count; // Load RX byte counter
UCB0CTL1 &= ~UCTR; // I2C RX
UCB0CTL1 |= UCTXSTT; // I2C start condition
__bis_SR_register(CPUOFF + GIE); // Enter LPM0 w/ interrupts

// Remain in LPM0 until all data is RX'd
}

#pragma vector=USCIAB0TX_VECTOR
__interrupt void USCI0TX_ISR(void)
{
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if (IFG2&UCB0TXIFG) //(tx_rx == 0)
{

if (tx_counter > 0) //Check TX byte counter
{

UCB0TXBUF = txdata[i2c_count - tx_counter];
// Load TX buffer

tx_counter--;
//Decrement TX byte counter

}
else if(tx_counter == 0)
{

UCB0CTL1 |= UCTXSTP; //I2C stop condition
while (UCB0CTL1 & UCTXSTP); //Ensure stop condition sent
IFG2 &= ~UCB0TXIFG;

//Clear USCI_B0 TX int flag
__bic_SR_register_on_exit(CPUOFF); //Exit LPM0

}
}
else if(IFG2&UCB0RXIFG)
{

if (rx_counter > 0) //Check RX byte counter
{

rxdata[i2c_count - rx_counter] = UCB0RXBUF;
rx_counter--; //Decrement RX byte counter

}
else if(rx_counter == 0)
{

UCB0CTL1 |= UCTXSTP; // I2C stop condition
while (UCB0CTL1 & UCTXSTP); // Ensure stop condition sent
rxdata[i2c_count - rx_counter] = UCB0RXBUF;
rxdata[i2c_count - rx_counter] = UCB0RXBUF;
IFG2 &= ~UCB0RXIFG;// Clear USCI_B0 RX int flag
__bic_SR_register_on_exit(CPUOFF); // Exit LPM0

}
}

}

 4 

 PCA9551.

, 

.

5.2.3  (Timer0_A3)

.

#include "msp430g2553.h"

//Pin Definitions
#define ASTOP BIT6 //Output ASTOP P1.0
#define     BTN BIT3 //BTN Input P1.2
#define     RED_LED BIT0 //Output A P1.3



33

#define     GRN_LED BIT4 //Output B P1.4
#define     BLU_LED BIT5 //Output B P1.4

// Variable definitions
int automode=0; //The automode flag;
int temp=0; //Temperature data;
int lux=0; //Lux sensor data;
int pir=0; //PIR sensor data;
int mode=0; //selected mode;
int red=0; //Red color length
int grn=0; //Red color length
int blu=0; //Red color length
int buton=0; //buton mode TBR
int array[4];
int flag=0;

void Preconfiguration (void); //Initial configuration
//void CompIF (void); //This function organize the
communication with PC
void Night_Light (void); //Night Light mode
void Office_Light (void); //Office light mode
void Rest_Light (void); //Rest light mode
void Off_light (void); //Switch-off light mode
void sensdata (void); //this function checks sensors
void Brain (void); //This function analize sensors
data and selects mode
void LED_Driver (void); //This function controls the LEDs

void main (void)
{

Preconfiguration ();
while (1) //infinity loop; The work is via interrupts
{

//CompIF ();
Brain ();
LED_Driver ();

}
}

void Brain (void)
{

if (automode==1)
{

sensdata ();
}
switch (mode)

      {
case 1 : Off_light(); break;
case 2 : Night_Light(); break;
case 3 : Rest_Light(); break;
default : Office_Light(); break;

      }
    P1OUT &= ~ASTOP;
    buton=0;
}

void LED_Driver (void)
{

//Prepire Timer A
TACTL |= TACLR; //Resets TA.
TACCTL0 &= ~CCIFG; //Clear Interrupt Flag
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TACCTL0 |= CCIE; //CCR0 interrupt enabled
TACTL = TASSEL_2 + ID_1; //SMCLK/2, 4MHz

//Prepare variables
array[0] = red;
array[1] = grn;
array[2] = blu;
array[3] = 256;
int i,j;

for(i=0;i<4;i++)
    {

for(j=0;j<i;j++)
        {

if(array[i]<array[j])
            {

int test=array[i]; //swap
                array[i]=array[j];
                array[j]=test;
            }

        }

    }
    flag=0;

while (array[flag]==0) //eliminate the zero values
    {
     flag++;

if (flag==3) //can't find nonzero value
     {

P1OUT |= ASTOP;
flag=0;
P1OUT &= ~RED_LED + ~GRN_LED + ~BLU_LED;
break;

     }
    }

if (array[flag]>0)
    {
     TACCR0 = (array[flag]*256)-1; // define counter value

if (red>0)
     {

P1OUT |= RED_LED;
     }

if (blu>0)
     {

P1OUT |= BLU_LED;
     }

if (grn>0)
     {

P1OUT |= GRN_LED;
     }

     TACTL |=  MC_2; //start timer Continuous mode
    }

while(buton == 0) //wait for BTN interrupt
{}
TACTL |=  MC_0; //stop timer

}

// Timer A0 interrupt service routine
#pragma vector=TIMER0_A0_VECTOR
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__interrupt void Timer_A (void)
{

if (array[flag]==red)
{

P1OUT &= ~RED_LED;
}
if (array[flag]==grn)
{

P1OUT &= ~GRN_LED;
}
if (array[flag]==blu)
{

P1OUT &= ~BLU_LED;
}

if (array[flag]==256)
{

if (red>0)
     {

P1OUT |= RED_LED;
     }

if (blu>0)
     {

P1OUT |= BLU_LED;
     }

if (grn>0)
     {

P1OUT |= GRN_LED;
     }
     flag=0;

}
else flag++;

TACCR0 = (array[flag]*256)-1; // define counter value

TACCTL0 &= ~CCIFG; //Clear Capture/compare interrupt flag
}

void Night_Light (void)
{

red=5;
grn=128;
blu=10;

}

void Office_Light (void)
{

red=256;
grn=256;
blu=256;

}

void Rest_Light (void)
{

red=128;
grn=10;
blu=5;

}

void Off_light (void)
{

red=0;
grn=0;
blu=0;
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}

void sensdata (void)
{

mode++;
if (mode>3)
{

mode=0;
}
P1OUT &= ~RED_LED + ~GRN_LED + ~BLU_LED;

}

void Preconfiguration (void)
{

WDTCTL = WDTPW + WDTHOLD; // Stop WDT

    /* Use calibration values to set digitally controlled oscillator
     * to 8 MHz, and set the submain clock to the same
     */
    BCSCTL1 = CALBC1_8MHZ;
    DCOCTL = CALDCO_8MHZ;
    BCSCTL2 &= ~(DIVS_3); //SMCLK devider cleared (goes from "/8" to "/1")

//Define port directions
    P1DIR |= ASTOP + RED_LED + GRN_LED + BLU_LED; //Defines outputs
    P1OUT = 0x00; //define output value
    _BIS_SR(GIE); //Enable interrupts

//Set Port1 for Buton IRQ
P1IES |= BTN; // P1.2 Hi/lo edge
P1IFG &= ~BTN; // P1.2 IFG cleared
P1IE |= BTN; // P1.2 interrupt enabled

}

#pragma vector=PORT1_VECTOR
__interrupt void Port_1(void)
{

CCTL0 &= ~CCIE; // CCR0 interrupt disabled
P1IE &= ~BTN; // P1.2 interrupt disabled
TACTL |=  MC_0; //stop timer
buton = 1; //Change the working mode
sensdata(); //Check sensors (change mode)
P1IFG &= ~BTN; // P1.3 IFG cleared
P1IE |= BTN; // P1.2 interrupt enabled

}

, :

 - ,

 4 . 

sensdata () - .
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,  Brain(),

. .

 LED_Driver () 

.

.
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5.3

:

 I2C 

 txdata[0:1] 

.

 I2C 

 (  i2c_tx(int txf)), 

 0: i2c_tx(0). 

 ( ).

,

, 

.

 PCA9551  2

. 

, .

, 

. 

.   

LED[7:4]  PCA9551  0 64.
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5.4

5.4.1 :

:

Baud Rate : 9600

Stop bit: 1

Parity: none

Hardware flow control: none

5.4.2

:

 ( ) - ASSCII: B

 ( ) - ASCII: E

 - ASCII: G

 - ASCII: S

 - ASCII: F

 - ASCII: 
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6

6.1

 -

.

!
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6.2

6.2.1 :

 18 

"

 18 -  
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6.2.2 :

 19 .

 19 - 
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6.2.3 :

 20 .

 20 - 

6.3

!
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6.4

.

6.4.1

, 

.

 9,5

. 

 9 . 

, 

 1  2 .

6.4.2

.

:

 = 7; (

)

 = 3

 = 1W

 1 :

25,11
)110.(135150

112001200 cmx
RRPTT

PS
cptjcCAj

C
PC

:

SPtot=21x11,5 = 242 cm2.
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,  

.

, 

 127 cm2.

 115 cm2

.

 4 , 

.

 2 cm (

 2,5 cm, 

.)

 6 cm, 

 - 10 cm. 

, .

 4

 -  6 2,5 2 = 30 cm2.

.
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6.4.3
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8

 -  -  -  -  2001 .

Embedded Microprocessor Systems Real World Design - Stuart R. Ball - 2002

Complete PCB design using OrCAD capture and layout - Kraig Mitzner -

2007 .

MSP430G2x53, MSP430G2x13 Mixed Signal Microcontroller (Rev. H) -

http://www.ti.com/lit/gpn/msp430g2553

MSP430x2xx Family User's Guide (Rev. I) -

http://www.ti.com/litv/pdf/slau144i

I2C  - http://www.nxp.com/documents/user_manual/UM10204.pdf

http://www.ti.com/lit/gpn/msp430g2553
http://www.ti.com/litv/pdf/slau144i
http://www.nxp.com/documents/user_manual/UM10204.pdf
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.

C1,C2,C3,C4,C8,
C9,C14,C15,C19,
C20,C21  100nF / 16V 11
C5,C7,C16,C17,
C24,C25,C27,C28,
C30,C31,C33,C34,
C36,C37,C39,C40,
C42,C43,C45,C46  100uF / 16V 20
C6,C18,C26,C29,
C32,C35,C38,C41,
C44,C47  470pF / 16V 10

C10  4.7u / 6V 1

C11  27pF / 6V 1

C12  20pF / 6V 1

C13  10pF / 6V 1

C23  220u / 6V 1
D1,D2,D3,D4,D5,
D6,D7,D8,D9,D10,
D11  1N5817 11
J2,J5,J6,J7,J8,J10,
J11,J12,J13,J14,
J15  PBC TERM BLOCK DK301-4P 11

J3  PBC TERM BLOCK DK301-3P 1

J4,J9,J16  PBC TERM BLOCK DK301-9P 3

J17  PBC TERM BLOCK DK301-2P 1

L1,L2,L3,L4,L5,
L6,L7,L8,L9,L10  220uH / 1,5A 10

M1,M2,M3,M4  BS107A 4

Q1  BC107A 1

R1,R48  10 ±5%/0.25W 2

R2,R50,R91  1 ±5%/0.25W 3

R3  1.3k ±5%/0.25W 1

. ALIS 01.000.09.2012

. 

, 

. .
12.02.2013 BG 1/3
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.

R4  2k ±5%/0.25W 1
R5,R9,R11,R13,R14,
R15,R16,R17,R18,R19,
R20,R31,R32,R33,R34,
R35,R36,R37,R38,R39,
R40,R41,R42,R43,R44,
R45,R46,R92,R93,R94,
R95  3.3k ±5%/0.25W 31

R6,R47  100 ±5%/0.25W 2

R7,R26,R27,R28
,R29,R88,R90  10k ±5%/0.25W 7

R22,R49  10k ±5%/0.25W 2

R8,R21,R25  1k ±5%/0.25W 3

R10  220 ±5%/0.25W 1

R12  100k ±5%/0.25W 1

R23,R24  2.2k ±5%/0.25W 2

R51,R52,R53,R55,R56,
R57,R59,R60,R61,R63,
R64,R65,R67,R68,R69,
R71,R72,R73,R75,R76,
R77,R79,R80,R81,R83,
R84,R85  0.5 ±5%/0.25W 27
R54,R58,R62,R66,
R70,R74,R78,R82,
R86  0.16 ±5%/0.25W 9

R87  5.1k ±5%/0.25W 1

R89  30k ±5%/0.25W 1

SW1  DIP-8p 1

S1, S2  DTS63K 2

U1  MSP430G2553 1

U2  MAX3232 1
U3,U9,U20,U21,
U22,U23,U24,U25,
U26,U27  MC34063 10

.  ALIS 01.000.09.2012

. 

, 

. .
12.02.2013 BG 2/3
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.

U4,U5,U6,U15,
U18  PCA9551 5

U7,U11  LM335 2

U8  TSOP34836 1

U10,U12  74HC4051 2

U13  MCP79410 1

U14  24AA256 1

U16,U17  74HC168 2

U19  74HC02 1

X1   32.768kHz 1

. ALIS 01.000.09.2012

. 

, 

. .
12.02.2013 BG 3/3
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