CONTROLLER UNIT

4.4.1 PIC Microcontroller - PIC16F877A


The PIC microcontroller [10] is used to interface the energy measurement unit and GSM module. The PIC microcontroller used here is PIC16F877A. 

Features:

· Only 35 instructions are used.

· All are single cycle instruction except branch instruction.

·  Operating at DC – 20 MHz clock input.

· Timer-0 is an 8-bit timer/counter with 8-bit prescaler. 

· Universal Synchronous Asynchronous Receiver Transmitter (USART) with 9-bit address detection. 

· Brown - out detection circuitry for Brown-out Reset (BOR).

· 1,000,000-erase/write cycle EEPROM memory.

· Data EEPROM retention greater then 40 years.

· Power saving SLEEP mode.

4.4.1.1 Timer-0 Module


Counter mode is selected by setting bit T0CS (option reg). In counter mode, the timer- 0 will increment either on every raising or falling edge of pin RA4/T0CLK. The timer0 source edge select bit, T0SE, determines the incrementing edge. Clearing bit TOSE selects the raising edge. The prescaler is mutually exclusively shared between the timer-0 module and Watchdog timer. The prescaler value is not readable or writeable. When no prescaler is used, the external clock input is same as the prescaler output. The synchronization of T0CK1 with the internal phase clock is accomplished by sampling the prescaler output on Q2 and Q4 cycles of the internal phase clocks. Therefore it is necessary for T0CLK to be high for at least 2Tosc and low at least 2Tosc.    

4.4.1.2 Universal Synchronous Asynchronous Receiver Transmitter (USART)


The USART is two serial I/O modules. The USART can be configured as a full duplex asynchronous system that can communicate with peripheral devices or as a half duplex synchronous system in master or slave mode. Bit SPEN i.e. RCSTA and bit TRISC have to be set in order to configure pins RC6/TX/CK and RC7/RX/DT as the USART. The USART module also has a multi-processor communication capability using 9-bit address detection. The BRG support both the synchronous and asynchronous mode of the USART. It is dedicated 8-bit baud rate generator. The SPBRG register controls the period of a free running 8-bit timer. In asynchronous mode, bit BRGH controls the baud rate. In synchronous mode, bit BRGH is ignored. It is advantageous to use high baud rate for low baud clocks. 

USART in Asynchronous Mode  


In this mode the USART uses standard Non-return-to zero format. The most common data format is 8-bit. The USART transmits and receives the LSB first. The transmitter and receiver functionality are independent, but use the same data format and baud rate. This mode is selected by clearing bit SYNC (TRISA).


In transmitter the TXREG register is loaded with data. The TSR register is not loaded until the STOP bit has been transmitted from the previous load. As soon as the STOP bit is transmitted, the TSR is loaded with new data from TXREG register. Once the TXREG register transfer the data to the TSR register, the TXREG register is empty and flag bit TXIF is set. 

The interrupt can be enabled/ disabled by setting/clearing-enabled bit TXIE. Flag bit TXIF will be set, regardless of the state of enable bit TXIE and cannot be cleared in software. It will reset only when new data is loaded into the TXREG register. While flag bit TXIF indicates the status of the TXREG register, another bit TRMT shows the status of TSR register. The status bit TRMT is read only bit, which is set when the TSR register is empty. Setting enable bit TXEN enables the transmission. The actual transmission will not occur until the TXREG has been loaded with data and the baud rate generator (BRG) has produced a shift clock. First loading the TXREG register then setting enable bit TXEN can also start the transmission. 

In reception the data is received on the RC7/RX pin and drives the data recovery block. In the receiver side the data is received serially in shift register. The main block in receiver is receiver shift register (RSR). After sampling the STOP bit, the received data in the RSR is transformed to RCREG register. If the transfer of data is completed, flag bit RCIF is set. The actual interruption can be enabled / disabled by setting/clearing enable bit RCIE. RCIF register is cleared when the RCREG has been read and is empty. RCREG is a double-buffered register. It is possible for two bytes of data to be received and transferred to RCREG FIFO and then shifted to the RSR register. On the detection of the STOP bit, if the RCREG register is still full, the overrun error bit OERR will be set. The word in the RSR will be lost. Overrun bit OERR has to be cleared in the software. This is done by setting the receive logic. If the OERR is set, transfer from the RSR register to the RCREG is inhibited, and no further data will be received. It is essential to clear OERR bit if it is set. Framing error bit is set if a stop bit is detected as a clear. Bit FERR and the 9th receive bit are buffered as the same way as the receive data.

4.4.1.3 RS 232 Communication  


To allow compatibly among data communication equipment made by various manufacturers, an interfacing standard called RS232 was set by the Electronics Industries Association (EIA). It was modified and called RS232. It is most widely used for serial I/O interfacing standard. This standard is used for communicating between PIC microcontroller and GSM module. In this standard, a ‘1’ is represented by -3 to -15V, while a ‘0’ bit is +3 to +25V, making -3 to +3 undefined. For this reason, to connect any RS232 to a microcontroller system we must use voltage converter such as MAX 232 to convert the TTL logic levels to the RS232 voltage level, and vice versa.

4.4.1.3 I2C Master Mode Reception


Programming the Receive Enable bit, RCEN, enables master mode reception. The baud rate generator begins counting, and on each rollover, the state of the SCL pin changes (high to low/ low to high), and data is shifted into the SSPSR. After the falling edge of the eighth clock, the receive enable flag is automatically cleared, the contents of the SSPSR are loaded into the SSPBUF, the BF flag is set, the SSPIF is set, and the baud rate generator is suspended from counting, holding SCL low. The SSP is now in IDLE state, awaiting the next command. When the CPU reads the buffer, the BF flag is automatically cleared. The user can then send an Acknowledge bit at the end of reception, by setting the Acknowledge Sequence Enable bit, ACKEN.

BF Status Flag


In a receive operation, BF is set when an address or data byte is loaded into SSPBUF from SSPSR. It is cleared when SSPBUF is read.

SSPOV and WCOL Status Flag


In receive operation, SSPOV is set when 8 bits are received into the SSPSR, and the BF flag is already set from a previous reception. If the user writes the SSPBUF when a receive operation is already in progress, then WCOL is set and the contents of the buffer are unchanged (the write doesn’t occur).

Acknowledge Sequence Timing


Setting the Acknowledge Sequence Enable bit, ACKEN, enables an Acknowledge sequence. When this bit is set, the SCL pin is pulled low and the contents of the Acknowledge data bit is presented on the SDA pin. If the user wishes to generate an Acknowledge, the ACKDT bit should be cleared. If not, the user should set the ACKDT bit before starting an Acknowledge sequence.

The baud rate generator then counts for one rollover period (TBRG), and the SCL pin is de-asserted high. When the SCL pin is sampled high (clock arbitration) means, the baud rate generator counts for TBRG. The SCL pin is then pulled low. Following this, the ACKEN bit is automatically cleared, the baud rate generator is turned off, and the SSP module then goes into IDLE mode.

Stop Condition Timing


A STOP bit is asserted on the SDA pin at the end of receive /transmit by setting the Stop Sequence Enable bit, PEN. At the end of receive / transmit, the SCL line is held low after the falling edge of the ninth clock. When the PEN bit is set, the master will assert the SDA line low. When the SDA line is sampled low, the baud rate generator is reloaded and counts down to 0. 

When the baud rate generator times out, the SCL pin will be brought high, and one TBRG (baud rate generator rollover count) later, the SDA pin will be de-asserted. When the SDA pin is sampled high while SCL is high, the P bit is set. A TBRG later, the PEN bit is cleared and the SSPIF bit is set.

4.4.1.4 LCD Module  


The LCD used is HD44780 [9]. This used in parallel mode, which is connected to port-D for data and port-E for control signal of LCD. The HD44780U dot-matrix liquid crystal display controller and driver LSI displays alphanumeric.  It can be configured to drive a dot-matrix liquid crystal display under the control of a 4-bit or 8-bit microprocessor. Since all the functions such as display RAM, character generator, and liquid crystal driver, required for driving a dot-matrix liquid crystal display are internally provided on one chip, a minimal system can be interfaced with this controller/driver. 


A single HD44780U can display up to one 8-character line or two 8-character lines. The HD44780U is suitable for any portable battery-driven product requiring low power dissipation. The register of HD44780U has two 8-bit registers, an instruction register (IR) and a data register (DR). The IR stores instruction codes, such as display clear and cursor shift, and address information for display data RAM and character generator RAM. The IR can only be written from the MPU. The DR temporarily stores data to be written into DDRAM or CGRAM and temporarily stores data to be read from DDRAM or CGRAM.

                            Table 4.1 Register Selections

	RS
	R/W
	Operation

	0
	0
	IR writes as an internal operation (display clear, etc.)

	0
	1
	Read busy flag (DB7) and address counter (DB0 to DB6)

	1
	0
	DR writes as an internal operation (DR to DDRAM or GRAM)

	1
	1
	DR read as an internal operation (DDRAM or CGRAM to DR)


The LCD module is first set in function set for 8 X 2 lines by passing “38” control word. Then it is to be set in entry mode set by command sets cursor move direction and display shift ON/OFF. There are 4 possible functions set command 04, 05, 06, and 07. This command changes the direction the cursor moves by setting the address counter to increment or decrement. The display should be cleared by passing “01” control word. In “entry set” mode, if we set

04 - Display shift OFF and decrement counter address.  

05 – Display shift ON and decrement counter address.

06 – Display shift OFF and increment counter address.

07 – Display shift ON and increment counter address. 

To check the state of the busy flag and read the address counter 

1. Set R/W Pin of the LCD HIGH (read from the LCD) 

2. Select the instruction register by setting RS pin LOW 

3. Enable the LCD by Setting the enable pin HIGH 

4. The most significant bit of the LCD data bus is the state of the busy flag (1=Busy, 0=ready to accept instructions/data). The other bits hold the current value of the address counter.
4.4.2 ON OFF CONTROL 

 
  The proposed system aims at performing automatic switching ON/OFF operation of the street lights. Timed operations are done on the basis of programmed schedules using clock time. When the clock time matches with the preprogrammed ON time means the street lights turns ON. In the similar way when the clock time matches with the preprogrammed OFF time means the street lights turns OFF.

4.4.2.1 DS1307 - Description 

The DS1307 serial real-time clock (RTC) is a low-power, full binary-coded decimal (BCD) clock /calendar plus 56 bytes of NV SRAM. Address and data are transferred serially through an I2C, bidirectional bus. The clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of the month date is automatically adjusted for months with fewer than 31 days, including corrections for leap year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307 has a built-in power-sense circuit that detects power failures and automatically switches to the backup supply. Timekeeping operation continues while the part operates from the backup supply. Ds1307 is used for the timing operations and the NVRAM in the DS1307 is used for storing the energy meter readings.

 Features

·  RTC counts seconds, minutes, hours, date of the month, month, day of the week, and year with leap-year compensation valid up to 2100. 

· 56-byte battery-backed NV RAM for data storage. 

· 2-wire serial interface. 

· Automatic power-fail detecting and switching circuitry. 

· Consumes less than 500nA in battery-backup mode 
Detailed Description
The DS1307 [10] is a low-power clock/calendar with 56 bytes of battery-backed SRAM. The clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The date at the end of the month is automatically adjusted for months with fewer than 31 days, including corrections for leap year. The DS1307 operates as a slave device on the I2C bus. Implementing a START condition and providing a device identification code followed by a register address obtain access. Subsequent register scan be accessed sequentially until a STOP condition is executed. When VCC falls below 1.25 x VBAT, the device terminates an access in progress and resets the device address counter. When VCC falls below VBAT, the device switches into a low-current battery-backup mode. Upon power-up, the device switches from battery to VCC when VCC is greater than VBAT + 0.2V and recognizes inputs when VCC is greater than 1.25 x VBAT. 

RTC and RAM Address Map

The RTC registers are located in address locations 00h to 07h. The RAM registers are located in address locations 08h to 3Fh. During a multi byte access, when the address pointer reaches 3Fh, the end of RAM space, it wraps around to location 00h, the beginning of the clock space.

Clock and Calendar

The time and calendar information is obtained by reading the appropriate register bytes. The time and calendar are set or initialized by writing the appropriate register bytes. The contents of the time and calendar registers are in the BCD format. The day-of-week register increments at midnight. Values that correspond to the day of week are user-defined but must be sequential (i.e., if 1 equals Sunday, then 2 equals Monday, and so on.). Bit 7 of Register 0 is the clock halt (CH) bit. When this bit is set to 1, the oscillator is disabled. When cleared to 0, the oscillator is enabled. The initial power-on state of all registers is not defined. Therefore, it is important to enable the oscillator (CH bit = 0) during initial configuration. The DS1307 can be run in either 12-hour or 24-hour mode. Bit 6 of the hours register is defined as the12-hour or 24-hour mode-select bit. When high, the 12-hour mode is selected. In the 12-hour mode, bit 5 is the AM/PM bit with logic high being PM. In the 24-hour mode, bit 5 is the second 10-hour bit (20 to23 hours). 

I2C Data Bus

The DS1307 supports the I2C protocol. A device that sends data onto the bus is defined as a transmitter and a device receiving data as a receiver. The device that controls the message is called a master. The devices that are controlled by the master are referred to as slaves. The bus must be controlled by a master device that generates the serial clock (SCL), controls the bus access, and generates the START and STOP conditions. The DS1307 operates as a slave on the I2C bus. 

1. Data transfer may be initiated only when the bus is not busy.

2. During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in the data line while the clock line is high will be interpreted as control signals.

Depending upon the state of the R/W bit, two types of data transfer are possible:

1. Data Transfer from a Master Transmitter to a Slave Receiver

The first byte transmitted by the master is the slave address. Next follows a number of data bytes. The slave returns an acknowledge bit after each received byte. Data is transferred with the most significant bit (MSB) first.

2. Data Transfer from a Slave Transmitter to a Master Receiver

The first byte (the slave address) is transmitted by the master. The slave then returns an acknowledge bit. This is followed by the slave transmitting a number of data bytes. The master returns an acknowledge bit after all received bytes other than the last byte. At the end of the last received byte, a “not acknowledge” is returned. The master device generates the entire serial clock pulses and the START and STOP conditions. A transfer is ended with a STOP condition or with a repeated START condition. Since a repeated START condition is also the beginning of the next serial transfer, the bus will not be released. Data is transferred with the most significant bit (MSB) first.

Operating modes

The DS1307 may operate in the following two modes:

1. Slave Receiver Mode (Write Mode):
 
Serial data and clock are received through SDA and SCL. After each byte is received an acknowledge bit is transmitted. START and STOP conditions are recognized as the beginning and end of a serial transfer. Hardware performs address recognition after reception of the slave address and direction bit. 

The slave address byte is the first byte received after the master generates the START condition. The slave address byte contains the 7-bit DS1307 address, which is 1101000, followed by the direction bit (R/W), which for a write is 0. After receiving and decoding the slave address byte, the DS1307 outputs an acknowledgement on SDA. After the DS1307 acknowledges the slave address + write bit, the master transmits a word address to the DS1307. This sets the register pointer on the DS1307, with the DS1307 acknowledging the transfer. 

The master can then transmit zero or more bytes of data with the DS1307 acknowledging each byte received. The register pointer automatically increments after each data byte are written. The master will generate a STOP condition to terminate the data write.

 <Slave Add> <R/W><Word Add (n)>     <Data (n)>        <Data (n+1)>           <Data (n+X)>

	S
	1101000
	0
	A
	XXXXXXXX
	A
	XXXXXXXX
	A
	XXXXXXXX  
	A
	…
	XXXXXXXX
	A
	P

	


S - Start

A - Acknowledge (ACK)

P - Stop

	


Master to slave

	


Slave to master
                              Data Transferred (X+1 Bytes + Acknowledge)

Figure 4.8 Data Write - Slave Receiver Mode

2. Slave Transmitter Mode (Read Mode):
 
The first byte is received and handled as in the slave receiver mode. However, in this mode, the direction bit will indicate that the transfer direction is reversed. The DS1307 transmits serial data on SDA while the serial clock is input on SCL. START and STOP conditions are recognized as the beginning and end of a serial transfer. 

The slave address byte is the first byte received after the master generates the START condition. The slave address byte contains the 7-bit DS1307 address, which is1101000, followed by the direction bit (R/W), which is 1 for a read. After receiving and decoding the slave address the DS1307 outputs an acknowledgement on SDA. 

The DS1307 then begins to transmit data starting with the register address pointed to by the register pointer. If the register pointer is not written to before the initiation of a read mode the first address that is read is the last one stored in the register pointer. The register pointer automatically increments after each byte are read. The DS1307 must receive a Not Acknowledge to end a read.

<Slave Add> <R/W>  <Data(n)>          <Data(n+1)>          <Data(n+2)>                <Data(n+X)>

	S
	1101000
	1
	A
	XXXXXXXX
	A
	XXXXXXXX
	A
	XXXXXXXX  
	A
	…
	XXXXXXXX
	A
	P

	


S - Start

A - Acknowledge (ACK)

P - Stop

A - Not Acknowledge (NACK)

Data transferred (x+1 bytes + acknowledge); last data byte is followed by a not acknowledge (a) signal)

	


Master to slave

	


Slave to master
Figure 4.9 Data Read - Slave Transmitter Mode


The circuit diagram for interfacing the PIC microcontroller with the DS1307 is shown in Figure 4.9.


Figure 4.10 DS1307 Interface with PIC Microcontroller

X1 and X2 (Connections for Standard 32.768 kHz Quartz Crystal)

 The internal oscillator circuitry is designed for operation with a crystal having a specified load capacitance (CL) of 12.5pF. X1 is the input to the oscillator and can optionally be connected to an external 32.768kHzoscillator. The output of the internal oscillator, X2, is floated if an external oscillator is connected to X1.

VBAT (Backup Supply Input for Any Standard 3V Lithium Cell or Other Energy Source)

 
Battery voltage must be held between the minimum and maximum limits for proper operation. Diodes in series between the battery and the VBAT pin may prevent proper operation. If a back up supply is not required, VBAT must be grounded. The nominal power-fail trip point (VPF) voltage at which access to the RTC and user RAM is denied is set by the internal circuitry as 1.25 x VBAT nominal. A lithium battery with 48mAhr or greater will backup the DS1307 for more than 10 years in the absence of power at +25°C.

SDA (Serial Data Input/ Output)

SDA is the data input/output for the I2C serial interface. The SDA pin is open drain and requires an external pull up resistor.

SCL (Serial Clock Input) 

SCL is the clock input for the I2C interface and is used to synchronize data movement on the serial interface.

VCC (Primary Power Supply) 

When voltage is applied within normal limits, the device is fully accessible and data can be written and read. When a backup supply is connected to the device and VCC is below VTP, read and writes are inhibited. However, the timekeeping function continues unaffected by the lower input voltage.
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