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  CELLPHONE OPERATED LAND ROVER
                        ABSTRACT
In this project the robot is controlled by a mobile phone that makes a call to the mobile phone attached to the robot. In the course of a call ,if any button is pressed a tone corresponding to the button pressed is heard at the other end of the call .this tone is called ‘dual tone multiple frequency’(DTMF).the robot perceives this DTMF tone with the help of the phone stacked in the robot.

The received tone is processed by the Atmega16 microcontroller with the help of DTMF decoder MT8870.The decoder decodes the DTMF tone into its equivalent binary digit and this binary number is sent to the microcontroller .The microcontroller is preprogrammed to take a decision for any given input ,and outputs its decision to motor for forward or backward or turn.

The mobile that makes a call to the mobile phone that is stacked in the robot acts as a remote. So this simple robotic project does not require the construction of transmitter and receiver units. 
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introduction
Conventionally, wireless controlled robots use RF circuits, which have the drawbacks of limited working range, limited frequency range and limited control. Use of a mobile phone for robotic control can overcome these limitations. It provides the advantage of robust control, working range as large as the coverage area of the service provider, no interference with other controllers and up to twelve controls.
Although the appearance and capabilities of robots vary vastly, all robots share the features of a mechanical, movable structure under some form of control. The control of robot involves three distinct phases: perception, processing and action. Generally, the preceptors are sensors mounted on the robot, processing is done by the on board microcontroller or processor, and the task (action) is performed using motors or with some other actuators.

















Project overview:
In this project, the robot is controlled by a mobile phone that makes a call to the mobile phone attached to the robot. In the course of call, if any button is pressed, a tone corresponding to the button pressed is heard at the other end of the call. This tone is called ‘dual tone multiple frequency’ (DTMF) tone. The robot perceives this DTMF tone  with the help of phone stacked to the robot.
The received tone is processed by the ATmega16 microcontroller with the help of DTMF tone decoder MT8870. The decoder decodes the DTMF tone into its equivalent binary digit and this binary number is send to the microcontroller. The microcontroller is pre-programmed to take a decision for any given input and outputs its decision to motor drivers in order to drive the motors for forward or backward motion or a turn.
The mobile that makes a call   to the mobile phone stacked in the robot acts as a remote. So this simple robotic project does not require the construction of a receiver and transmitter units.
DTMF signalling is used for telephone signalling over the line in the voice frequency band to the call switching centre. The version of DTMF used for telephone tone dialling is known as ‘Touch-Tone’.
DTMF assigns a specific frequency (consisting of two separate tones) to each key so that it can easily be identified by the electronic circuit. The signal generated by the DTMF encoder is a direct algebraic summation, in real time of the amplitudes of two sine (cosine) waves of different frequencies, i.e., pressing ‘5’ will send atone made by adding 1336 Hz and 770 Hz to the other end of the line. The tones and assignments in a DTMF system are shown in table 1.

Table 1:-
Tones and Assignments in DTMF system:
	Frequencies 
(in Hz)
	1209 Hz
	1336 Hz
	1477 Hz
	1633 Hz

	697
	1
	2
	3
	A

	770
	4
	5
	6
	B

	852
	7
	8
	9
	C

	941
	*
	0
	#
	D






Table 2:-
DTMF Data output:-
	Low group(Hz)
	High group(Hz)
	Digit
	OE
	D3
	D2
	D1
	D0

	697
	1209
	1
	H
	L
	L
	L
	H

	697
	1336
	2
	H
	L
	L
	H
	L

	697
	1477
	3
	H
	L
	L
	H
	H

	770
	1209
	4
	H
	L
	H
	L
	L

	770
	1336
	5
	H
	L
	H
	L
	H

	770
	1477
	6
	H
	L
	H
	H
	L

	852
	1209
	7
	H
	L
	H
	H
	H

	852
	1336
	8
	H
	H
	L
	L
	L

	852
	1477
	9
	H
	H
	L
	L
	H

	941
	1209
	0
	H
	H
	L
	H
	L

	941
	1336
	*
	H
	H
	L
	H
	H

	941
	1477
	#
	H
	H
	H
	L
	L

	697
	1633
	A
	H
	H
	H
	L
	H

	770
	1633
	B
	H
	H
	H
	H
	L

	852
	1633
	C
	H
	H
	H
	H
	H

	941
	1633
	D
	H
	L
	L
	L
	L

	---
	----
	ANY
	L
	Z
	Z
	Z
	Z













COMPONENETS USED:-

	SI no
	Components Used
	Specification
	No of Components required

	1
	DTMF decoder
	MT8870 IC
	1

	2
	Microcontroller
	ATmega16 AVR
	1

	3
	Motor driver IC
	L293D IC
	1

	4
	NOT gate
	74LS04 IC
	1

	5
	Regulator IC
	7805
	1

	6
	Resistors
	100 kilo-ohm,
330 kilo-ohm,
10 kilo-ohm
	2
1
5

	7
	Capacitors
	0.47 uF ceramic disc,
22pF ceramic disc,
0.1uF ceramic disc
	1
4
1

	8
	Crystal Oscillator (Xtal)
	3.57 MHz crystal,
12 MHz crystal
	1
1

	9
	Push to ON switch
	
	1

	10
	DC motor
	6V,50 rpm geared
	2

	11
	Battery
	6V,4.5 Ah
	1


  




COMPONENTS DESCRIPTION:-
1. DTMF DECODER (MT8870):

The CM8870/70C is manufactured using state-of-the-art CMOS process technology for low power consumption (35mW, max.) and precise data handling. The filter section uses a switched capacitor technique for both high and low group filters and dial tone rejection. The
[image: ]CM8870/70C decoder uses digital counting techniques for the detection and decoding of all 16 DTMF tone pairs into a 4-bit code. This DTMF receiver minimizes external component count by providing an on-chip differential input amplifier, clock generator, and a latched three-state interface bus. The on-chip clock generator requires only a low cost TV crystal or ceramic resonator as an external component.
fig :block diagram of DTMF decoder



Functional Description
The CAMD MT8870 DTMF Integrated Receiver provides the design engineer with not only low power consumption, but high performance in a small 18-pin DIP, SOIC, or 20-pin PLCC package configuration. The MT8870/70C’s internal architecture consists of a bandsplit filter section which separates the high and low tones of the received pair, followed by a digital decode (counting) section which verifies both the frequency and duration of the received tones before passing the resultant 4-bit code to the output bus.


Filter Section
Separation of the low-group and high-group tones is achieved by applying the dual-tone signal to the inputs of two 9th-order switched capacitor bandpass filters. The bandwidths of these filters correspond to the bands enclosing the low-group and high-group tones (See Figure 3). The filter section also incorporates notches at 350 Hz and 440 Hz which provides excellent dial tone rejection. Each filter output is followed by a single order switched capacitor section which smooths the signals prior to limiting. Signal limiting is performed by high gain comparators. These comparators are provided with a hysteresis to prevent detection of unwanted low-level signals and noise. The outputs of the comparators provide full-rail logic swings at the frequencies of the incoming tones.


Decoder Section
The CM8870/70C decoder uses a digital counting technique to determine the frequencies of the limited tones and to verify that these tones correspond to standard DTMF frequencies.
A complex averaging algorithm is used to protect against tone simulation by extraneous signals (such as voice) while providing tolerance to small frequency variations. The averaging algorithm has been developed to ensure an optimum combination of immunity to “talk-off” and tolerance to the presence of interfering signals (third tones) and noise. When the detector recognizes the simultaneous presence of two valid tones (known as “signal condition”), it raises the “Early Steering” flag (ESt). Any subsequent loss of signal condition will cause ESt to fall.


Steering Circuit
Before the registration of a decoded tone pair, the receiver checks for a valid signal duration (referred to as “character recognition- condition”). This check is performed by an external RC time constant driven by ESt. A logic high on ESt causes VC (See Figure 4) to rise as the capacitor discharges. Providing signal condition is maintained (ESt remains high) for the validation period (tGTP), VC reaches the threshold (VTSt) of the steering logic to register the tone pair, thus latching its corresponding 4-bit code  into the output latch.
At this point, the GT output is activated and drives VC to VDD. GT continues to drive high as long as ESt remains high, signalling that a received tone pair has been registered. The contents of the output latch are made available on the 4-bit output bus by raising the three-state control input (TOE) to a logic high. The steering circuit works in reverse to validate the interdigit pause between signals. Thus, as well as rejecting signals too short to be considered valid, the receiver will tolerate signal interruptions (drop outs) too short to be considered a valid pause. This capability together with the capability of selecting the steering time constants externally, allows the designer to tailor performance to meet a wide
variety of system requirements.




Guard Time Adjustment
In situations which do not require independent selection of receive and pause, the simple steering circuit of Figure 4 is applicable. Component values are chosen according to the
following formula:

tREC = tDP + tGTP
tGTP » 0.67 RC

The value of tDP is a parameter of the device and tREC is the minimum signal duration to be recognized by the receiver. A value for C of 0.1 uF is recommended for most applications,
leaving R to be selected by the designer. For example, a suitable value of R for a tREC of 40 milliseconds would be 300K. The timing requirements for most telecommunication applications are satisfied with this circuit. Different steering arrangements may be used to select independently the guard times for tone-present (tGTP) and tone absent (tGTA). This may be necessary to meet system specifications which place both accept and reject limits on both tone duration and interdigit pause. Guard time adjustment also allows the designer to tailor system parameters such as talk-off and noise immunity. Increasing tREC improves talk-off performance, since it reduces the probability that tones simulated by speech will maintain signal condition for long enough to be registered. On the other hand, a relatively short tREC with a long tDO would be appropriate for extremely noisy environments where fast acquisition time and immunity to drop-outs would be requirements.


Input Configuration
The input arrangement of the CM8870  provides a differential input operational amplifier as well as a bias source (VREF) which is used to bias the inputs at mid-rail. Provision is made for connection of a feedback resistor to theop-amp output (GS) for adjustment of gain. In a single-ended configuration, the input pins are connected as, with the op-amp connected for unity gain and VREF biasing the input at ½ VDD. Figure 6 shows the differential configuration, which permits the adjustment of gain with the feedback resistor R5.


Clock Circuit
The internal clock circuit is completed with the addition of a standard television color burst crystal or ceramic resonator having a resonant frequency of 3.579545 MHz. The CM8870C in a PLCC package has a buffered oscillator output (OSC3) that can be used to drive clock inputs of other devices such as a microprocessor or other CM887X’s. Multiple CM8870 can be connected such that only one crystal or resonator is required.
[image: ]





                   




                        Fig: pin diagram of DTMF decoder
[image: ]Pin function:



2. [image: ]ATMEGA 16 MICROCONTROLLER:-

                            










                                      fig:-pin diagram of Atmega16
Pin Descriptions

VCC : Digital supply voltage.

GND :Ground.

Port A (PA7..PA0) :Port A serves as the analog inputs to the A/D Converter. Port A also serves as an 8-bit bi-directional I/O port, if the A/D Converter is not used. Port pins can provide internal pull-up resistors (selected for each bit). The Port A output buffers have symmetrical drive characteristics with both high sink and source capability. When pins PA0 to PA7 are used as inputs and are externally pulled low, they will source current if the internal pull-up resistors are activated. The Port A pins are tri-stated when a reset condition becomes active, even if the clock is not running.


Port B (PB7..PB0) :Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port B output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset condition becomes active, even if the clock is not running. Port B also serves the functions of various special features of the ATmega16.
Port C (PC7..PC0) :Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port C output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset condition becomes active, even if the clock is not running. If the JTAG interface is enabled, the pull-up resistors on pins PC5(TDI), PC3(TMS) and PC2(TCK) will be activated even if a reset occurs. Port C also serves the functions of the JTAG interface and other special features of the ATmega16.


Port D (PD7..PD0) :Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The Port D output buffers have symmetrical drive characteristics with both high sink and source capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset condition becomes active, even if the clock is not running. Port D also serves the functions of various special features of the ATmega16 as listed on.


RESET: Reset Input. A low level on this pin for longer than the minimum pulse length will generate a reset, even if the clock is not running. The minimum pulse length is given in. Shorter pulses are not guaranteed to generate a reset.


XTAL1: Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.


XTAL2 :Output from the inverting Oscillator amplifier.


AVCC :AVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally connected to VCC, even if the ADC is not used. If the ADC is used, it should be connected to VCC through a low-pass filter.


AREF :AREF is the analog reference pin for the A/D Converter




INTERNAL ARCHITECTURE
In order to maximize performance and parallelism, the AVR uses a Harvard architecture – with separate memories and buses for program and data. Instructions in the program memory are executed with a single level pipelining. While one instruction is being executed, the next instruction is pre-fetched from the program memory. This concept enables instructions to be executed in every clock cycle. The program memory is In-System Reprogrammable Flash memory.
The fast-access Register File contains 32 × 8-bit general purpose working registers with a single clock cycle access time. This allows single-cycle Arithmetic Logic Unit (ALU) operation. In a typical ALU operation, two operands are output from the Register File, the operation is executed, and the result is stored back in the Register File – in one clock cycle.
Six of the 32 registers can be used as three 16-bit indirect address register pointers for Data
Space addressing – enabling efficient address calculations. One of these address pointers can also be used as an address pointer for look up tables in Flash Program memory. These added function registers are the 16-bit X-register, Y-register, and Z-register, described later in this section.

The ALU supports arithmetic and logic operations between registers or between a constant and a register. Single register operations can also be executed in the ALU. After an arithmetic operation, the Status Register is updated to reflect information about the result of the operation Program flow is provided by conditional and unconditional jump and call instructions, able to directly address the whole address space. Most AVR instructions have a single 16-bit word format.

[image: ]
fig: block diagram of Atmega16


Every program memory address contains a 16-bit or 32-bit instruction.
Program Flash memory space is divided in two sections, the Boot program section and the Application Program section. Both sections have dedicated Lock bits for write and read/write protection. The SPM instruction that writes into the Application Flash memory section must reside in the Boot Program section.

During interrupts and subroutine calls, the return address Program Counter (PC) is stored on the Stack. The Stack is effectively allocated in the general data SRAM, and consequently the Stack size is only limited by the total SRAM size and the usage of the SRAM. All user programs must initialize the SP in the reset routine (before subroutines or interrupts are executed). The Stack Pointer SP is read/write accessible in the I/O space. The data SRAM can easily be accessed through the five different addressing modes supported in the AVR architecture.

The memory spaces in the AVR architecture are all linear and regular memory maps.
A flexible interrupt module has its control registers in the I/O space with an additional global interrupt enable bit in the Status Register. All interrupts have a separate interrupt vector in the interrupt vector table. The interrupts have priority in accordance with their interrupt vector position. The lower the interrupt vector address, the higher the priority.
The I/O memory space contains 64 addresses for CPU peripheral functions as Control Registers, SPI, and other I/O functions. The I/O Memory can be accessed directly, or as the Data Space locations following those of the Register File, $20 - $5F.

ALU – Arithmetic Logic Unit
The high-performance AVR ALU operates in direct connection with all the 32 general purpose working registers. Within a single clock cycle, arithmetic operations between general purpose registers or between a register and an immediate are executed. The ALU operations are divided into three main categories – arithmetic, logical, and bit-functions. Some implementations of the architecture also provide a powerful multiplier supporting both signed/unsigned multiplication and fractional format. 

Status Register 
The Status Register contains information about the result of the most recently executed arithmetic instruction. This information can be used for altering program flow in order to perform conditional operations. Note that the Status Register is updated after all ALU operations, as specified in the Instruction Set Reference. This will in many cases remove the need for using the dedicated compare instructions, resulting in faster and more compact code. The Status Register is not automatically stored when entering an interrupt routine and restored when returning from an interrupt. This must be handled by software.
The AVR Status Register – SREG – is defined as:
[image: ]
                                                   fig:status register

• Bit 7 – I: Global Interrupt Enable
The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual interrupt enable control is then performed in separate control registers. If the Global Interrupt Enable Register is cleared, none of the interrupts are enabled independent of the individual interrupt enable settings. The I-bit is cleared by hardware after an interrupt has occurred, and is set by the RETI instruction to enable subsequent interrupts. The I-bit can also be set and cleared by the application with the SEI and CLI instructions, as described in the instruction set reference.


• Bit 6 – T: Bit Copy Storage
The Bit Copy instructions BLD (Bit Load) and BST (Bit Store) use the T-bit as source or destination for the operated bit. A bit from a register in the Register File can be copied into T by the BST instruction, and a bit in T can be copied into a bit in a register in the Register File by the BLD instruction.

• Bit 5 – H: Half Carry Flag
The Half Carry Flag H indicates a Half Carry in some arithmetic operations. Half Carry is useful in BCD arithmetic. See the “Instruction Set Description” for detailed information.


• Bit 4 – S: Sign Bit, S = N  V
The S-bit is always an exclusive or between the Negative Flag N and the Two’s Complement
Overflow Flag V. See the “Instruction Set Description” for detailed information.


• Bit 3 – V: Two’s Complement Overflow Flag
The Two’s Complement Overflow Flag V supports two’s complement arithmetic. See the
“Instruction Set Description” for detailed information.

• Bit 2 – N: Negative Flag
The Negative Flag N indicates a negative result in an arithmetic or logic operation. See the
“Instruction Set Description” for detailed information.



• Bit 1 – Z: Zero Flag
The Zero Flag Z indicates a zero result in an arithmetic or logic operation. See the “Instruction Set Description” for detailed information.


• Bit 0 – C: Carry Flag
The Carry Flag C indicates a carry in an arithmetic or logic operation. See the “Instruction Set Description” for detailed information.

General Purpose Register File
The Register File is optimized for the AVR Enhanced RISC instruction set. In order to achieve
the required performance and flexibility, the following input/output schemes are supported by the Register File:
• One 8-bit output operand and one 8-bit result input
• Two 8-bit output operands and one 8-bit result input
• Two 8-bit output operands and one 16-bit result input
• One 16-bit output operand and one 16-bit result input


[image: ]
                Figure :- AVR CPU 32 General Purpose Working Registers





Most of the instructions operating on the Register File have direct access to all registers, and most of them are single cycle instructions.
As shown in Figure 4, each register is also assigned a data memory address, mapping them directly into the first 32 locations of the user Data Space. Although not being physically implemented as SRAM locations, this memory organization provides great flexibility in access of the registers, as the X-, Y-, and Z-pointer Registers can be set to index any register in the file.


The X-register, Y register and Z-register
The registers R26..R31 have some added functions to their general purpose usage. These registers are 16-bit address pointers for indirect addressing of the Data Space. The three indirect address registers X, Y, and Z are defined as described in Figure .


[image: ]
                          
                             Figure :The X-register, Y-register, and Z-register


In the different addressing modes these address registers have functions as fixed displacement, automatic increment, and automatic decrement.


Stack Pointer
 The Stack is mainly used for storing temporary data, for storing local variables and for storing return addresses after interrupts and subroutine calls. The Stack Pointer Register always points to the top of the Stack. Note that the Stack is implemented as growing from higher memory locations to lower memory locations. This implies that a Stack PUSH command decreases the Stack Pointer. If software reads the Program Counter from the Stack after a call or an interrupt, unused bits (15:13) should be masked out.



The Stack Pointer points to the data SRAM Stack area where the Subroutine and Interrupt
Stacks are located. This Stack space in the data SRAM must be defined by the program before any subroutine calls are executed or interrupts are enabled. The Stack Pointer must be set to point above $60. The Stack Pointer is decremented by one when data is pushed onto the Stack with the PUSH instruction, and it is decremented by two when the return address is pushed onto the Stack with subroutine call or interrupt. The Stack Pointer is incremented by one when data is popped from the Stack with the POP instruction, and it is incremented by two when data is popped from the Stack with return from subroutine RET or return from interrupt RETI.

The AVR Stack Pointer is implemented as two 8-bit registers in the I/O space. The number of
bits actually used is implementation dependent. Note that the data space in some implementations of the AVR architecture is so small that only SPL is needed. In this case, the SPH Register will not be present.
[image: ]
                                            fig: stack pointer
3. 
Motor driver IC(L293D):-
The L293 and L293D are quadruple high-current half-H drivers. The L293 is designed to provide bidirectional drive currents of up to 1 A at voltages from 4.5 V to 36 V. The L293D is designed to provide bidirectional drive currents of up to 600-mA at voltages from 4.5 V to 36 V. Both devices are designed to drive inductive loads such as relays, solenoids, dc and bipolar stepping motors, as well as other high-current/high-voltage loads in positive-supply applications. All inputs are TTL compatible. Each output is a complete totem-pole drive circuit, with a Darlington transistor sink and a pseudo-Darlington source. Drivers are enabled in pairs, with drivers 1 and 2 enabled by 1,2EN and drivers 3 and 4 enabled by 3,4EN. When an enable input is high, the associated drivers are enabled and their outputs are active and in phase with their inputs. When the enable input is low, those drivers are disabled and their outputs are off and in the high-impedance state. With the proper data inputs, each pair of drivers forms a full-H (or bridge) reversible drive suitable for solenoid or motor applications. On the L293, external high-speed output clamp diodes should be used for inductive transient suppression. A VCC1 terminal, separate from VCC2, is provided for the logic inputs to minimize device power dissipation. The L293and L293D are characterized for operation from 0°C to 70°C.

[image: ]
                                                  fig:- pin diagram of motor driver

Supply voltage(Vss) is the Voltage at which we wish to drive the motor. Generally we prefer 6V for dc motor and 6 to 12V for gear motor, depending upon the rating of the motor. 
Logical Supply Voltage will decide what value of input voltage should be considered as high or low .So if we set Logical Supply Voltage equals to +5V, then -0.3V to 1.5V will be considered as Input Low Voltage and 2.3 V to 5V will be considered as Input High Voltage. 
· L293D has 2 Channels .One channel is used for one motor. 
· Channel 1 - Pin 1 to 8 
· Channel 2 - Pin 9 to 16 
· Enable Pin is use to enable or to make a channel active .Enable pin is also called as Chip Inhibit Pin. 
· All Input(Pin No. 2,7,10and 15) of L293D IC is the output from microcontroller (ATmega8). 
· Eg-We connected (Pin No. 2, 7, 10 and 15) of L293D IC to (Pin No. 14,15,16and 17) of ATmega8 respectively in our robots, because on pin 14 and 15 of ATmega8 we can generate PWM. 
· [image: ]All Output (Pin No. 3, 6,11and 14) of L293D IC goes to the input of Right and Left motor through RMC(4 pin Connector). 














                                      fig: block diagram of motor driver 





PIN DESCRIPTION:-
[image: ]









INPUT & OUTPUT RELATIONSHIP:-
[image: ]


4. NOT IC(74LS04):-

[image: ]







FUNCTION TABLE:-
[image: ]




5. Crystal Oscillator:-
A crystal oscillator is an electronic oscillator circuit that uses the mechanical resonance of a vibrating crystal of piezoelectric material to create an electrical signal with a very precise frequency. This frequency is commonly used to keep track of time (as in quartz wristwatches), to provide a stable clock signal for digital integrated circuits, and to stabilize frequencies for radio transmitters and receivers. The most common type of piezoelectric resonator used is the quartz crystal, so oscillator circuits designed around them became known as "crystal oscillators."

A crystal is a solid in which the constituent atoms, molecules, or ions are packed in a regularly ordered, repeating pattern extending in all three spatial dimensions.

Almost any object made of an elastic material could be used like a crystal, with appropriate transducers, since all objects have natural resonant frequencies of vibration. For example, steel is very elastic and has a high speed of sound. It was often used in mechanical filters before quartz. The resonant frequency depends on size, shape, elasticity, and the speed of sound in the material. High-frequency crystals are typically cut in the shape of a simple, rectangular plate. Low-frequency crystals, such as those used in digital watches, are typically cut in the shape of a tuning fork. For applications not needing very precise timing, a low-cost ceramic resonator is often used in place of a quartz crystal.

When a crystal of quartz is properly cut and mounted, it can be made to distort in an electric field by applying a voltage to an electrode near or on the crystal. This property is known as piezoelectricity. When the field is removed, the quartz will generate an electric field as it returns to its previous shape, and this can generate a voltage. The result is that a quartz crystal behaves like a circuit composed of an inductor, capacitor and resistor, with a precise resonant frequency. (See RLC circuit.)
Quartz has the further advantage that its elastic constants and its size change in such a way that the frequency dependence on temperature can be very low. The specific characteristics will depend on the mode of vibration and the angle at which the quartz is cut (relative to its crystallographic axes).[7]Therefore, the resonant frequency of the plate, which depends on its size, will not change much, either. This means that a quartz clock, filter or oscillator will remain accurate. For critical applications the quartz oscillator is mounted in a temperature-controlled container, called a crystal oven, and can also be mounted on shock absorbers to prevent perturbation by external mechanical vibrations.
[image: ]
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/c/cb/Crystal-oscillator-IEC-Symbol.svg/120px-Crystal-oscillator-IEC-Symbol.svg.png]


fig: symbol of crystal oscillator                                   
                                                                               fig :-circuit representation of   crystal oscillator   



6. BATTERY:-

[image: http://upload.wikimedia.org/wikipedia/commons/3/3b/Batteries.jpg]





fig: Various cells and batteries (top-left to bottom-right): twoAA, one D, one handheld ham radio battery, two 9-volt (PP3), two AAA, one C, one camcorder battery, one cordless phone battery.
An electrical battery is one or more electrochemical cells that convert stored chemical energy into electrical energy. Since the invention of the first battery (or "voltaic pile") in 1800 by Alessandro Volta, batteries have become a common power source for many household and industrial applications. According to a 2005 estimate, the worldwide battery industry generates US$48billion in sales each year, with 6% annual growth. 
There are two types of batteries: primary batteries (disposable batteries), which are designed to be used once and discarded, and secondary batteries (rechargeable batteries), which are designed to be recharged and used multiple times. Batteries come in many sizes, from miniature cells used to power hearing aids and wristwatches to battery banks the size of rooms that provide standby power for telephone exchanges and computer data centers.
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/2/28/Battery_symbol2.svg/100px-Battery_symbol2.svg.png]




                                                     fig: symbol of battery
A battery is a device that converts chemical energy directly to electrical energy. It consists of a number of voltaic cells; each voltaic cell consists of two half cells connected in series by a conductive electrolyte containing anions and cations. One half-cell includes electrolyte and the electrode to which anions (negatively charged ions) migrate, i.e., the anode or negative electrode; the other half-cell includes electrolyte and the electrode to which cations (positively charged ions) migrate, i.e., the cathode or positive electrode. In the redox reaction that powers the battery, cations are reduced (electrons are added) at the cathode, while anions are oxidized (electrons are removed) at the anode. The electrodes do not touch each other but are electrically connected by the electrolyte. Some cells use two half-cells with different electrolytes. A separator between half cells allows ions to flow, but prevents mixing of the electrolytes.

Each half cell has an electromotive force (or emf), determined by its ability to drive electric current from the interior to the exterior of the cell. The net emf of the cell is the difference between the emfs of its half-cells, as first recognized by Volta. Therefore, if the electrodes have emfs [image: \mathcal{E}_1] and [image: \mathcal{E}_2], then the net emf is [image: \mathcal{E}_{2}-\mathcal{E}_{1}]; in other words, the net emf is the difference between the reduction potentials of the half-reactions. 

The electrical driving force or [image: \displaystyle{\Delta V_{bat}}] across the terminals of a cell is known as the terminal voltage (difference) and is measured in volts. The terminal voltage of a cell that is neither charging nor discharging is called the open-circuit voltage and equals the emf of the cell. Because of internal resistance, the terminal voltage of a cell that is discharging is smaller in magnitude than the open-circuit voltage and the terminal voltage of a cell that is charging exceeds the open-circuit voltage. An ideal cell has negligible internal resistance, so it would maintain a constant terminal voltage of [image: \mathcal{E}] until exhausted, then dropping to zero. If such a cell maintained 1.5 volts and stored a charge of one coulomb then on complete discharge it would perform 1.5 joule of work. In actual cells, the internal resistance increases under discharge, and the open circuit voltage also decreases under discharge. If the voltage and resistance are plotted against time, the resulting graphs typically are a curve; the shape of the curve varies according to the chemistry and internal arrangement employed. 

As stated above, the voltage developed across a cell's terminals depends on the energy release of the chemical reactions of its electrodes and electrolyte. Alkaline and carbon-zinc cells have different chemistries but approximately the same emf of 1.5 volts; likewise NiCd and NiMH cells have different chemistries, but approximately the same emf of 1.2 volts. On the other hand the high electrochemical potential changes in the reactions of lithium compounds give lithium cells emfs of 3 volts or more. 
Batteries are classified into two broad categories, each type with advantages and disadvantages. 
· Primary batteries irreversibly (within limits of practicality) transform chemical energy to electrical energy. When the initial supply of reactants is exhausted, energy cannot be readily restored to the battery by electrical means. 
· Secondary batteries can be recharged; that is, they can have their chemical reactions reversed by supplying electrical energy to the cell, restoring their original composition

7. CAPACITORS:-
A capacitor (formerly known as condenser) is a passive electronic component consisting of a pair of conductors separated by a dielectric (insulator). When there is a potential difference (voltage) across the conductors, a static electric field develops in the dielectric that stores energy and produces a mechanical force between the conductors. An ideal capacitor is characterized by a single constant value, capacitance, measured in farads. This is the ratio of the electric charge on each conductor to the potential difference between them.
 
[image: C:\Users\user\Desktop\capacitor.jpg]                                 



                                          fig:- ceramic disc capacitor
Capacitors are widely used in electronic circuits for blocking direct current while allowing alternating current to pass, in filter networks, for smoothing the output of power supplies, in the resonant circuits that tune radios to particular frequencies and for many other purposes.
The effect is greatest when there is a narrow separation between large areas of conductor; hence capacitor conductors are often called "plates", referring to an early means of construction. In practice the dielectric between the plates passes a small amount of leakage current and also has an electric field strength limit, resulting in a breakdown voltage, while the conductors and leads introduce an undesired inductance and resistance.
Three classes of ceramic capacitors are commonly available:
Class I capacitors: accurate, temperature-compensating capacitors. They are the most stable over voltage, temperature, and to some extent, frequency. They also have the lowest losses. On the other hand, they have the lowest volumetric efficiency. A typical class I capacitor will have a temperature coefficient of 30 ppm/°C. This will typically be fairly linear with temperature. These also allow for high Q filters—a typical class I capacitor will have a dissipation factor of 0.15%. Very high accuracy (~1%) class I capacitors are available (typical ones will be 5% or 10%). The highest accuracy class 1 capacitors are designated C0G or NP0.

Class II capacitors:- Better volumetric efficiency, but lower accuracy and stability. A typical class II capacitor may change capacitance by 15% over a −55 °C to 85 °C temperature range. A typical class II capacitor will have a dissipation factor of 2.5%. It will have average to poor accuracy (from 10% down to +20/-80%).

Class III capacitors:-high volumetric efficiency, but poor accuracy and stability. A typical class III capacitor will change capacitance by -22% to +56% over a temperature range of 10 °C to 55 °C. It will have a dissipation factor of 4%. It will have fairly poor accuracy (commonly, 20%, or +80/-20%). These are typically used for decoupling or in other power supply applications.
At one point, Class IV capacitors were also available, with worse electrical characteristics than Class III, but even better volumetric efficiency. They are now rather rare and considered obsolete, as modern multilayer ceramics can offer better performance in a compact package.
These correspond roughly to low K, medium K, and high K. Note that none of the classes are "better" than any others—the relative performance depends on application. Class I capacitors are physically larger than class III capacitors, and for bypassing and other non-filtering applications, the accuracy, stability, and loss factor may be unimportant, while cost and volumetric efficiency may be. As such, Class I capacitors are primarily used in filtering applications, where the main competition is from film capacitors in low frequency applications, and more esoteric capacitors in RF applications. Class III capacitors are typically used in power supply applications. Traditionally, they had no competition in this niche, as they were limited to small sizes. As ceramic technology has improved, ceramic capacitors are now commonly available in values of up to 100 µF, and they are increasingly starting to compete with electrolytic capacitors, where ceramics offer much better electrical performance at prices that, while still much higher than electrolytic, are becoming increasingly reasonable as the technology improves.




8. RESISTOR:-
                  A resistor is a two-terminal electronic component that produces a voltage across its terminals that is proportional to the electric current through it in accordance with Ohm's law:
V = IR
                  Resistors are elements of electrical networks and electronic circuits and are ubiquitous in most electronic equipment. Practical resistors can be made of various compounds and films, as well as resistance wire (wire made of a high-resistivity alloy, such as nickel-chrome).
                  The primary characteristics of a resistor are the resistance, the tolerance, the maximum working voltage and the power rating. Other characteristics include temperature coefficient, noise, and inductance. Less well-known is critical resistance, the value below which power dissipation limits the maximum permitted current, and above which the limit is applied voltage. Critical resistance is determined by the design, materials and dimensions of the resistor. 

[image: http://upload.wikimedia.org/wikipedia/commons/thumb/e/e3/3_Resistors.jpg/220px-3_Resistors.jpg]


              



                               fig:- Resistors with wire leads for through-hole mounting












9. Voltage Regulator:
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/a/ae/7800_IC_regulatorsa.jpg/200px-7800_IC_regulatorsa.jpg]
                             


                                             fig: IC of 7805
                   The 78XX (also sometimes known as LM78xx) series of devices is a family of self-contained fixed linear voltage regulator integrated circuits. The 78xx family is a very popular choice for many electronic circuits which require a regulated power supply, due to their ease of use and relative cheapness. When specifying individual ICs within this family, the xx is replaced with a two-digit number, which indicates the output voltage the particular device is designed to provide (for example, the 7805 has a 5 volt output, while the 7812 produces 12 volts). The 78xx line is positive voltage regulators, meaning that they are designed to produce a voltage that is positive relative to a common ground. There is a related line of 79xx devices which are complementary negative voltage regulators. 78xx and 79xx ICs can be used in combination to provide both positive and negative supply voltages in the same circuit, if necessary.

[image: ]
fig: different types of voltage regulators

                   78xx ICs have three terminals and are most commonly found in the TO220 form factor, although smaller surface-mount and larger TO3 packages are also available from some manufacturers. These devices typically support an input voltage which can be anywhere from a couple of volts over the intended output voltage, up to a maximum of 35 or 40 volts, and can typically provide up to around 1 or 1.5 amps of current (though smaller or larger packages may have a lower or higher current rating).
[image: ]
fig: block diagram of voltage regulator IC
[image: ]
[image: ]
                                       fig: Pin connection( top view)


10. SWITCH:-
In electronics, a switch is an electrical component that can break an electrical circuit, interrupting the current or diverting it from one conductor to another. The most familiar form of switch is a manually operated electromechanical device with one or more sets of electrical contacts. Each set of contacts can be in one of two states: either 'closed' meaning the contacts are touching and electricity can flow between them, or 'open', meaning the contacts are separated and non-conducting.
In electronics engineering, an ideal switch describes a switch that:
· has no current limit during its ON state
· has infinite resistance during its OFF state
· has no voltage drop across the switch during its ON state
· has no voltage limit during its OFF state
· has zero rise time and fall time during state changes
· switches only once without "bouncing" between on and off positions

Practical switches have loss and limitation. The ideal switch is often used in circuit analysis as it greatly simplifies the system of equations to be solved, however this can lead to a less accurate solution.
In the simplest case, a switch has two conductive pieces, often metal, called contacts that touch to complete (make) a circuit, and separate to open (break) the circuit. The contact material is chosen for its resistance to corrosion, because most metals form insulating oxides that would prevent the switch from working. Contact materials are also chosen on the basis of electrical conductivity, hardness (resistance to abrasive wear), mechanical strength, low cost and low toxicity






[image: ]





                                        

                                             fig:- different types of switch


11. DC MOTOR:-
An electric motor converts electrical energy into mechanical energy. Most electric motors operate through interacting magnetic fields and current-carrying conductors to generate force, although electrostatic motors use electrostatic forces. 
A DC motor is designed to run on DC electric power. Two examples of pure DC designs are Michael Faraday's homopolar motor (which is uncommon), and the ball bearing motor, which is (so far) a novelty. By far the most common DC motor types are the brushed and brushless types, which use internal and external commutation respectively to periodically reverse the current in the rotor windings.
DC motor design generates an oscillating current in a wound rotor, or armature, with a split ring  commutator, and either a wound or permanent magnet stator. A rotor consists of one or more coils of wire wound around a core on a shaft; an electrical power source is connected to the rotor coil through the commutator and its brushes, causing current to flow in it, producing electromagnetism. The commutator causes the current in the coils to be switched as the rotor turns, keeping the magnetic poles of the rotor from ever fully aligning with the magnetic poles of the stator field, so that the rotor never stops (like a compass needle does) but rather keeps rotating indefinitely (as long as power is applied and is sufficient for the motor to overcome the shaft torque load and internal losses due to friction, etc.)


Circuit Description:
Fig shows the block diagram of the microcontroller based mobile phone operated land rover. The important components of this rover are a DTMF decoder, microcontroller and motor driver.
[image: ]
fig :block diagram of cell phone operated land rover

An MT8870 series DTMF decoder is used here. All types of MT8870 series use digital counting techniques to detect and decode all the 16 DTMF tone pairs into a 4-bit code output. The built-in dial tone rejection circuit eliminates the need for pre-filtering. When the input signal given at pin-2 (IN-) in single ended input configuration is recognised to be effective, the correct –bit of the decode signal of the DTMF tone is transferred to Q1 (pin 11) through Q4 (pin 4) outputs.
Table 3 shows DTMF data output table of MT8870. Q1 through Q4 outputs of the DTMF decoder (IC1) are connected to port pins PA0 through PA3 of ATmega16 microcontroller (IC2) after inversion by N1 through N4, respectively. 
The ATmega16 is a low-power, 8-bit, CMOS microcontroller based on the AVR enhanced RISC architecture. It provides the following features:  16kB of in-system programmable Flash program memory with read-while-write capabilities, 512 bytes of EEPROM, 1kB SRAM, 32 general purpose working registers. All the 32 registers are directly connected to the arithmetic logic unit, allowing two independent registers to be accessed in one single instruction executed in one clock cycle. The resulting architecture is more code efficient.
Outputs from port pins PD0 through PD3 and PD7 of the microcontroller are fed to inputs IN1 through IN4 and enable pins (EN1 and EN2) of motor driver L293D,respectively,to drive 2 geared DC motors. Switch S1 used for manual reset. The microcontroller output is not sufficient to drive the DC motors, so current drivers are required for motor rotation.
The L293D is a quad, high current, half-H driver designed to provide bidirectional drive currents of up to 600mA a voltages from 4.5 V to 36V.It makes it easier to drive the DC motors. The L293D consists of four drivers. Pins IN1 through In4 and OUT1 through OUT4 are input and output pins, respectively, of driver 1 through driver 4. Drivers 1 and 2, and drivers 3 and 4 are enabled by enable pin 1 (EN1) and pin 9 (EN2), respectively. When enable input EN1 (pin1) is high, drivers 1 and 2 are enabled and outputs corresponding to their inputs are active. Similarly, enable input EN2 (pin 9) enables drivers 3 and4.
An actual size, single side PCB for cell operated land rover is shown in fig. and its complement layout in fig. 
[image: ]fig :circuit diagram of microcontroller based cell phone operated land rover
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                fig: An actual size, single side PCB for cell operated land rover

[image: ]










                               fig: complement layout for the PCB.


Software Description:
The software is written in ‘C’ language and compiled using Code Vision AVR ‘C’ compiler. The source program is converted into hex code by the compiler. Burn this hex code into ATmega16 AVR microcontroller.
The source program is well commented and easy to understand. First include the register name defined specifically for atmega16 and also declare the variable. Set port A as the input and port D as the output. The program will run forever by using ‘while’ loop. Under ‘while’ loop read port A and test the received input using ‘switch’ statement. The corresponding data output at port D after testing of received data.
 (
#include <mega16.h>
void main(void)
        {
unsigned int k, h;
DDRA=0x00;
DDRD=0XFF;
  while (1)
      {
k =~PINA;
h=k & 0x0F;
      switch (h)
{ 
case 0x02:
{
PORTD=0x89;
break;
}
case 0x08:
{
PORTD=0x86;
break;
}
case 0x04:
{
PORTD=0x85;
break;
}
case 0x06:
{
PORTD=0x8A;
break;
}
case 0x05:
{
PORTD=0x00;
break;
}
}
}
}
)





















 (
}
case 0x06:
{
PORTD=0x8A;
break;
}
case 0x05:
{
PORTD=0x00;
break;
}
}
}
}
)



Working:



Working:
In order to control the robot, need to make a call to the cell phone attached to the robot (through head phone) from any phone, which sends DTMF tunes on pressing the numeric buttons. The cell phone in the robot is kept in ‘auto answer’ mode. (if the mobile does not have the auto answering facility, receive the call by ‘OK’ on the rover connected mobile and then made it in hands free mode.) So after a ring, the cell phone accepts the call.
Now we may press any button on your mobile to perform actions as listed in table 4.The DTMF tones thus produced are received by the cell phone in the robot. These tones are fed to the circuit by the headset of the cell phone. The MT8870 decodes the received tone and sends the equivalent binary number to the microcontroller. According to the program in the microcontroller, the robot starts moving.
When we press key ‘2’ (binary equivalent 00000010) on our mobile phone, the microcontroller outputs ‘10001001’  binary equivalent. Port pins PD0, PD3 and PD7 are high. The high output at PD7 of microcontroller drives the motor driver (L293D). Port pins PD0 and PD3 drive motors M1 and M2 in forward direction as per table 4. Similarly, motors M1 and M2 move for left turn, right turn, backward turn and stop condition as per table 3.


Table 3:
Actions Performed Corresponding to the Keys Pressed:
	Number pressed by user
	Output of MT8870 DTMF decoder
	Input to the microcontroller
	Output from microcontroller
	Actions performed

	2
	0x02
00000010
	0xFD
11111101
	0x89
10001001
	Forward motion

	4
	0x04
00000100
	0xFB
11111011
	0x85
10000101
	Left turn
Right motor forwarded
Left motor back ward

	6
	0x06
00000110
	0xF9
11111001
	0x8A
10001010
	Right turn
Right motor back warded
Left motor forwarded


	8
	0x08
00001000
	0xF7
11110111
	0x86
10000110
	Backward motion

	5
	0x05
00000101
	0xFa
11111010
	0x00
00000000
	Stop



Construction:
When constructing any robot, one major mechanical constraint is the number of motors being used. We can have either a two wheel drive or a four wheel drive. Though four wheel drive is more complex than two wheel drive, it provides more torque and good control. Two wheel drive, on the other hand, is very easy to construct.
The chassis used in the four wheel drive model is a 10x18 cm^2 sheet made up of parax. Motors are fixed to the bottom of the sheet and the circuit is affixed firmly on top of the sheet. A cell phone is also mounted on the sheet as shown in fig.







[image: C:\Users\user\Documents\Bluetooth Exchange Folder\300420113128.jpg]
fig: picture of the completed project

In the four wheel drive system, the two motors on a side are controlled in parallel. So a single L293D driver IC can drive the rover. For this robot, beads affixed with glue act ac support wheels.


Further Applications:
This land rover can further improved to serve specific purposes. It requires four controls to roam around. The remaining eight controls can be configured to serve other purposes, with some modifications in the source program of microcontroller.

REFERENCES:
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