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chapter 1                                                                                                                 Introduction                                           

1.1 Introduction:

Since the beginning of the oil crises, which remarkably influenced power development programs all over the world, massive technological and research efforts are being concentrated in the field of renewable energy resources. In the solar sector for electricity generation, greater attention is being given to photovoltaic conversion .Energy, solar generators are the only systems which directly convert sunlight into electric power. 
And we intend in this project to :

· Give introduction to some of the current applications on the solar system.

· Make a practical application and describe it.

· Determine the solar cell parameters.

· Make conclusion and recommendations gathered from our practical project and the problems we faced.

1.2 objectives:
· We mean to design a PV  powered system which enable the consumer to charge up the 12 V  lead-acid batteries and to supply any low DC load.
· This project has advantages for the environment by using the solar power energy .
· Also we need to develop ourselves in the electrical fields specially in power , electronics and control using PIC-C.
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1.3 Features:  
1. Charge any rechargeable battery 12V,24 V by using  such PV generator .it depends upon the lead acid battery we use . 
2. Supply any low dc load using the PV generator.
3. To use the solar energy widely.
4. Use the charge regulator to limit the current and to avoid the battery overcharge and deep discharge.
5. Displays charging status using LEDs in our project.
6. Polarity checking : the current will not pass from the PV module to the battery if the polarity isn’t correct.

1.4 Advantages and Disadvantages for using solar energy:
· The advantages: 
· Solar energy is a renewable resource.
· Solar cells are totally silent.

· Solar energy is non-polluting.

· Require very little maintenance.

· Solar powered products are very easy to install.

· Reliability.

· The disadvantages:

· Solar cells/panels, etc. can be very expensive.
· Solar power cannot be created at night.         
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2.1 Solar Cells
 The most common material used in solar cells is single crystal silicon. Solar cells made from single crystal silicon are currently limited to about 25%  efficiency because they are most sensitive to infrared light, and  radiation in this region of the electromagnetic spectrum is relatively low in energy. 
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        Single crystal solar cells

   2.2 How photovoltaic cells work
Photovoltaic is the other name for Solar cells, photovoltaic cells are responsible for producing energy out of sun light it receives. Photovoltaic or solar cells are made of special materials which are semi-conductors. These semi-conductors produces electricity when sun light is falls onto its surface. Solar electric cells are simple cells to use, they are do not require anything but sun light to operate, they are long lasting , reliable and easy to maintain. Normally solar panels life time is twenty five years. 

Like all semiconductor devices, solar cells work with a semiconductor that has been doped to produce two different regions separated by a np- junction  . Across this junction, the two types of charge carrier – electrons and holes – are able to cross. In doing so, they deplete the region from which they came and transfer their charge to the new region. This migration of charge results in a potential gradient , down which charge carriers tend to slide as they approach the junction. 
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 2.3 Solar cell modules
The simplest solar cell model consists of diode and current source connected  in parallel. the source current is directly proportional to the solar radiation. Diode represents PN junction of a solar cell. The equation which represents the ideal solar cell model, is: 
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          Ideal solar cell equivalent cct
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Thermal voltage VT  can be calculated with the following equation:
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Real Solar cell model with serial and parallel resistance Rs and Rp
The working point of the solar cell depends on load and solar insulation.  Very important point in I-V characteristics is Maximum Power Point - MPP. In practice we can seldom reach this point, because at higher solar insulation even the cell temperature increases, and consequently decreasing the output power. As a measure for solar cell quality fill-factor - FF is used. It can be calculated with the following equation: 
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2.4  Some definitions of certain properties of cells which are commonly used in industry and in the study of photovoltaic systems:

2.4.1 Peak Power:
Peak power refers to the optimal power delivered by the cell for an insulation of 1KWm² and a junction temperature of  25̊C.
2.4.2 Conversion Efficiency:
The conversion efficiency is the ratio of the optimal electric power (P0pt) delivered by the PV module to the solar insulation ( Ee) received at a given cell temperature (T). the typical values for the conversion efficiency is are 12-14% for a single-crystal silicon cell and 9% for a polycrystalline silicon solar cell.
2.4.3 Fill Factor (FF):
The fill factor is the ratio of the peak power to the product  Isc * Voc .

FF=( I max*V max) / (Isc* Voc)

The fill factor determines the shape of the solar cell I-V characteristics. Its value is higher than 0.7 for good cells. The series and shunt resistances account for a decrease in the fill factor. The fill factor is a useful parameter for quality control tests.
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2.5 Types of photovoltaic cells:
There are many types of solar cell technologies which are under development, but three of them are most commonly used, these technologies are monocrystalline silicon, polycrystalline and amorphous photovoltaic solar cell technologies. These cells are integrated to other solar power plant components to make electricity available. 
2.5.1 Mono Crystalline solar cell :                                         
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     *standard conditions:

· VOC=0.62 V

· ISC=3.4 A /100 cm3
· FF=70-75%

· ζ=10-15%
Monocrystalline solar cells  are made from a large crystal of silicon. These type are the most efficient as in absorbing sunlight and converting it into electricity, however they are the most expensive. They do somewhat better in lower light conditions than the other types of solar cells .
2.5.2 polycrystalline solar cell
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            *Standard condition:
· VOC=0.62 V               
· ISC=3.4 A

· FF=70-75%

· ζ=10-15%

Polycrystalline solar cells
Polycrystalline solar cells are the most common type of solar cells on the market today. They look a lot like shattered glass. They are slightly less efficient then the monocrystalline solar panels and less expensive to produce. Instead of one large crystal, this type of solar panel consists of multiple amounts of smaller silicon crystal.
2.5.3 Amorphous solar cells (thin film silicon):
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        *Standard conditions:
· VOC=0.7                        
· ISC=2A

· ζ=7%
·  FF=65%
Amorphous solar cells
Amorphous solar cells consist of a thin-like film made from molten silicon that is spread directly across large plates of stainless steel or similar material. These types of solar panels have lower efficiency than the other two types of solar panels, and the cheapest to produce. One advantage of amorphous solar panels over the other two is that they are shadow protected. That means that the solar panel continues to charge while part of the solar panel cells are in a shadow. These work great on boats and other types of transportation
Due to the amorphous nature of the thin layer, it is flexible, and if manufactured on a flexible surface, the whole solar panel can be flexible. 
Most cells produce a voltage of about one-half volt, regardless of the surface area of the cell. However, the larger the cell, the more current it will produce.

Current and voltage are affected by the resistance of the circuit the cell is in. The amount of available light affects current production. The temperature of the cell affects its voltage. Knowing the electrical performance characteristics of a photovoltaic power supply is important. 
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3.1 photovoltaic array and #of cells:

The output voltage of a module depends on the number of cells connected in series. Typical modules use either 30, 32, 33, 36, or 44 cells wired in series.

To get full charge of 12V battery at standard condition we  can use the following:

· PV module of monocrystalline solar cell which consist of 36 cells at standard condition.
· PV module of polycrystalline solar cell which consist of 40 cells at standard condition.
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3.2 Describing Photovoltaic Module Performance:
To insure compatibility with storage batteries or loads, it is necessary to know the electrical characteristics of photovoltaic modules .As a reminder, "I" is the abbreviation for current, expressed in amps. "V" is used for voltage in volts, and "R" is used for resistance in ohms.

A photovoltaic module will produce its maximum current when there is essentially no resistance in the circuit. This would be a short circuit between its positive and negative terminals.

This maximum current is called the short circuit current, abbreviated I(sc). When the module is shorted, the voltage in the circuit is zero.

Conversely, the maximum voltage is produced when there is a break in the circuit. This is called the open circuit voltage, abbreviated V(oc). Under this condition the resistance is infinitely high and there is no current, since the circuit is incomplete.

These two extremes in load resistance, and the whole range of conditions in between them, are depicted on a graph called a I-V (current-voltage) curve. Current, expressed in amps, is on the vertical Y-axis. Voltage, in volts, is on the horizontal X-axis.
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                              Figure: cell solar I-V characteristics
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As you can see in previous  Figure, the short circuit current occurs on a point on the curve where the voltage is zero. The open circuit voltage occurs where the current is zero.

The power available from a photovoltaic module at any point along the curve is expressed in watts. Watts are calculated by multiplying the voltage times the current (watts = volts x amps, or W = VA).

At the short circuit current point, the power output is zero, since the voltage is zero.

At the open circuit voltage point, the power output is also zero, but this time it is because the current is zero.

There is a point on the "knee" of the curve where the maximum power output is located. This point on our curve is where the voltage is 17 volts, and the current is 2.5 amps. Therefore the maximum power in watts is 17 volts times 2.5 amps, equaling 42 watts.

The power, expressed in watts, at the maximum power point is described as peak, maximum, or ideal, among other terms. Maximum power is generally abbreviated as "I (mp)." Various manufacturers call it maximum output power, output, peak power, rated power, or other terms.

The current-voltage (I-V) curve is based on the module being under standard conditions of sunlight and module temperature. It assumes there is no shading on the module.
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3.3 Effect of solar radiation on the current-voltage characteristics of a solar cell:

As G Increases Isc increase.         (G ~ Isc)
Standard sunlight conditions on a clear day are assumed to be 1000 watts of solar energy per meter square (1000 W/m2or lkW/m2). This is sometimes called "one sun." or a "peak sun." 

 Less than one sun will reduce the current output of the module by a proportional amount. For example, if only one-half sun (500 W/m2) is available, the amount of output current is roughly cut in half (see the figure below).
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                A typical current voltage curve at one sun and at one half sun.
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3.4 Effect of temperature on the current-voltage characteristics of a solar cell:


[image: image9]
Temperature affects the characteristic equation in two ways:
Directly, via T in the exponential term and indirectly via its effect on( Io )  (strictly speaking, temperature effects all of the terms, but these two far more significantly than the others).

While increasing T reduces the magnitude of the exponent in the characteristic equation, the value of Io increases exponentially with T.
The net effect is to reduce Voc linearly with increasing temperature.

The magnitude of this reduction is inversely proportional to Voc; that is, cells with higher values of Voc suffer smaller reduction in voltage with increasing temperature
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The last significant factor which determines the power output of a module is the resistance of the system to which it is connected. If the module is charging a battery, it must supply a higher voltage than that of the battery.

If the battery is deeply discharged, the battery voltage is fairly low. The photovoltaic module can charge the battery with a low voltage, shown as point #1 in Figure below. As the battery reaches a full charge, the module is forced to deliver a higher voltage, shown as point #2. The battery voltage drives module voltage.
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A typical Current Voltage curve at different points.
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3.5 Photovoltaic Arrays:

In many applications the power available from one module is inadequate for the load. Individual modules can be connected in series, parallel, or both to increase either output voltage or current. This also increases the output power.

When modules are connected in parallel, the current increases. For example, three modules which produce 15 volts and 3 amps each, connected in parallel, will produce 15 volts and 9 amps
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Parallel Connection
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The relations between the radiation "G" and the maximum power "Pmax" and the short circuited current "Is.c" and the open circuit voltage "Vo.c":  
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 4.1 Introduction:

The solar charge regulator main task is to charge the battery and to protect it from deep discharging. Due to overcharging electrolyte boiling could occur causing damage to the battery or even its destruction. Deep discharging could also damage the battery. Charge regulator electronics is most sensitive and crucial to assuring stable photovoltaic system operation. Charge regulator malfunctioning result in high maintenance cost including battery replacement. An important parameter to consider is charge regulator efficiency percentage. For small photovoltaic systems charge regulators from 5 A to 30 A are available. Some of them could be used in both 12 V and 24 V DC systems.
4.2 Types of charge regulator:
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4.2.1  Series and Shunt Voltage Regulators:
 There are two basic types of voltage regulators SERIES & SHUNT, depending on the location or position of the regulating elements in relation to the circuit load resistance. Figures  above  illustrates these two basic types of voltage regulators. In actual practice the circuitry of regulating devices may be quite complex. Broken lines have been used in the figure to highlight the differences between the series and shunt regulators.
4.2.2 The simplest switch on/off regulators:

Simple 1 or 2 stage controls which rely on relays or shunt transistors to control the voltage in one or two steps. These essentially just short or disconnect the solar panel when a certain voltage is reached. For all practical purposes these are not used , but you still see a few on old systems. Their only real claim to fame is their reliability - they have so few components, there is not much to break.

4.2.3 Pulse Width Modulation (PWM):

Quite a few charge controls have a "PWM" mode. PWM stands for Pulse Width Modulation. PWM is often used as one method of float charging. Instead of a steady output from the controller, it sends out a series of short charging pulses to the battery - a very rapid "on-off" switch. The controller constantly checks the state of the battery to determine how fast to send pulses, and how long (wide) the pulses will be. In a fully charged battery with no load, it may just "tick" every few seconds and send a short pulse to the battery. In a discharged battery, the pulses would be very long and almost continuous, or the controller may go into "full on" mode. The controller checks the state of charge on the battery between pulses and adjusts itself each time.
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4.2.4 Maximum Power Point Tracker Solar Charge Controller
A basic charge controller simply performs the necessary function of ensuring that your batteries cannot be damaged by over-charging, effectively cutting off the current from the PV panels (or reducing it to a pulse) when the battery voltage reaches a certain level. 

A Maximum Power Point Tracker controller performs an extra function to improve your system efficiency. 

The efficiency loss in a basic system is due to a miss-match between voltage produced by the PV panels and that required to charge the batteries under certain conditions. 
A 12 volt battery will require up to about 14.4 volts to fully charging it. When the battery being charged is in a fairly low state, its voltage (under charge) may only 12 volts. 
Our PV panels, which we refer to as 12 volt panels, need to be able to charge the batteries on a bright day (not only in full sunshine) so are designed to produce at least 12 volts in those conditions. In bright sunshine hover, these panels may be cable of producing 19.5 volts. In-fact, they are likely to produce their rated output power (volts x amps) at 18 - 19 volts. 
When the battery is at 12volts, it will be pulling the panel voltage down to 12 (assuming no voltage drop in your cables). This results in the panels producing significantly less than their rated output and therefore there is a loss in efficiency.
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5.1 storage batteries in PV power system:
Storage batteries are indispensable in all PV power system.
Their efficiencies and life time affect significantly the overall PV system performance and economics .Batteries specified specially for use in PV systems have to be distinguished with standing of very deep discharge rate and high cycling stability .

With respect to reliability and cost of stands alone PV power systems , storage batteries represents  main and important components .storage batteries provide the PV system with advantages such as ability of providing energy during night time and sunless periods ,ability to meet momentary peak power demands and stabilizing the system voltage. Capability of standing very deep discharge and over charge, high cycling stability , high charging efficiency and long life time .

The PV generator is neither a constant current nor a constant voltage source . the maximum power output of the generator varies according the solar radiation and temperature conditions.

5.2 Battery Types

The tow battery types that have been used for PV systems are lead-acid and nickel-cadmium . Due to higher cost  lower cell voltage (1.2 V) lower energy efficiency and limited upper operating temperature (40oC), nickel-cadmium batteries have been employed in relatively few system. Their use is based mainly on their long life with reduced maintenance and their capability of standing deep as storage device in the near future ,especially in PV systems of medium and large size. It is a lead/ sulfuric acid-lead dioxide electrochemical systems, whose overall reaction is given by the following equation :

Pb + PbO2 + 2H2SO4   → 2PbSO4 + 2H2O
The nominal voltage of a lead-acid cell is 2V , while the upper and lower limits of discharging and charging open circuit voltage at 25oC cell temperature are 1.75 and 2.4 V , which corresponds to 10.5 and 14.4 V for 12Vbattery . the maximum acceptable battery cell voltage decreases linearly with increasing cell temperature.
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5.3 storage capacity and efficiency 

Batteries are commonly rated it terms of their ampere-hour(Ah) or watt-hour (Wh) capacity . Ah capacity is the quantity of discharge current available for a specified length of time valid only at a specific temperature and discharge rate .  In addition  the  Wh capacity or energy capacity is the time integral of the product of  discharge  current  and voltage from full charge to cutoff voltage. Battery capacity increases about 1% for every 1oC increase in temperature . lower temperature result in decreasing the capacity due to slower chemical reactions.

Therefore batteries have to be connected to the output of the PV generators and the load via a charge controller to protect the battery against deep discharge and excessive overcharge.  
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6.1 Block Diagram:


[image: image16]
        6.2  The main parts in this project are:

· The solar panel: we use an amorphous type 25 cells connected in series. Which has an open circuit voltage equal to 19.4 V and maximum short circuit current equal to 0.4 Amp .

· The regulator : we built a PWM regulator and we use a lot of small electronics devices like 

· Semiconductors diodes : is created by simply joining n-type and p-type materials together in order to allow the current to flow in one direction only . the same direction of the positive voltage region .
· Zenner diodes: the same as the semiconductor diodes but the current increase at a very rapid rate in a direction opposite to that of the positive voltage region .
· LEDs: emit light in the infrared zone . so it work as an indicator for sth .
· Transistors : work as a switch which allow the following of the current a cording to the applied voltage between the base and the emitter . npn need a positive applied voltage to work but the pnp need a negative one .
· Comparator : compare between two input signals .

· NAND gates : work as a pulse oscillators for the purpose of testing

· Capacitor banks : to protect against noise .
· Fuses : to protect against the short circuit current .
· Relays : for the controls purpose
· PIC: programmable integrated circuit .
· Low DC load . 
· Lead acid battery : 12V , 7Ah
	

	


6.3 The procedure of work :
6.3.1 The comparators (LM741CN)
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• Short circuit protection

• Excellent temperature stability

• Internal frequency compensation

• High Input voltage range

In our circuit the main function of the comparator is to compare between the two input voltages if there are equal the output voltage will be zero and no current will not  pass to the next device . so its control the switching of the transistors.
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6.3.2 BUZ100L : SIPMOS Power Transistor

• N channel
• Logic Level

• Ultra low on-resistance

• 175 °C operating temperature
In our circuit we use it as a switch to connect the battery directly to the solar panel  when the battery voltage is less than 14.4 volt . or disconnect it when its reach 14.4 volt ,in order to protect the battery from deep discharge or overcharge .  
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· 6.3.3 NAND gates (MC74AC00N)
· Output Drive Capability: ± 24 mA

· Operating Voltage Range: 2 to 6 V 

· Low Input Current: 1.0 µA
N1 & N2 are utilized as pulse oscillators for the purpose of testing.they send a short voltage pulse with a wavelength of 15 every 14 second . to control the  switch of transistors.
6.4  The circuit diagram
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6.5  Procedure of work:

· When the voltage is lower than 14.4V the comparator (IC3) allows a high negative output signal to switch on the PNP transistor (Q1), so a current will flaw from the emitter to the collector which in turn switches on the BUZ15 transistors. This means that the battery is directly connected to the solar generator.

· the battery voltage increase until it reaches the 14.4 V value. At this voltage, the transistor (Q1) will be switched off, thus no current will flow between the emitter and the collector of this transistor, and as a result the solar generator will be disconnected from the battery.

·  since the two MOSFET transistors will be switched off. When the battery voltage reaches 14.4V, the green light emitting diode (LED1) will switch on to give an indication that the battery has been fully charged.

· N1 and N2 from the NAND gates are utilized as pulse oscillators for the purpose of testing. They send a short voltage pulse with a wavelength of 15 mm every 14 seconds (1:933 from the normal operating period).
·  In this short period, transistor Q2 will be switched on, and a current will flow from the emitter to the collector of Q2, so, the voltage difference between the base of Q1 and the main voltage source (+S) will be zero, which means that Q1 and the two MOSFET transistors will be switched off.

·  then the comparator (IC2) compares the battery voltage with the open-circuit voltage of the solar generator.

· If the voltage of the solar generator is higher than the voltage of the battery, the output voltage of the comparator will be applied to (N4), (N3) and the base of (Q2). 
· As a result the current flow from the emitter to the collector of (Q2) will be interrupted. This means that the charging process will continue.
· The main objective of using the pulse generator is to control the voltage of both the solar generator and the battery continuously.
·  So, at night and at no-sun period, this pulse oscillator will switch off the two MOSFET transistors since the battery voltage is higher than that of the solar generation. In this case, there is no need for utilization of the Scotty diode to prevent the battery discharging via the solar generator at night, which means that no energy will be lost in this diode during the charging process. However, the energy consumed during the testing period is neglicable.
· The objective of the comparator (IC5) is to control the battery voltage during the discharging mode. Using the potentiometers (VR3, VR4, VR5), it is easy to adjust the voltage at which the load is disconnected from the battery, and the voltage at which the load is reconnected to the battery. In this controller the load is switched off when the voltage of the battery drops to 10.5 V, and then switched on again when the battery recharged to 11.7 V. However, this present values can be adjusted according to the specifications given by the batteries manufactures.

In the circuit shown in fig 1 there is two MOSFET transistors were utilized instead of one for the following tasks:
· To make the prevention of the battery discharging via the solar generator as strong as possible (in this controller, the battery discharging current via the solar generator at night equals 50 micro ampere).

· The temperature of the two transistors, due to the voltage drop across them, is divided equally between them.

· Increasing the reliability of the controller since one transistor can perform the task of the other in case of its failure.

· This arrangement protects the controller from failure whether it is connected to the solar generator first or to battery.

6.6 Features of The solar battery chargers : 
· Protects battery against overcharging: the unit controls the charging current via a regulated impulse, thus preventing harmful overcharging.

· Protect the battery against deep discharging: the unit controls battery discharge by means of bitable load relay.
· If the battery charge drops below a predetermined voltage threshold, the relay automatically disconnects the load, this is indicated by a red (LED).

· The controller is equipped with a built-in voltage regulator ,which means that the system can also be used to power smaller load appliance with varying operating voltages ranging from 3-12V.

· The power consumption of this unit is very small: the circuit consumes only 12mA increases to about 20 am when one of the LEDs is switch on. Also the relay consumes 50mA during load disconnection.

· The two MOSFET transistors are situated on a heat –sink to reduce the temperature of these transistors.

· The controller is protected against high voltages of the solar generator, this means it doesn’t matter whether solar generator or the battery is connected first to the controller.

· The unit is protected against battery reverse polarity via a diode (D4).

· The input of the unit is protected against the high abrupt via two sneer diodes (ZD5, ZD6).

· The unit is protected against noise via two capacitors (C2, C3) which prevent low and high frequencies from entering the circuit of the controller.
· Load is protected against short circuit by a fuse.

6.7 Results:

In order to test the constructed charge regulator, a PV has only 25 PV cells connected  in series , hence the open circuit voltage of it was limited to only 19.4 volt .unfortunately a PV module of 36 monocrystalline cells could not be obtained .This type would be more appropriate for testing the charge regulator since it has an open circuit voltage of 20.88 volt
6.7.1 Test we make to find IV –characteristics of a solar cell

	Resistance "R"
	Current "I"
	Voltage "V"

	0
	401.7
	0

	10
	384
	1.92

	20
	379
	3.85

	30
	370
	5.12

	40
	365
	6.02

	50
	360
	6.9

	60
	353.5
	7.5

	70
	350.2
	8.61

	80
	350
	10.4

	90
	349.8
	11.3

	100
	305
	15.4

	>>
	0
	19.1


We use a solar cell and connect it  with a variable resistance  then we change R and take the readings of V AND I. as the following:
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6.7.2   calculations:
In our project we found some factors like the FF and efficiency 
The Imp = 350 m A and the Vmp =15 volt

So the max power point = 15*.350= 5.25 watt.

The Fill Factor:

FF= (Imp*Vmp)/ (Is.c*Vo.c)

     = (15*.350)/ (19*.4) = 70%

The efficiency:
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= P.opt/ A.Ee

    =5.25/ 0.3*0.3*950 =6.1%

The project was tested in a radiation with 950 W/m2 and the results were as the following:
	Vpv (V)
	Ipv (am)
	Vbatt. (V)
	Ibatt.(am)

	17.1
	328
	12.6
	323

	14.9
	302
	12.9
	296

	14.1
	298
	13.01
	289.6

	13
	275
	13.27
	270


6.8 Problems we have faced:
1- The output voltage was about 15 volts, and when we added the PIC we noticed that its input is 5 volts maximum so we solve this problem by using a voltage regulator.

2- The radiation from sun was different from day to another. So we tried to get the best angel and the best time to make our tests.

3- The output from the PIC was digital signal so we used a DAC to convert the digital signal to analog again.

4- The output from the DAC was just about 5 volts maximum so we used Op-amp IC741 to amplify both the current and the voltage.

5- The wires we used first were the thin wires so when the current passed these wires got hotter. so we used wires with cross sectional area of 2.5 mm2.
6.9  The applications for our project:

1- Our project is suitable with larger batteries or set of batteries for huge companies to use the batteries as Stand by source.

2- Use this project in cars and plans and ships to supply these vehicles with the needed electricity.

3- Use this project in supplying the Wind turbine with initial electricity.

4- We can also use this project in water pumping.

5- Telecommunications systems and companies will use this project for the equipments as load by using the same project but with larger PV Panels. 

6- Also we can use it in Ocean Navigation and in lighting systems. 
Appendix:
We use the PIC circuit to control our project as the following .


This figure show the ASM chart that we follow to write our code to control our circuit to work as we described before .


	

	




The program of the PIC is:

#include "E:\raed\ff.h"

float x,y,y1,x1;

void main()

{
   setup_adc_ports(AN0_AN1_VREF_VREF);

   setup_adc(ADC_CLOCK_INTERNAL);

   setup_psp(PSP_DISABLED);

   setup_spi(FALSE);

   setup_timer_0(RTCC_INTERNAL);setup_wdt(WDT_2304MS);

   setup_timer_1(T1_DISABLED);

   setup_timer_2(T2_DISABLED,0,1);

   setup_comparator(NC_NC_NC_NC);

   setup_vref(FALSE);
   set_adc_channel(0);

   delay_ms(.01);

   x=read_adc();
   x1=x*5/255;

   set_adc_channel(1);

   delay_ms(.01);

   y=read_adc();

   y1=y*5/255;

   if(x1>4.340277 && y1>3.645833 && y1<4.166666)

   {
   output_low(pin_b0);

   output_d(x);

   }
   if(x1>4.340277 && y1>4.166666 && y1<5.000000)

   {
   output_low(pin_b1);

   output_d(x)
}\
Pictures show what we do:
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Specifications:

· 12V 7.2 Ah at 20HR Rate

· Length 5.95 in.

· Width 2.56 in.

· Height 3.71 in.
 THE END
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