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2.	Abstract
In this report, the research needed to understand the development process will be covered and will range from commonly used batteries and solar panels to the methods used for charge them as well as the different components that can be included within a charge regulation circuit. There will also be further research discussing other additions such as a microcontroller to monitor temperatures, voltage and current for further control.
This report will cover the steps taken to develop the circuit design along with the construction of the physical circuit. Each design decision from the choice of battery, charging method, power source and components will be covered and justified. 
The physical circuit will be tested for estimated and actual values such as the total power transfer from source to battery, total power generated from the source and rate of charge.
Finally, the results obtained from the physical circuit as well as the project will be summarised to see how much progress was made. This will be done by summarising the data recorded from testing and comparing with what was expected. The results will then be used to reflect on the project to analyse what did and did not go as planned, and any possible improvements will be suggested.
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3.	Introduction
There are millions of devices equipped with rechargeable batteries that can be recharged using several methods such as using the accompanied wall socket adapter or connecting to a desktop PC. This gave way to the introduction of portable battery banks whose main purpose is to hold charge for when there is no accessible way to recharge their device. 
This increasing demand for an accessible way to charge a device provides a good opportunity to see how it is possible to develop a solution which achieves this. 
These battery banks are made using rechargeable batteries alongside a charging circuit built to regulate the voltage and current when recharging. The battery packs are also built to be portable by aiming for a small form factor and making them lightweight.
The developed solution will use these similar characteristics but will also implement the use of solar power as the main way of recharging the battery pack as it aids in making the solution portable and eliminates the need for extra cables.

3.1.	Aims & Objectives
The aims and objectives show what needs to be achieved to develop a solution which collects and stores power using solar. The additional aims and objectives are features which will be investigated and will be implemented once the main functionality is achieved.
The aims and objectives for this project include:
· Investigate and research existing solutions
· Investigate and research the major components & techniques used
· Develop a prototype which generates power using only solar panels
· Store the generated power using a rechargeable battery
· Monitor and regulate the charge to prevent overcharge using a PIC
· Implementing an LCD system to show the current state of charge
· Monitor the temperature of the battery to prevent overheating



                4. Project Plan


This section will detail how time was allotted to each task of the project. This will be shown using the Gantt Chart generated showing each task, the estimated time needed to complete each task as well as the overall timescale of the project from start to finish.




The project will be broken down into separate tasks to appropriately manage the time given so that each task can be completed. If a task requires more time, this will be reflected upon towards the end of the report and will be shown in the revised Gantt chart. Below is a series of Gantt charts which shows how the time was allocated along with how the project plan has changed throughout the project. 


Figure 1: Gantt Charts showing changes in Time Allocation


        5. Project Research


This section will cover all the background research that has been done to gain a detailed understanding of the underlying principles behind each major component.  Other examples from those who have done similar research or those who have undergone a similar project will be referred to when appropriate. 




5.1.	Solar Panels
[image: solar trackers]A Solar panel is a photovoltaic surface which produces a voltage in relation to the intensity of light projected onto the surface. This property makes solar panels a useful renewable energy resource as they can be incredibly lightweight and are mountable to almost any surface with little to no maintenance needed, but can be relatively expensive per square meter as a large area is required if they are used as the main power supply due to the low milliamp hours produced.[1]

[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCache\Content.Word\howsolarcellworks.png]A solar panel produces energy when photons from the sun passes through the two silicon layers on the solar panel. These layers are of opposite polarities with the negative layer residing on top of the positive layer. When a photon reaches the bottom layer, 
it releases the potential energy collected from the above layer. This energy is then taken by the electrons in order to pass through to the top layer again and out to 
the terminals, back to the bottom layer. 
Figure 2: Operation of a Solar Cell [2]

Compared to other renewable energy resources, solar panels are very versatile as they can be used to store excess power for later use such as during night time hours when the demand for power is low or the power grid is under heavy strain, making them a useful secondary source for power.
Solar panels are a common application for mass power collection as they produce a self-regulated DC current in relation to the load. This means that the array will produce a steady, reliable current depending on the total load resistance. This also means that the solar array in theory could be directly connected to the battery as the power does not need to be converted to AC using an inverter.


An article by “H. Ahmet AKDENIZ” [3] shows that there is an increasing power demand as time passes and that renewable energy such as solar must be used alongside other solutions to meet this demand. This demand mainly comes from homeowners who use appliances which require large amounts of power such as kettles, washing machines, electric cookers, etc. The high demand would require a very large array of solar panels for them to reliably function. This information shows that it would not be conceivable to use the battery pack for this purpose as it would not be equipped to handle the demand. The battery pack is far more suited to devices with lower demand and those that can be charged over substantially long periods of time such as mobile phones.
[image: ]
Figure 3: Table showing average radiation collected against time of testing. [3] (p.248, Graph #2)
One of the findings collected by “H. Ahmet AKDENIZ” [3] shows the overall radiation collected from the sun during the day from January to December. The above table shows that the best time for generating and storing solar power is during the hours of 10am to 3pm and preferably during March to October as there is a significant rise and fall respectively at these boundaries. This information can be used to plan when to best undertake the experiments needed to demonstrate the constructed prototype further into the project.

5.2. Charging Circuits
All charging circuits involve using an unregulated power source to supply or charge a device. The circuit to charge a device can be as simple as connecting the proper terminals from the source to the load with no components in between if the output is suitable. However, in most cases, the power first needs to be converted from AC to DC and have the voltage or current regulated to not overload and damage the device.
[image: full wave rectifier]For some solutions, the power from a wall socket is used and is converted from AC to DC using a Full Bridge Rectifier. This conversion is necessary depending on if the load device requires an AC or DC source as they are not interchangeable. However, because solar panels act as a variable DC voltage source, a full bridge rectifier is not needed for conversion.Figure 4.1: Full Bridge Rectifier Circuit [5]

[image: http://www.circuitstoday.com/wp-content/uploads/2011/04/LM317-typical-adjustable-regulator-ckt.png]To adjust the voltage, a voltage regulator can be used to regulate the voltage levels going to the load. A webpage on LM317 regulators [6] shows that an adjustable voltage regulator such as the LM317 can be used to adjust the percentage of voltage allowed to pass through, like a potentiometer. The percentage is adjusted by placing a voltage reference at the Adjust pin of the IC using a potential divider from two resistors.  The input and output are also filtered by two capacitors to remove any noise present within the signal.Figure 4.2: Typical LM317 Setup [6]

[image: SMPS-transistor-off.gif][image: SMPS-transistor-on.gif]To adjust the current, a step-down converter, also known as a Buck converter, can be used to lower the voltage and increase the current. This is a trade-off made when using buck converters. A webpage on Buck converters [7] discusses how they operate by directing the flow of current through an inductor to generate an electromagnetic field as shown in the diagram. This EMF continuously expands until the flow of current is terminated by using a switch such as a bipolar transistor. When this occurs, the EMF collapses and generates enough voltage for current to flow for a short duration. By doing this, the polarity of the inductor and the diode are switched, allowing for current to flow around the circuit which will then be supplied by the capacitor as it is discharging.

Figure 4.3: Buck Converter Operation [7]

[image: boost-converter-cct02.gif][image: boost-converter-cct01.gif]If more voltage is required, step-up converters, also known as boost converters, can be used to obtain more voltage by lowering the current. This is a trade-off made when using boost converters. A webpage on Boost converters [8] discusses how when the FET is switched on, it allows current to take the shortest path which is back through the minus input terminal as shown in the diagram. This builds an electromagnetic field around the inductor which will then collapse when the FET is switched off. When this occurs, the EMF collapses and releases the stored energy back into the circuit and allows for current to flow to the load. This current is supplied by the collapsed EMF as well as the DC input, giving an increase in voltage in exchange for loss of current during the creation of the EMF.Figure 4.4: Boost Converter Operation [8]

There are also additional components that can be used to make the charging circuit more sophisticated such as using a microcontroller to detect the voltage levels of the source and the load. This is useful as it can be used to accurately control the charging current when using BJTs or FETs as a switch. Other components such as thermistors can also be used to measure the temperature of the battery by creating a reference voltage which changes with the temperature. This is useful when the temperature of the battery can reach high levels and can be used to turn off the circuit to prevent overheating.
Depending on the components selected, a charging circuit can be entirely analogue or use digital components. Analogue systems are useful as they can be relentlessly adjusted to give a perfect output. However, most analogue systems are relatively expensive due to the quantity of components used. Digital systems are more common and are usually more reliable as they are user friendly and are easy to implement in most setups. Digital systems can also come equipped with smart features such as temperature detection to decide which charging mode is most suitable for the connected load. These digital systems are referred to as MPPT systems as they aim to obtain the Maximum Power Point Transfer from the power supply to the load.
All the previously mentioned circuits and components can be used with each other depending on the desired output and features needed in order to create the most suitable charging circuit. Because of the various options, there are many ways to adjust the charging circuit to suit the needs of the user. This means that there is several ways to solve a problem and that there is no fundamental circuit that should always be used.
5.3. Charging Methods
There are many different methods to charge a battery, all of which are best suited to different situations. To identify the most suitable charging method, the battery type as well as the available voltage and current from the power source need to be known. 
As well as charging the battery, stabilising and knowing when to terminate the charge are also important factors to consider. 
Examples of common charging methods include:
· Constant Voltage – This method involves applying a straight voltage from the source, usually through a step-down transformer so the battery is not overloaded. This is one of the simplest methods and is mainly seen used in lithium-ion chargers.
· Constant Current – This method involves varying the voltage of the charging current so that a constant current is maintained. This is mainly seen used in nickel-based chargers such as NiCd and NiMH.
· Pulsed charge – This method involves using timed pulses with varying width to charge the battery. These pulses are accurately controlled and include resting periods in between each pulse to allow for the chemical reaction to settle within the battery, lowering the risk of damage. This method can be used to recharge primary cells as it allows for the reaction to settle and lowers the chances of overheating.
· Burp Charge – This method is used in conjunction with Pulse charging and involves applying a negative pulse during the resting period to discharge the battery. This discharge is very small and is used to accelerate the settling of the chemical reaction in the battery.
· Trickle Charge – This method involves applying a chopped charging current to the battery after the termination voltage has been reached. This is achieved by quickly terminating and applying the charging current so that it resembles a PWM signal. The rate at which this occurs depends on the total voltage drop as well as the rate at which this occurs. This is done to rectify the charge lost after the termination voltage is reached.
· Float Charge – This method involves permanently connecting the battery in parallel to the voltage source, which is held below the upper voltage limit to avoid overloading. This is mainly used with lead-acid batteries as they can hold very large amounts of charge which can be used during emergencies such as power failure.
As well as considering the correct method of charging, how the charging current is terminated also needs to be considered. This involves monitoring the load to detect either the termination voltage or when the battery is at risk of overheating. To detect the termination voltage, the voltage of the battery is monitored until it reaches the rated voltage for full charge. Once this point is reached, the charge is then terminated.
To monitor the battery temperature, a sensor such as a thermistor can be used so that if the battery reaches the upper threshold of a safe temperature, the charge is then terminated to allow for the chemical reaction to settle and to let the battery cool. 

After termination, it is possible that a voltage drop will occur within the battery. While this can prove troublesome, it is also useful as it allows for full charge to be detected by looking for the voltage drop. This phenomenon is known as Negative Delta V. 
Negative Delta V mainly occurs with nickel-based batteries and involves a small but noticeable voltage drop once the battery is fully charged. Once this occurs, the temperature of the battery can rise rapidly as any charge applied is converted to heat. Because of this, most chargers use this as a sign to terminate the charging current. More sophisticated chargers use trickle charge when the battery is near full charge to lower the voltage drop that occurs.
[image: ]
Figure 5: Negative Delta V plotted against Charging Time. [9] (p.6, Fig. 2)
An application note from “ST Electronics” [9] discusses the rise in temperature in relation to negative delta V when looking at NiCd batteries. The above graph from the application note demonstrates that NiCd batteries can easily overheat if not monitored. This also demonstrates that using the negative delta V to detect if a battery is fully charged can have a noticeable effect on the performance of the battery due to the high temperatures as well as the memory characteristics of NiCd batteries. Because of this, trickle charging the battery before this occurs instead of using fast charge until the capacity has been reached is more effective at lowing the possible voltage drop that occurs and slows down the rise in temperature.


5.4. Rechargeable Batteries
Rechargeable batteries are secondary cells which can hold charge for extended periods of time for later use. These types of cells are also able to be charged by passing current through the anode to the cathode of the cell. These two properties make them ideal power sources for portable products as they are reusable and can provide a very accessible way to store excess power. 
There are also Primary Cells, batteries which are not rechargeable. These cells are not able to withstand a current flow from anode to the cathode as the electrolyte becomes unstable and will result in overheating. While these batteries are not rechargeable, they can also hold much more charge than secondary cells and are more useful for applications that are long-lasting and to require fewer battery replacements/recharges.
[image: Lemon Battery]The battery is made up of a positive terminal called the Anode, the negative terminal called the Cathode and an electrolyte which holds the electric charge. The chemical reaction between the electrolyte and the terminals is what produces the power when charging and discharging the battery. 
Here is an example of how a battery is composed using a nail for the cathode, copper coin for the anode and a lemon with the lemon juice acting as the electrolyte. While this example would not be practical as it can only produce a volt and hold very little charge, it shows how electrical charge can be obtained from the chemical reaction taking place between the nail and the lemon.Figure 6: Example of how a Battery is constructed [10]

In order to recharge a battery, a current must flow in the opposite direction from the anode to the cathode. This restores the charge within the electrolyte. The recharge process can take relatively short or long periods of time depending on the type of battery but also on the rated voltage, total capacity and the charge rate being used. 
Each battery has a recommended charge rate, referred to as the C-rate, and a rated voltage which the battery should not exceed. These two values determine how long to charge the battery for as well as the current and voltage needed. For example, it an NiMH battery has a capacity of 2000mAh with a rated voltage of 1.5V, then a current of 200-400mA at 1.6 volts would be needed to recharge the battery up to the recommended values.
The C-rate for rechargeable batteries is flexible as any current up to the maximum capacity could be used depending with the time taken shortening as the current increases. However, using higher current comes with the risk of overheating as well as rapidly exceeding the total capacity if not properly monitored. 

A Book called “Batteries in a Portable World” [11] discusses the four common types:
· Lithium-Ion
· Nickel-Metal Hydrate
· Nickel-Cadmium
· Lead-Acid 
Lithium Ion batteries are one of the most efficient types of batteries on the market due to the power stored to weight ratio. These cells also discharge at a much lower rate than other nickel based batteries, extending the amount of time it can hold charge. The battery can power most devices outright as the nominal voltage of most cells is 3.5V or higher, lowering the cost in most systems by eliminating redundant components. These reasons make lithium ion batteries ideal for lightweight portable applications such as mobile phones.
However, these cells are relatively expensive and also come with the risks from overcharge as there is little overhead in terms of rated voltage level. There is also the risk of possible combustion from overcharging where harmful gases can erupt from the battery and cause a fire. This is especially dangerous with Lithium-based batteries as the lithium will react with water on contact and can enlarge the fire further. It is best to leave the battery burn itself out and leave it in an open area far away from anything flammable. 
Nickel-Metal Hydrate batteries are a variant which do not perform as well as they do not hold charge for long after full charge. Approximately 20% of charge is lost over the first 24 hours with a further 10% being lost after each consecutive month if not in use. Despite this, this battery was used to convert customers to use rechargeable batteries instead of other primary cells as they held more charge for longer periods of time while still offering the same amount of power and at the same price point.
Nickel-Cadmium batteries are an older, rugged type of battery that were very popular during the 80’s onward, being used for almost every application from radios to medical systems as it boasted higher capacities than the other standard batteries available. Nowadays, the NiCd is still used as it is more forgiving than lithium-ion in terms of charging and has a relatively high number of possible recharges with proper care and maintenance. This means that the battery needs to be regularly fully discharged as the battery may not be able to deliver the rated milliamp hours due to improper care and constant charging when there is still some residual charge left. Despite the need for a regular full discharge, the battery is relatively cheap and performs well under low temperatures and heavy load with little amounts of stress.
Lead Acid batteries are a cheap and relatively simple solution for applications that require a very high initial demand and long-lasting power source. These batteries are commonly found in motor vehicles and other large equipment because of these reasons. This is because the materials used, lead, lead oxide and sulfuric acid, being very easy to acquire and very cheap to purchase in bulk. These batteries are also able to hold relatively large amounts of amp-hours with the cost of permanently losing total charge capacity with each full discharge cycle. These batteries also take the longest time to recharge and are also incredibly heavy, making these batteries suitable 

5.5.	MOSFETs
MOSFETs are three-terminal transistors which conduct and allow current to pass through. Unlike other transistors such as BJTs that are controlled depending on the amount of current at the base terminal, FETs are controlled by changing the voltage present at the adjust terminal. Because of this, very little current is needed to operate a FET and can be operated by components with very little drive capability such as a microcontroller. 
It is also possible to use MOSFETs as a switch as many systems can rapidly change the amount of voltage applied to the gate terminal of a FET.
MOSFETs are very beneficial as they can operate as a fully closed or fully open switch.
This means that the component can either allow current to pass through with virtually zero resistance or completely block the flow of current from passing through. Because of this characteristic, MOSFETs are mainly used as switches to allow or block current when needed.
There are two types of MOSFET, both of which operate differently from each other as they allow for the current to flow in a specific direction depending on the type.
There are two types of MOSFETs. These are:
[image: N channel enhancement type MOSFET]N-Channel MOSFETs – This type of FET allows for a current to pass through from the drain to the source as long as a POSITIVE voltage is applied to the gate terminal as shown. 
These types of FETs are commonly known as NPN MOSFETs as this refers to the biasing of the three terminals. The negative voltage must be greater than the threshold voltage across the drain and source to be fully turned on. For example, if Vds was 5V, then Vgs would need to be 5V or higher.
Figure 7.1: N-Channel MOSFET operation [14]

[image: P-channel enhancement type MOSFET]P-Channel MOSFETs – This type of FET allows for a current to pass through from the source to the drain if a NEGATIVE voltage is applied to the gate terminal as shown. These types of FETs are commonly known as PNP MOSFETs as this refers to the biasing of the three terminals. The positive voltage must be greater than the threshold voltage across the source and drain to be fully turned on. 
For example, if Vds was 5V, then Vgs would need to be -5V or lower.Figure 7.2: P-Channel MOSFET operation [15]

As well as the MOSFET typing, there are also two different modes of operation that can be used with either type of MOSFET. These modes are Enhancement mode and Depletion mode and dictate if the MOSFET is on or off by default when the gate voltage is zero. 

[image: C:\Users\P140808\Downloads\Untitled.png]
Figure 7.3: Enhancement & Depletion symbols for MOSFETs [13]
Enhancement mode is where the MOSFET does not allow current to pass between the drain and source when the voltage present at the gate is zero. This means that the device is normally OFF and needs to be switched on to allow current to pass through. This is useful as it allows for more control and prevents an unintentional connection being made when a voltage is not present at the gate.
Depletion mode is where the MOSFET allows current to pass between drain and source when the voltage present at the gate is zero. This means that the device is normally ON and needs to be switched off to block all current from passing through. This is useful as it means that a voltage is not needed at the gate in order to allow for a current to pass and simplifies the overall circuit.

5.6.	Microcontrollers
Microcontrollers are programmable devices with many different features and capabilities that are used in nearly all embedded systems. All modern technology uses microcontrollers to carry out simple to complex tasks due to their small size, cheap manufacturing costs and immense potential. For example, an analogue system that performs basic mathematical calculations could be reliable and function as intended, but a digital system that uses a microcontroller could save on overall costs, PCB space, time taken to manufacture and perform much faster.
Microcontrollers can come with many different features and capabilities depending on the needs of the end user. The list of features includes but are not limited to:
· Set amount of Program Memory
· Set amount of RAM
· Set amount of EEPROM/HEF
· Number of available Pins
· Maximum CPU speed
· Internal Oscillator, Comparators, Operational Amplifiers, internal 8-bit and 16-bit counters
· Number of available A/D and D/A Channels
· Maximum A/D and D/A Resolution
· Number of PWM Outputs & Maximum PWM Resolution
· Features supported such as UART, SPI & I2C
· Internal Watchdog timer
Because of all the peripherals that microcontrollers come equipped with, they are often referred to as miniaturised PCs. This comparison is very accurate as the processing power along with the tools available can be very suitable for most tasks as it is incredibly cheaper to do so using a microcontroller rather than a desktop PC which can be very overpowering.
Microcontrollers are capable of being programmed to handle any tasks within their limits. For example, if there was sufficient program memory, the features needed were supported such as SPI and the tools were available such as 8-bit counters, then there would be no difficulty when using a microcontroller to handle the task. Microcontrollers are also traditionally much more reliable as they use no moving parts and allow for a completely digital embedded system to be made. 

A Journal Article by “Mrs Jaya N. Ingole” [16] discusses the use of a Microcontroller for use in a solar based charge controller to measure the voltage levels of the input and the load.
The diagram below from the journal article shows how an example circuit would be created by using a microcontroller to perform the task. As shown, the microcontroller can measure the voltages using the Analogue to Digital input pins available which are set to a suitable resolution. The microcontroller can then process and store this information as well as make a programmed decision such as displaying the total amount of charge of the battery cell to the connected LCD display using SPI and control the charging current by sending a high or low signal to the connected FET. 
[image: ]
Figure 8.1: Solar Based Charge Controller using a PIC Microcontroller [16]
This shows that a circuit using a microcontroller to perform calculations and make quick decisions is easily achievable and can be much more efficient than relying on analogue components to perform mathematic calculations due to component tolerances.
The example circuit used above is not the only way in which this can be achieved as the microcontroller can be used in nearly all configurations so long as the appropriate input and output pins are used. This is because of the wide array of included features and quantity of said features available when selecting a microcontroller.

Below is a flow chart from the journal article by “Mrs Jaya N. Ingole” [16] showing the steps taken by the microcontroller. Flow charts such as this can be used to create the program code that will allow the microcontroller to perform all these actions in sequence. The flow chart shows the complex sequence of events that must be accounted for when programming a microcontroller to ensure that there are no possible errors that could occur during operation such as the initialization of pins and connected components as well as setting suitable start and end points for a loop. 
[image: ]
Figure 8.2: Flow chart showing the steps taken by the Microcontroller [16]

5.7.	Step-Down & Step-Up Converters
Step-up and Step-down converters are both two types of DC-DC converters where higher voltages or larger currents can be achieved. Step-up converters, commonly referred to as a buck converter, can convert excess voltage for more current while step-down converters, commonly referred to as a boost converter, can convert excess current for more voltage.
Both of these make use of an inductor in order to generate an electromagnetic field.
This EMF is built up as the circuit is running, which then later collapses. This back EMF alongside the original voltage source gives the voltage or current needed at the output.
[image: Buck Converter Circuit Diagram]A buck converter operates by building up the EMF while delivering power to the load and charging up the capacitor. The buck converter is controlled using a MOSFET to cut off the voltage source from the load and forcing the EMF to collapse. 
When the MOSFET is switched ON, the current flows through the inductor, generating an EMF. It then charges the capacitor while passes through the load, towards ground. 
When the MOSFET is switched OFF, the EMF collapses. This generates a back-EMF pulse which briefly powers the circuit alongside any residual charge left in the capacitor. The back-EMF pulse also switches the biasing of the diode and the capacitor, allowing for the current flow to be redirected through the diode, creating a loop around the circuit. This allows for a higher voltage to be achieved at the output. 

Figure 9.1: Buck Converter [19]






A Boost Converter operates in a similar manner to the Buck converter as it also generates a EMF while delivering power to the load and charging the capacitor. The boost converter is controlled by the MOSFET which shorts Vs to ground, forcing the EMF to collapse.
When the MOSFET is switched ON, the current is shorted to ground, generating an EMF as it passes through the inductor. This also means that no power is delivered to the load.
When the MOSFET is switched OFF, the current is then redirected towards the load. This also forces the EMF to collapse, generating a back EMF pulse which supplies additional current alongside Vs. This allows for a higher current to be achieved at the output.
[image: Boost Converter Circuit Diagram]
Figure 9.2: Boost Converter [19]
Both circuits can be controlled using a PWM to control when the MOSFET is switched on and off. This allows for a set conversion rate to be achieved when exchanging current or voltage. This also allows for more control over the operation as if the EMF generated is too large and could cause problems for other parts of the circuit due to the noise generated, then the MOSFET can be used so that the EMF collapses sooner at the cost of lower voltage or current output.
These two types of DC-DC converts are common and are often found in power generation where a higher voltage is needed to charge a battery bank. They can also be found in solutions that require specific nominal voltages. For example, a battery when fully charged may be able to supply 4.5V, but as the battery loses charge, the voltage output drops below the nominal voltage needed to power the device when there the battery is still half full. Boost converts can be used for this as they can allow for the device to be powered until the battery has lost all remaining charge. 






6. Prototype Development                                       & Implementation


This section of the report will discuss the different development stages of the prototype. This includes the components selected along with the methods used during circuit construction & testing to achieve the final outcome. 




6.1.	Materials & Methods
Miscellaneous Components
Components such as Resistors, Capacitors, Inductors will be used to create the needed voltage reference points as well as limit the amount of voltage and/or current that is passing throughout the circuit. These components are also needed to construct the needed input filter for the step-down converter so that the component does not become overloaded with voltage and to remove any possible high frequencies such as noise.
The miscellaneous components needed are as follows:
· 1x Inductor, 6.8uH
· 2x Capacitors, 10uF
· 5x Resistors, 390Ω, 10KΩ
· 1x LED
Solar panel
There are several different types of solar panels available with variable rates of efficiency per square meter. The range of solar panels include:
· Monocrystalline solar panels – 15% efficiency, relatively expensive.  
· Polycrystalline solar panels – 13% efficiency, relatively inexpensive, degrades quicker due to high temperatures.
· Amorphus/Thin Film solar panels – 7% efficiency, cheapest solution, flexible & functional even in moonlight.
· Hybrid Silicon solar panels – 18% efficiency, most expensive solution, most efficient.
[image: solar-powered-12v-15w-battery-auto-trickle-charger]Out of these solutions, Thin Film solar panels would be suitable for the project as they are the cheapest solution available.  
The solar panel that will be used for the project is the “L58BF“ which produces 17.5V and deliver up to 0.5A. This component is appropriate as it produces more than the needed voltage & current, allowing it to be compatible with a wider range of batteries. This component is also functional during low light conditions which makes the product usable during days without much sunlight.[4]


The solar panel will be positioned at a fixed angle aimed directly towards an accessible light source such as the sun. This will provide maximum output from the solar panels and will generate the nominal voltage needed.

Batteries
There are several different types of rechargeable batteries available on the market, with the most common choices being the following:
· Lithium-Ion – Most efficient power/weight ratio, relatively expensive, very low overcharge tolerance.
· Nickel-Metal Hydrate – Charge decays easily, Total capacity decays without care.
· Nickel-Cadmium – More tolerant to overcharge, High number of possible charge/discharge cycles.
· Lead-Acid – Very heavy, can deliver high amounts of power, permanent capacity loss with each discharge cycle. 
Out of these batteries, NiCd is the most suitable option because these types of batteries are relatively cheap and are of suitable capacity for a solar based charger. These types of batteries are also able to handle slight overcharge which makes them safer for handling in case any errors occur.

[image: https://images-na.ssl-images-amazon.com/images/I/61SNPHH9GPL._SL1001_.jpg]
The batteries that will be used are the “PowerDriver AA 1000mAh 1.2V” batteries. These batteries were chosen as they are a suitable capacity for the solar based charger and will not take too long to charge when using a low C-rate. These batteries are also safer for handling as they are NiCd batteries which are more tolerant to overcharging.


[12]

Up to 4 batteries will be used to make up a total rated voltage of 4.8V to be able to safely detect the floating voltage of the batteries without damaging the ADC input of the microcontroller. This also makes the overall circuit smaller and cheaper by eliminating components needed for attenuation.


MOSFET
There are two different type of MOSFETs along with two different modes for both types. These are:
· N-Channel MOSFET - This means that the current flows from drain to source and is operated by a positive voltage at the gate terminal. This voltage must be greater than the voltage from drain to gate as well as the threshold voltage of the MOSFET to be switched ON or OFF depending on the mode.
· P-Channel MOSFET – This means that the current flows from source to drain and is operated by a negative voltage at the gate terminal. This voltage must be greater than the voltage from source to gate as well as the threshold voltage of the MOSFET to be switched ON or OFF depending on the mode.
· Enhancement Mode – This means that current cannot pass through the FET when there is zero voltage present at the gate terminal. This also means that these types of FET are normally OFF and need to be switched ON.
· Depletion Mode – This means that a current can pass through the FET when there is zero voltage present at the gate terminal. This also means that these types of FET are normally ON and need to be switched OFF.
Out of the options available, an N-Channel MOSFET in the Enhancement configuration would be suitable as this means that it can be operated by a microcontroller using the output logic levels. This is possible as very little current is needed to operate a MOSFET. However, this also means that the voltage passing through the FET must be 5V or less as this is the maximum output voltage of the microcontroller.
[image: STMICROELECTRONICS VNP10N07-E]
The MOSFET that will be used for the project is called the “VNP10N07-E” which is an N-Channel MOSFET that can handle up to 10A and 70V. The threshold voltage for this component is 3V which is easily achievable. The internal resistance, Rds, is 100mOhms which is satisfactory considering the voltage and current available from the solar panel.
[16]

The MOSFET will be used as a switch to control the charging current being directed to the batteries. The MOSFET will be operated by the microcontroller using logic levels so that a quick response can be achieved. The state of the MOSFET will be determined by the state of charge of the battery as well as the voltage and current used to charge the battery. 

[image: XP POWER TR05S05]Step-down Converter
The step-down controller that will be used for the project is the “TR05S05”. 
This component has been chosen to increase the current output of the solar panels. This will shorten the amount of time needed to charge the battery and will also aid in producing results faster during experimentation. This linear DC-DC regulator can deliver a 5V output with 
up to 500mA. For this to be achieved, the input voltage must be greater than approximately 10V, which is achievable by the solar panel selected with a full output of 15V.[20]


The Step-down converter will be placed in between the solar panel and the MOSFET to step down the voltage from 15V to 5V. This is to allow the microcontroller to operate the MOSFET while also delivering enough voltage to the batteries.

Microcontroller
[image: D:\Rhys Miller\Downloads\GE40DIP-40.jpg]The microcontroller that will be used for the project is the “PIC16F887”.  This component has been chosen as it can perform the needed tasks and includes many features that can be used to improve the circuit during development and after the project has concluded. 
The microcontroller can operate between 2-5V which is achievable and is also able to accurately read the voltage levels using up to 10-bit conversion for the ADC channels.[18]


The microcontroller will be placed between the output of the step-down converter and the battery as it will be used to track the output of the DC-DC converter to ensure that the charging current is sufficient while tracking the state of charge of the battery.

[image: ]Methodology
To the right is a circuit block diagram showing how the circuit will function and all the major elements involved. The diagram shows the flow of power throughout the circuit from the solar panel, through the step-down converter, and towards the battery. The diagram also shows how two voltage references are fed directly to the PIC microcontroller to control the MOSFET and the LED.
Figure 10.1: Circuit Block Diagram


[image: ]
Figure 10.2: Software Flowchart
Above is a copy of the software flowchart showing how the PIC will operate. 
The flowchart shows all the necessary steps such as initialisation of important aspects of the PIC as well as the inputs and outputs. The flowchart also shows what decisions will be made by the pic and how they will influence the circuit such as the ON/OFF state of the MOSFET. 
6.2.	Circuit Design & Analysis
Below is a copy of the initial circuit that will be built. This includes all the components listed and how they will be assembled. This circuit follows the circuit block diagram as it transfers power generated from the solar panel through the DC-DC converter towards the battery. The circuit also includes the voltage references which are fed to the microcontroller. The microcontroller then handles the operation of the MOSFET using the voltage references to determine if it should remain open or closed. Also, the microcontroller will provide basic feedback with the use of an LED.
[image: ]











[image: ]This section of the circuit shows the solar panel used to generate the charge needed. This charge passes through the input filter made up of the two capacitors & inductor. This is to remove any unwanted frequencies as well as to step-down the voltage to the desired levels. This passes through the step-down converter and lowers to 5V.

[image: ]
This section of the circuit shows the MOSFET used to control the charging current as well as the connected load. There are also two voltage references created which aid in monitoring the charging current being applied to the batteries as well as the state-of-charge of the batteries.


[image: ]This section of the circuit shows how the PIC is used to monitor the charging process by using the voltage references. The PIC is also connected to the MOSFET as well as an LED & LCD Display to control when the batteries should be charged and to display when the battery is fully charged or at risk of being damaged.

6.3.	Software Code
Below are a series of images showing the code used in the initial circuit. 
All the code produced can be viewed in the appendix.
[image: ][image: ]This code shows all the peripherals being setup such as the necessary fuses, libraries, LDC & ADC pins. This is so that the microcontroller functions as intended and allows for specific instructions to be used alongside the needed pins. There is also code to create variables to be used to store the voltage values as well as the state-of-charge.
[image: ]



[image: ]This code shows the setup for the circuit. 
The MOSFET is set to low so that no current reaches the open connections. The charging current is also measured to see if it is suitable for charging the selected batteries.

The code below this shows text being printed to the LCD display. This is in preparation for when the rest values are ready as Ref2 and the state-of-charge have not been calculated. 


[image: ]
This code shows the main operation of the circuit as it all takes place in an infinite while loop.
Firstly, ref2 is measured and calculated alongside the state-of-charge. There is also an if statement for if the battery has been fully charged. During the first run of the loop, the PIC does not know if the battery is fully charged yet, so this is skipped.
The calculated values are then printed to the LCD alongside the text printed before for total feedback.




[image: ]This code shows the three main if statements used to determine if the battery is fully charged, overcharged or safe to charge. These states are determined by the voltage references measured earlier. 

If the voltage of the battery is above the rated voltage OR if the charging current is less than the current voltage of the battery, the circuit will not charge the battery and will reflect this with a warning via the LED.
If the voltage of the battery is at the rated voltage, the circuit will stop charging and notify that the battery is fully charged via the LED. 
If the voltage of the battery is below the rated voltage, the circuit will charge the battery by opening the MOSFET and notify that the battery is being charged via the LED




6.4.	Construction & Testing
Firstly, the initial circuit was constructed without the PIC, LED or LCD, to test that it could handle charging the 4.8V load and to ensure that the components are functional. Because of this, user intervention is needed to operate the MOSFET and provide a connection between the step-down converter and the load. 
[image: D:\Rhys Miller\Documents\School work\Uni work\Beng Computer Systems & Electronics\3rd Year Major Project\Testing Photos\Initial Circuit (Circuit #1).jpg]
Above is a picture showing the initial circuit design without the PIC, LCD or LED. This was built using a breadboard so the components can easily be switched. The picture shows how the terminals from the solar panel are connected through the input filter, towards the step-down converter. The converter is also connected to ground as well as the MOSFET which allows for the power to be passed towards the load. As previously mentioned, the MOSFET will be manually operated in this instance.



Below is a picture showing the initial circuit without the PIC, LED or LCD, being tested. This is to ensure that the components function and that the circuit can handle charging the 4.8V load. In the picture, the multimeter shows the current voltage of the load during charge, which is 4.57V. This is normal as the load when fully discharged has a voltage of 4V and 4.8V when fully charged.
[image: D:\Rhys Miller\Documents\School work\Uni work\Beng Computer Systems & Electronics\3rd Year Major Project\Testing Photos\Initial Circuit Testing (Circuit #1).jpg]
As well as the voltage, the charging current was also monitored to observe the rate of charge being generated. Using the multimeter, approximately 250mA was being generated This indicates that a charge rate of 0.2C is being used and would take up to 4hrs to fully charge the batteries from 1.0V to 1.2V.


[image: D:\Rhys Miller\Documents\School work\Uni work\Beng Computer Systems & Electronics\3rd Year Major Project\Testing Photos\Initial Circuit (Circuit #2).jpg]Below is a picture showing the complete initial circuit with the PIC, LCD & LED.  This picture shows the microcontroller connected to the MOSFET as well as the two voltage references to control the state of the MOSFET, using the information provided by the voltage references to determine the most suitable option. The PIC is also connected to an LCD display so that it can output the current state-of-charge of the batteries. This screen will also be used as a debugging tool during testing by displaying the values of the voltage references.





Below is a series of pictures showing the complete initial circuit being tested. 
This picture shows that the circuit functions normally and that there are no major problems. 
However, the picture also shows that the circuit is not being sufficiently powered. 
This is reflected in the multimeter connected to the input terminals of the solar panel powering the entire circuit. This is due to the lack of sunlight present in the room during testing as when the solar panel was moved to the window, a rise in voltage was monitored from 5V to 8V. 
[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Initial Circuit Testing wSolar Panel (Circuit #2).jpg]

As well as this, the circuit was not being powered due to the PIC & the LED being connected to the 5V supply after the MOSFET in parallel, instead of before the MOSFET as shown in the previous circuit diagram in Proteus. This issue was fixed during the testing period as shown in the next picture where a dedicated DC power supply is used to simulate the solar panel at maximum output.



Below is a series of pictures showing the circuit being tested using a dedicated DC power supply in place of the solar panel. This aims to reflect the scenario where complete saturation of the solar panel is taking place outdoors. This was done due to the weather constraints and lack of sunny days to test the device.
[image: D:\Rhys Miller\Documents\School work\Uni work\Beng Computer Systems & Electronics\3rd Year Major Project\Testing Photos\Initial Circuit Testing wDC Supply (Circuit #2).jpg]The picture shows that the circuit functions normally and charges the battery. This is reflected by the flashing LED and the multimeter connected to the battery terminals. However, the LCD display does not update regularly as intended while also looping the text to the next line which is not intentional.
[image: D:\Rhys Miller\Documents\School work\Uni work\Beng Computer Systems & Electronics\3rd Year Major Project\Testing Photos\Initial Circuit Testing wDC Supply 2 (Circuit #2).jpg]
This is a close-up of the multimeter connected to the battery, showing that it is currently being charged and is reaching the rated voltage 
of 4.8V. 


[image: D:\Rhys Miller\Documents\School work\Uni work\Beng Computer Systems & Electronics\3rd Year Major Project\Testing Photos\Initial Circuit Testing wDC Supply 3 (Circuit #2).jpg]This is a close-up of the LCD screen, showing that the text is scrolling off the edge of the screen, which is not intended. This could be due to either an error in the code used, improper connections or a temporary glitch. This will be fixed in the future as the circuit is improved.

[image: D:\Rhys Miller\Documents\School work\Uni work\Beng Computer Systems & Electronics\3rd Year Major Project\Testing Photos\Initial Circuit Testing wDC Supply 4 (Circuit #2).jpg]This is a close-up of the flashing LED which is used to reflect that the circuit is currently charging the batteries. This shows that despite the error with the LCD, the circuit still functions as intended overall.

During this session of testing, multiple flaws and issues were observed that need to be corrected in the future. These include text scrolling off the edge and the brightness of the screen not being clear enough. The text scrolling issue can be fixed by editing the code whereas the brightness issue can be fixed by connecting the Vo pin on the LCD to a more suitable negative voltage source, or a potentiometer to find a suitable negative voltage. There is also the issue with inaccurate readings being produced. As before, this issue can be fixed by making changes to the code when outputting text to the LCD.
After the testing was completed, it was realised that simply measuring the state-of-charge of the batteries using the terminal voltages is the least accurate method possible. It was also made apparent that the current charge being held in the batteries was always unknown.
To solve this problem, a battery monitoring unit is used which checks the voltage of each individual battery, can charge & discharge the batteries at fixed currents, and is also able to track the total current absorbed by each battery during charge & discharge. [image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Battery Checker.jpg]
By using the above product, it is possible to easily check the batteries to see if they are being charged effectively and ensures that the batteries meet the expected capacity.
The results from this session of testing shows that the circuit performs as expected with minor issues as explained above. However, this was done with a dedicated DC power supply which can reliably output the needed voltage and current, while a solar panel is very much dependant on the weather as well as the load resistance. 
While the circuit can perform the main function of charging a battery, there may be a more efficient method of accomplishing this.
All of these issues will be investigated and fixed in order to improve the prototype. 
While this is being investigated, other solutions and improvements will be investigated to see if there are some quality-of-life improvements could be made such as temperature monitoring and tracking the current absorbed by the battery.

6.5.	Further Adjustments
Based on the results from the previous testing on the initial circuit design, changes have been made to the circuit layout as well as the code used in the microcontroller. These changes have been made so that the circuit can successfully charge the battery only using the solar panel and meet the initial promise.
Below is a screenshot showing the new Revised Circuit Design and the changes made from the initial circuit. This new design has removed numerous resistors to simplify the circuit. The circuit now also uses a single voltage divider with the second resistor being a thermistor. This thermistor will be used to as a threshold level for the battery which when triggered, will stop the battery from charging. Other than this, there are no further changes made to the circuit other than the code used in the microcontroller.
[image: ]
[image: ]The created temperature threshold works by having the voltage in between the two resistors drop as the temperature of the battery increases. This will cause the thermistor to decrease in resistance and thus will also lower the voltage in the divider.

Below are a series of screenshots which focus on the changes made to the code. For the full code, please refer to the Appendix.

[image: ]Above is a screenshot showing the creation of new variables used in the code such as a new voltage reference, temp and an array used to count the current passing through the battery. 
Below the variables is also four lines of code used to prepare the circuit. Firstly, the mosfet is set to low so that it is not accidentally overcharged. The screen is then prepared by printing the text which will never change under any circumstances, being “voltage” and “charge”.

[image: ]Above is a screenshot showing the first part of the main loop. The operation is very similar as before as the ADC pins are read in sequence and then the bit data is processed into useful information by division. The IF statement also operates the same as before by preventing the microcontroller from charging the battery if it has already been recognised as full.
This time however, there is a new 3rd ADC pin being used for the thermistor. The ADC resolution has also been raised from 8 bit to 10 bit for higher accuracy as before it could not read past one decimal point.


[image: ]Above is a screenshot of the second part of the main loop. The code above consists of IF statements used to count the total current used to charge the battery. The major flaw with this system however is that the code above uses predetermined values when calculating the current and does not in fact measure any values. This was due to time constraints also because of the difficulty faced from trying to deduce an effective way of achieving this.
The first IF statement will insert the assumed mAh into one of the 15 slots in the array labelled “current”. This will continue until all 15 slots are full, all with the value “500” as the voltage regulation circuit aims to output 4.8V at 500mAh. 
The second IF statement will trigger once all 15 slots in the array are full. When this occurs, all the values are dumped into a single variable to be divided by the number of slots in the array. This is done to calculate the average, which is what would normally be done if the values were measured and not predetermined. The values are then divided again by 60 as a minute will pass when the array becomes full. This is also so that when this value is printed to the screen, it displays an accurate measurement of current that has been used. Once the value has been divided by 60, it is then transferred to a separate, permanent variable so that it can be printed to the screen. The variables for temp and count are then cleared.
Below this are four lines dedicated to printing the values from “voltage” and “charge”. Voltage is used to store the current voltage of the battery while Charge is used to store the total current used to charge the battery.


[image: ]Above is a screenshot showing the third and last part of the main loop. This code functions like the previous iteration as it uses three IF statements to control the events for when the battery is charging, full or overcharging. 

This time however, there are new scenarios used to trigger the first IF statement such as the event where the 3rd voltage reference, the temperature, falls below a specific voltage. This voltage level can be reached when the thermistor is exposed to 40 Celsius, which was chosen for the threshold. Another scenario used is when the total current used accumulates above 600mA. This was used so that the battery absorbs a suitable amount of current and the microcontroller does not read a false positive when initially started up.

Another addition is the incrementing of the count variable each time the main program passes through the third IF statement. This is so that the current is only counted while charging instead of in all scenarios.

Below are a series of images showing the testing of the new circuit design & code. All the images below show the testing being done solely with the solar panel used as the power source while a secondary DC source was used solely to illuminate the LCD Display. 
Again, this was due to time constraints that a more suitable negative DC voltage source 
was not found.

[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised Circuit Solar Panel Voltage.jpg]To the left is an image showing the testing of the revised circuit along with the new code.
The multimeter shows the voltage of the connected power supply and the nearby potentiometer was used to adjust the lighting on the LCD display.

The circuit is being powered using the solar panel which is positioned directly facing the sun with few clouds. During testing, the solar panel could generate 20V to power the entire circuit, which is more than the desired 13V to ensure that it operated smoothly.


[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised Circuit Solar Panel Current.jpg]To the right is an image showing the same circuit with the multimeter set to read the output current. The reading shows that the solar panel is producing 4.78mA, which is far below expectations when the solar panel is rated for up to 500mA. This could be due to the total resistance of the circuit being too high.




[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised Circuit Battery Current.jpg]To the left is an image showing the current directed towards the battery pack being charged by the circuit. 
The multimeter reading shows that the batteries are being charged by a 5uA current, which is not at all satisfactory to charge four 1000mA batteries. 
While the value is incredibly small, it still shows that the circuit can charge a connected load as there is a positive current flowing towards the battery. However, the current becomes negative when the MOSFET is closed at a rate of -16uA.


[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised circuit PIC current low.jpg][image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised circuit PIC current high.jpg]To the right are two images showing the current flowing towards the microcontroller and the LCD display when the MOSFET is low or high.
The multimeter shows that 9.9mA of current is being supplied to the components when the MOSFET is closed but drops to 3.8mA when the MOSFET is open. These values appear to be correct as when the MOSFET is closed, more current would be supplied to the rest of the circuit as there is now less total resistance within the circuit.
Normally this would be acceptable as the microcontroller is showing that it can operate with the supplied current as it updates the LCD when expected.


[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised Circuit Screen.jpg]To the left is an image showing the screen connected to the microcontroller. While the microcontroller can count the predetermined current, which is now inaccurate, the voltage measured at the terminal of the battery becomes incorrect after the initial startup. 

The cause of this error is unknown as measuring the terminal with a multimeter gives a different value of around 4.6V, which is expected as four 1.2V batteries are connected in series. Other than this, the screen updates when expected and does not have text scrolling off the edge from before.

[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised Circuit Thermistor.jpg]To the right is an image showing the thermistor positioned close to the batteries.
The thermistor is used as a failsafe in case the battery produced too much heat when charging and was at risk of becoming damaged. Ideally, the threshold would be tested by purposefully heating the thermistor to the desired temperature, but the apparatus to achieve this was unavailable and purposefully heating the batteries would be ill advised.

Due to time constraints, no further testing was conducted and no further progress could be made on the code used in the microcontroller.
The results from this session of testing shows that there are some flaws still present that need to be fixed. These flaws include displaying an incorrect battery voltage and a lack of available current from the power source.
The software flaw can be fixed by adjusting the code while the hardware flaw would require the total resistance of the circuit to be lowered so that current can flow more easily.
Unfortunately due to time constraints, no further development progress can be made.

6.6.	Final Outcomes
The final prototype produced from the project does not meet expectations as it fails to reliably charge a load at the desired rate. While it is capable of charging a battery provided that the power supply connected is able to produce the needed current & voltage, the main purpose of the circuit was to be used in conjunction with a solar panel, which is not as reliable and is heavily dependent on weather conditions. 
This is proven as with the previous session of testing using the initial circuit and the dedicated DC voltage source instead of the solar panel, the battery was being charged at a rate of 250mA which gradually declined as time passed, which is to be expected.
The code produced has been proven to work in all areas except for printing the intended data to the LCD display as it still reads an inaccurate voltage at the terminals of the battery while also needing a reliable negative DC source to illuminate the screen. The negative DC voltage can be provided by either a button cell battery or using an inverting amplifier.
The error relating to the inaccurate voltage reading would need to be investigated as there may be a flaw such as the value being manipulated unintentionally within the code.



7. Project Results & Analysis


This section of the report will discuss any results produced from the project as well as analyse these results as well as the testing sessions to see what went as expected and what could be improved. 




7.1.	Data produced
Because a reliable prototype was not produced, no further results were generated such as the Maximum Power Transfer from Source to Battery, Total Charge Time and Rate of Charge Over Time. To produce these results, a functional circuit would be needed which could use a solar panel to reliably and efficiently charge the batteries as that is the main purpose of the project. With the current version of the circuit, it would require over 100 hours of direct sunlight to charge the batteries which is far from realistic.
While no results were produced, valuable lessons can be learned from the project as it serves as an example of what aspects need to be considered when developing a solution. Aspects such as choosing the correct charging method for the type of batteries, choosing the right components, producing code which can control and monitor the charge rate of the batteries, etc. These are important things to consider when developing a solution along with the errors produced so that the same mistakes are not made in future.
Since no further results were produced, the testing will be analysed for errors, the possible cause and how these could be resolved in future iterations.



7.2.	Analysis
Below are a series of images relating to the testing sessions that took place during development. Each image will be analysed for the errors present, the possible cause and solution to each problem as well as if the problem was fixed during development.
[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Initial Circuit Testing wDC Supply 3 (Circuit #2).jpg]To the left is an image of the Initial Circuit design which shows the LCD with text scrolling to the next line. 
This error was caused by printing text to the screen which went past position 20 on the Y coordinate. This was resolved by ensuring that the text printed to the LCD does not exceed past this point and ensures that the cursor is positioned where needed.

[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised Circuit Battery Current.jpg]To the right is an image of the Revised Circuit design showing the battery receiving 5uA of current. 
This problem could be caused by the lack of available current from the solar panel, but could also be caused by the surrounding components such as the MOSFET as they may be limiting the current reaching the battery. This problem could be solved by using different components such as a Bipolar Junction Transistor and also ensuring that more current is available from the Solar Panel. 



[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised Circuit Solar Panel Current.jpg]To the left is an image of the Revised Circuit design showing the solar panel current output.
This problem could be caused by the total resistance present in the circuit as it is also generating 20V. Using Ohm’s Law by dividing 20 by 4.78mA, this means that the total circuit resistance is around 4.1k Ohms. This problem could be resolved by removing or replacing components that have a large amount of resistance to raise the current output of the solar panel.

[image: C:\Users\Rhys Miller\AppData\Local\Microsoft\Windows\INetCacheContent.Word\Revised Circuit Screen.jpg]To the right is an image of the Revised Circuit design showing the screen with an incorrect voltage reading of the battery terminals as the actual reading is around 4.6V.
The cause of the problem could be a flaw in the code used as the value in the variable could be being altered unintentionally. This can be resolved by ensuring that the code is correct and that the value being obtained is not being altered unintentionally by either the code or by any of the connected components.




8. Reflecting on the Project


This section of the report will discuss what lessons can be taken from the project as well as state what could be done in future.




8.1.	Reflection & Future Recommendations 
Over the course of the project, alterations to the time schedule were made once the needed research was completed. This was to ensure that there was enough time allotted to the remaining tasks and to accurately reflect on time spent on completed tasks. Because of these changes, the revised Gantt chart is an accurate representation of how time was spent during the project. 
Because of how the project turned out, more time could have been allocated towards prototype testing as well as making further adjustments so that the errors could have been corrected and so that a fully functional prototype could be created. More time would also be needed so that some results could be produced and plotted onto graphs.
The research conducted and the components selected were appropriate as all the necessary research was obtained and understood while the components selected performed as intended and met the requirements needed to produce a functional prototype. However, because of how the project turned out, other components could have also been purchased so that the circuit performed as intended. The circuit design would also need to be adjusted to accommodate for these extra components.
The prototype testing conducted could have been more fruitful as there were errors left unresolved due to time constraints. The reason for this is that the time needed to solve these problems was underestimated and because both circuit designs could have been further improved upon before implemented.
It is highly recommended in future to allocate more time to circuit design & prototype testing to ensure that fewer errors occur and so that there is excess time left to resolve any errors that do occur. It is also recommended that all the necessary components are purchased initially so that no additional components are needed during development 
which could delay the current tasks.

8.2.	Conclusion
Overall, this project was a good learning experience on what aspects need to be taken into consideration when developing a solution for a rechargeable portable battery pack such as selecting the necessary components, designing the circuit which performs as intended and creating code with as few possible errors as possible. 
As well as this, these lessons can also be applied to other development projects since they are important skills to learn so that a project progresses smoothly and to ensure that the project itself is a success. 
Finally, the project serves as an example of what could go wrong during development and to allow time for solving errors during testing and to ensure that the initial circuit design has as few possible errors.
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Appendix A
Initial Circuit – main.c
#include <main.h>
#define LCD_ENABLE_PIN PIN_D0
#define LCD_RS_PIN PIN_D1
#define LCD_RW_PIN PIN_D2
#define LCD_DATA4 PIN_D4
#define LCD_DATA5 PIN_D5
#define LCD_DATA6 PIN_D6
#define LCD_DATA7 PIN_D7

#include <lcd.c>

void main()
{
      setup_adc_ports(sAN5|sAN6|sAN7);	             		//Enables all ADC pin
      setup_adc(ADC_CLOCK_INTERNAL);

      float ref1,ref2,charge;			           	//Creation of needed variables
      int full=0;

      lcd_init();				             		//Initialises LCD Display
      output_low(Mosfet);			            	//Ensures Mosfet is set to low for safety

      set_adc_channel(5);					//Changes the ADC channel to Vref1
      ref1 = read_adc();  					//Reads the ADC pin
      ref1 = ref1/255;				              	//Convert the bit number to a useful value
      ref1 = ref1 * 5;				
      ref1 = ref1 + ref1;		               //Doubles ref1 as it resides between an even voltage divider

      set_adc_channel(6);			            	//Prepares the ADC channel to read the next pin
      printf(lcd_putc,"Ref1=%.1f, Ref2=",ref1);     	//Prints Vref1 and sets the screen ready for Vref2
      lcd_gotoxy(1,2);			          	//Moves the cursor to the next line
      printf(lcd_putc,"Battery Capacity: ");	         	//Sets the screen ready for charge

      while(TRUE)
      {
            output_low(Mosfet);		          //Sets Mosfet to low to read the battery
            delay_ms(100);				
            ref2 = read_adc();		          //Reads the battery
            if(full==0)		                        //If battery is not full, allow the mosfet to go back high
            {
                  output_high(Mosfet);
            }
            ref2 = ref2/255;			          //Convert the bit number to a useful value
            ref2 = ref2 * 5;

            charge = ref2 - 4;			         //Determines the charge by reading the battery voltage
            charge = charge / 0.8;				//4.0V = 0%, 4.8V = 100%
            charge = charge * 100;

            lcd_gotoxy(16,1);					//Sets the cursor
            printf(lcd_putc,"%.1f",ref2);		              //Prints the battery voltage
            lcd_gotoxy(19,2);					//Sets the cursor
            printf(lcd_putc,"%.0f%%",charge);		//Prints the battery voltage

            if((ref2 > 4.82)||(ref2 > ref1))                                  //If the battery is overcharged OR if the 
                                                                                                   //supply voltage is too high
            {
                  output_low(Mosfet);				//Stop charging
                  output_high(LED);				//Flash a quick warning via LED
                  delay_ms(250);
                  output_low(LED);
                  delay_ms(250);
                  full=1;				               //Sets full flag to 1
         }
         if((ref2 == 4.8)||(ref2<4.82))		              //If the battery is fully charged
         {
                  output_low(Mosfet);				//Stop charging
                  output_high(LED);			//Indicate the battery is fully charged via LED
                  full=1;				              //Sets the full flag to 1
         }
         if(ref2<4.80)				              //If the battery is not fully charged
         {
                  output_high(Mosfet);				//Allow for charging
                  output_high(LED);				//Indicate a charging notification via LED
                  delay_ms(1000);
                  output_low(LED);
                  delay_ms(2900);
                  full=0;				              //Sets the full flag to 0
         }
    }
}


Appendix B
Initial Circuit – main.h
#include <16F887.h>
#device ADC=8

#FUSES PUT                   		//Power Up Timer
#FUSES NOMCLR                	//Master Clear pin used for I/O
#FUSES NOPROTECT             	//Code not protected from reading
#FUSES NOCPD                 	//No EE protection
#FUSES BROWNOUT              	//Reset when brownout detected
#FUSES IESO                  		//Internal External Switch Over mode enabled
#FUSES FCMEN                 	//Fail-safe clock monitor enabled
#FUSES NOLVP                 	//No low voltage prgming, B3(PIC16) or B5(PIC18) used for I/O
#FUSES BORV21                	//Brownout reset at 2.1V
#FUSES NOWRT                 	//Program memory not write protected

#use delay(internal=8MHz)
#define Vref1	PIN_E0
#define Vref2	PIN_E1
#define Vref3	PIN_E2
#define Mosfet 	PIN_B1


#use rs232(baud=9600,parity=N,xmit=PIN_C6,rcv=PIN_C7,bits=8,stream=PORT1)

#define LED PIN_B0
#define DELAY 500


Appendix C
Revised Circuit – main.c
#include <main.h>
#define LCD_ENABLE_PIN PIN_D0
#define LCD_RS_PIN PIN_D1
#define LCD_RW_PIN PIN_D2
#define LCD_DATA4 PIN_D4
#define LCD_DATA5 PIN_D5
#define LCD_DATA6 PIN_D6
#define LCD_DATA7 PIN_D7
#include <lcd.c>
void main()
{
   setup_adc_ports(sAN5|sAN6|sAN7);				           //Enables all ADC pins
   setup_adc(ADC_CLOCK_INTERNAL);		
   float ref1=0,ref2=0,ref3=0,voltage=0,charge=0,temp=0,current[15];  //Creation of needed variables
   int full=0,count=0;
   
   lcd_init();						//Initialises LCD Display
   output_low(Mosfet);					//Ensures Mosfet is set to low for safety
   printf(lcd_putc,"Voltage:    V");			//sets the screen ready for Voltage
   lcd_gotoxy(1,2);					//Moves the cursor to the next line
   printf(lcd_putc,"Charge:");				//Sets the screen ready for Charge
   
   while(TRUE)
   {  
      output_low(Mosfet);              //Mosfet must bet set to low so battery voltage is read instead 
                                                                                                                                     //of charging current
      set_adc_channel(6);	              //Changes the ADC channel to Vref2  
      ref2 = read_adc();	              //Reads the ADC pin and retrieves a bit number between 0-255
      if(full=0)		              //If the battery is not fully charged, opens the mosfet back up
      {
              output_high(Mosfet);
      }    
      set_adc_channel(5);		//Changes the ADC channel to Vref1
      ref1 = read_adc();  		//Reads the ADC pin and retrieves a bit number between 0-1023
      set_adc_channel(7);		//Changes the ADC channel to Vref3
      ref3 = read_adc();  		//Reads the ADC pin and retrieves a bit number between 0-1023
      


      ref1 = ref1/1023;					//Convert the bit number to a useful value
      ref1 = ref1 * 5;
      ref2 = ref2/1023;					//Convert the bit number to a useful value
      ref2 = ref2 * 5;
      ref3 = ref3/1023;					//Convert the bit number to a useful value
      ref3 = ref3 * 5;
      voltage = ref2;					//This is to be displayed on the LCD
      
      if((count >= 0)&&(full == 0))	           //Every four seconds, it enters the IF and records the current
      {	 			          //as long as the battery is still being charged
 	current[count] = 500;
      }    
      if(count >= 14)				//Once a minute has passed, enter the IF
      {
 	for( count=15; count>0; count--)	//Dump all the current recorded into "temp"
 	{
    	        temp = temp + current[count-1];
 	}
              temp = temp / 15;			//Divide by 15 to get the average
 	temp = temp / 60;			//Divide again by 60 since only a minute has passed
 	charge = charge + temp;		//Result gets added to "Charge" to be displayed
 	temp = 0;				//Reset the count & temp
  	count = 0;
       }

      lcd_gotoxy(9,1);					//Sets the cursor
      printf(lcd_putc,"%f",voltage);			//Prints the battery voltage
      lcd_gotoxy(8,2);					//Sets the cursor
      printf(lcd_putc,"%.0fmAh",charge);		//Prints the total current "absorbed" by the battery
   
      if(((ref2 > 4.82)||(ref3 <= 1.5))&&(charge > 600))		//Overcharged OR Overheating
      {
      	output_low(Mosfet);				
    	output_high(LED);				
 	delay_ms(250);
 	output_low(LED);
 	delay_ms(250);
 	full=1;
     }  
      

      if((ref2 >= 4.8)&&(ref2<=4.82)&&(charge > 600))			//Fully charged
      {
 	output_low(Mosfet);				
 	output_high(LED);				
 	full=1;
      } 
if((ref2<4.80)||(charge < 600))					//Charging
{
 	output_high(Mosfet);				
 	output_high(LED);				
 	delay_ms(1000);
 	output_low(LED);
 	delay_ms(3000);
 	count=count+1;
 	full=0;
 }
   }
}

Appendix D
Revised Circuit – main.h
#include <16F887.h>
#device ADC=10

#FUSES PUT                   		//Power Up Timer
#FUSES NOMCLR                	//Master Clear pin used for I/O
#FUSES NOPROTECT             	//Code not protected from reading
#FUSES NOCPD                 	//No EE protection
#FUSES BROWNOUT              	//Reset when brownout detected
#FUSES IESO                  	              //Internal External Switch Over mode enabled
#FUSES FCMEN                 	//Fail-safe clock monitor enabled
#FUSES NOLVP                 	//No low voltage prgming, B3(PIC16) or B5(PIC18) used for I/O
#FUSES BORV21                	//Brownout reset at 2.1V
#FUSES NOWRT                 	//Program memory not write protected

#use delay(internal=8MHz)
#define Vref1	PIN_E0
#define Vref2	PIN_E1
#define Vref3	PIN_E2
#define Mosfet 	PIN_B1

#use rs232(baud=9600,parity=N,xmit=PIN_C6,rcv=PIN_C7,bits=8,stream=PORT1)
#define LED PIN_B0
#define DELAY 500
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while (TRUE)
{

output_low (Mosfet) ;
delay ms (100) ;
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{
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}
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output_high (Mosfet) ;
output_high (LED) ;
delay ms (1000);
output_low (LED) ;
delay ms (2900) ;
full=0;
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float refl=0,ref2=0,ref3=0,voltage=0,charge=0, temp=0, current[15]; //Creation of needed variables
int full=0,count=0;

led init () ; //Initialises LCD Display

output_low (Mosfet) ; //Ensures Mosfet is set to low for safety
printf (lcd putc,” age V) ; //sets the screen ready for Voltage

lcd gotoxy(1,2); //Moves the cursor to the next line
printf (lcd putc, "Charge:"); //Sets the screen ready for Charge
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while (TRUE)

{

output_low (Mosfet) ;
set_adc_channel (6) ;
ref2 = read adc();
if (full=0)

{

output_high (Mosfet) ;

}

set_adc_channel (5);
refl = read adc();
set_adc_channel (7);
ref3 = read adc();

refl = refl/1023;
refl = refl * 5;
ref2 = ref2/1023;
ref2 = ref2 * 5;
ref3 = ref3/1023;
ref3 = ref3 * 5;

voltage = ref2;

//Mosfet must bet set to low so battery voltage is read instead of charging current
//Changes the ADC channel to Vref2

//Reads the ADC pin and retrieves a bit number between 0-255

//If the battery is not fully charged, opens the mosfet back up

//Changes the ADC channel to Vrefl

//Reads the ADC pin and retrieves a bit number between 0-1023
//Changes the ADC channel to Vref3

//Reads the ADC pin and retrieves a bit number between 0-1023
//Convert the bit number to a useful value

//Convert the bit number to a useful value

//Convert the bit number to a useful value

//This is to be displayed on the LCD
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if ((count >= 0)&& (full == 0))
{
current [count] = 500;
}
if (count >= 14)
{
for( count=15; count>0; count--)
{
temp = temp + current[count-1];
}
temp = temp / 15;
temp = temp / 60;
charge = charge + temp;
temp = 0;
count = 0;

}

//Every four seconds, it enters the IF and records the current
//as long as the battery is still being charged

//Once a minute has passed, enter the IF

//Dump all the current recorded into "temp"

//Divide by 15 to get the average

//Divide again by 60 since only a minute has passed
//Result gets added to "Charge" to be displayed
//Reset the count & temp

lcd gotoxy(9,1);

printf (led putc, "*£",voltage);

lcd _gotoxy(8,2);

printf (led putc,"%.0fmAh", charge) ;

//Sets the cursor

//Prints the battery voltage

//Sets the cursor

//Prints the total current "absorbed" by the battery
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if(((ref2 > 4.82) || (ref3 <= 1.5))&&(charge > 600)) //Overcharged OR Overheating
{

output_low (Mosfet) ;

output_high (LED) ;

delay ms (250);

output_low (LED) ;

delay ms (250);

full=1;
}
if ((ref2 >= 4.8)&&(ref2<=4.82) && (charge > 600)) //Fully charged
{

output_low (Mosfet) ;

output_high (LED) ;

full=1;
}
if ((ref2<4.80) | | (charge < 600)) //Charging
{

output_high (Mosfet) ;

output_high (LED) ;

delay ms (1000);

output_low (LED) ;

delay ms (3000);

count=count+1;

full=0;




image52.jpeg




image53.jpeg




image54.jpeg




image55.jpeg




image56.jpeg




image57.jpeg




image58.jpeg




image59.jpeg




image60.jpeg




image61.jpeg




image62.jpeg




image1.jpeg
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





