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Abstract 
Renewable energy is becoming increasingly popular in the modern day, with solar power especially becoming popular for home use. Another emerging field is the internet of things (IOT) where electronic devices are implemented into everyday tasks. This project aims to combine both topics by implementing a solar powered automated window blinds system using a PIC microcontroller to control the system. This project covers the background research that was conducted to gain an understanding of how both systems can be implemented together. The research will also help to back up any conclusions formed during the duration of the project. The projects aim is to answer if powering an automated blind system using a solar panel to charge a battery is viable. The PIC microcontroller will be used as an interface between sensors used to measure physical variables such as temperature and light level, and a motor that will be used to open and close a set of window blinds. The program for the systems operation was written in the C programming language using the CCS for pic IDE. Testing was carried out for both a digital simulation using proteus and a physical prototype using breadboards to create the circuit where the system was optimised to work with the specific part that were selected. After all of the testing had been completed it was concluded that although the system would be viable there could be some improvements that could be made to improve the efficiency of the system as well the user experience particularly how the system could be interacted with as well as making improvements to the program so that the system can make finer adjustments to the position of the blinds. 
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Introduction 
One of the largest developments with modern electronic devices particularly devices used in homes is being able to implement these devices into existing everyday tasks to make them easier. [1] “This is known as the internet of things (IOT) which refers to devices that are connected to one another using wireless networks” which include sensors and other devices such as lightbulbs and home heating. Another emerging trend is renewable energy especially solar panels which are commonly implemented with IOT devices which solar panels becoming increasingly popular in homes as more people are switching to renewable energy. 
In this project both topics will be discussed and implemented into a system where the aim was for both to work together to form a fully functioning system. The system aims to combine solar power with automated blinds system which a prototype was created and tested to gather data and results that could be analysed to evaluate the suitability and performance of the system. The prototype was made up of two main part the first being the solar charging system which used a solar panel to charge a lithium polymer battery which could then be used to power the second part being the automated blinds system which used a PIC microcontroller to gather data from a light and temperature sensor so that it could then be used to either move the blinds up or down. 
Aim 
· To investigate implementing a rechargeable battery powered window blinds system 
Objectives 
· Research existing system 
· Research components 
· Build a circuit using a PIC microcontroller 
· Test the system to gather data 
· Outline system specifications 
· Create a program for the circuit 
 
The report below cover background research on related topics to both solar energy and automated system, also covered is the thought process behind the systems design as well as the implementation of the system and how it was tested. It contains a conclusion of the work and suggestions for further work and if any improvements could be made to the design. 
 
 
 
Literature review 
In the modern day there a more automated smart home products which [2] “give the user more convenience in everyday life”. Home automation can be used for many different tasks inside a house such as lighting and heating. These systems use sensors to gather data and then use that information to output accordingly. 
 
 
Automatic blinds arent a new concept as there have already been studies conducted on them as well as there are multiple variations that can be purchased. Most of the purchasable options have different features which will be discussed below: 
One existing automatic blind option is the [3] IKEA FYRTUR. This system is made to work with roller blinds and comes with the motor built into the blinds. The blinds can be operated by either using a wireless remote or by using the IKEA smart home app. If the blinds are used wirelessly, they need to be connected to a signal repeater which needs to be plugged into the wall. The blinds also don't have any manual controls on them such as any buttons so they can only be opened and closed wirelessly. The system is powered by a [4] braunit battery pack. This battery pack is rechargeable by using a micro usb which provides 5V at 1A. The capacity of the battery is 2600mAh and has an output voltage of 7.2V and output current of 2A. The specification of the motor used in the blinds is not stated anywhere in the product manual or product page so the exact specification of the motor is unknown but due the battery specification used to power it the voltage will likely be less than 7.2V and will be DC.  
Another existing automatic blind system is the [5] Zignito Smart WiFi Blind Motor which can be retrofitted to existing blinds. This system works with multiple different types of blinds which use either a cord gear or a ball and chain gear mechanisms. The voltage of the system is 12.6V which is supplied by mains power. To open and close the blinds that the system is connected to there is both manual buttons on the device and either a mobile app or an Rf remote. No other technical specifications such as the motor specifications are stated. 
 
The last type of existing blind system that will be discussed is the [6] SWITCHBOT Smart Blind Tilt which like the zignito system works with existing blinds that use tilt rod to open and close the blinds connected to it. This system is battery powered and uses a 2000mAh lithium battery. The motor used is stated to be high precision with adjustments down to as small as 2 degrees per adjustment. It also has a light sensor includes which is used to adjust the blinds depending on the light level. The blinds can be controlled wirelessly using a mobile app when connected via Bluetooth. 
 
Motors 
There are many different types of DC motors which can be [7] “categorized into two main types which are brushed and brushless motors”. A brushed motor has [8] “brushes made from carbon which when the motor is rotated come in contact with the commutator which is connected to multiple coils in the motor which then when a voltage is passed through a magnetic field is created. [9] “One benefit of brushed motors is that they usually have a lower cost compared to other motor types”. Brushed motors are simpler to drive as no extra drive circuit is required but this means that there is less control over the speed and direction of the motor. 
” A brushless motor unlike a brushed motor [10] “does not contain any brushes and instead the rotor as a permanent magnet which has fixed coils surrounding it on the stator.” Putting voltage through these coils causes them to create a magnetic field which then rotates the rotor. This means that in order to control the rotation of the motor each coil has to be powered in intervals to fully rotate. Brushless motors have many benefits over brushed motors with one being that [11] “they are more efficient due to a higher level of control over the position and speed of the motor.”  
One type of DC brushless motors are stepper motors which [12] “rotate in discrete angular increments when the state coils are energised in a programmed manner.” there are many use cases for stepper motors which include [13] “robotics which require precise movements.” The precision of stepper motors is the biggest advantage of using them as they offer rotation in precise small steps. [14] “This is achieved by current which passes through coils which are arranged into phases which can be switched on and off in sequences.” The most common way to control the sequence of a stepper motor is to use a microcontroller. The program on the microcontroller can be adjusted to determine the speed and direction of the motor. However, between the microcontroller and the motor there is usually a driver circuit. The purpose of motor drivers are to act as an interface between the microcontroller and the motor as a microcontroller usually cannot supply enough current to the motor. [15] “A common type of DC motor driver is a H bridge driver which usually consists of 4 switches which when switched in diagonal pairs can rotate the motor in a specific direction.” An example of a H bridge driver is L293D which is commonly used for lower voltage applications such as in robotics.  
Another configuration for a motor driver is using a Darlington transistor array. These come in integrated circuits such as the ULN2003 which is commonly paired with low voltage stepper motors. [16] “The common use of a Darlington pair is in the output stage of power amplification and in linear power supplies.” The power amplification properties make them suitable for motor drivers particularly when the motor is being controlled using a microcontroller as current amplification would be necessary in most cases due to most microcontrollers low output current. 
When using a stepper motor with a microcontroller there are three main ways that they can be driven using the program. 
The first way is called full step or full drive. [17] “This method powers two coils at the same time which causes the motor to move 1 step.” this method runs the motor at near full torque, but this does mean that the more draws more power. 
Another drive method is half step which [18] “alternatively energises one and two phases” which increases the resolution of the motor as there will be twice as many steps however this does reduce the output torque of the motor. 
A third drive method that can be used for stepper motors is wave drive. [19] “When using wave drive one coil is turned on at once” which means that this method has the same number of steps as full step but comes with a reduce amount of torque per rotation. However, this method isn't commonly used but it can be useful specifically in applications where power consumption is a larger priority than torque. 
The last method for driving a stepper motor that will be discussed is micro step. This method allows the even smaller steps than using half step with even a [20] “1.8-degree step being able to be split 256 times which can lead to up to 51,200 microsteps per revolution”. This can result in smoother operation of the motor particularly at slow speeds as the steps will be more gradual. Using micro step also allows for much for precise control over the motor which makes it useful in applications where very precise movements are necessary such as in [21] “medical applications and robotics.” Microstep also produces less torque than full step due to the phases only being partially energised. 
Another type of commonly used dc motor is a servo motor. [22] “Servo motors contain three main components a DC motor, a controller circuit and a potentiometer.” Servo motors are commonly found in applications where precise control if required such as in CNC machines and robotics. Unlike other drive systems a [23] “servo motor can compare its position with the instructions sent which it will then adjust the motor if these don't match.” Servo motors come in multiple different AC and DC configurations such as brushed and brushless for DC and synchronous and asynchronous for AC systems. To control a DC servo, motor the motor will usually be connected to another external controller such as a microcontroller which will then control the speed and rotation of the motor. [24] “The microcontroller will use a PWM signal to control the speed of the drive where the longer the pulse is the higher the speed of the motor”. 
Batteries 
When looking at batteries in particular rechargeable batteries there are many different types. Some of the most common are lithium ion, lithium polymer, nickel metal hydride, nickel metal and lead acid. 
[25] “Lithium-ion batteries are commonly used for portable electronic devices such as mobile phones which in the modern day has caused an increase in demand for the battery type.” One of the biggest advantages of lithium-ion batteries is that they have a [26] “high energy density compared to other battery types” which makes them ideal for applications where space is limited. [27] “Lithium-ion batteries also have a longer life span than other battery types which makes them suitable for renewable energy” with the biggest drawback being the price. 
Lithium polymer batteries also known as lipo batteries are also a type of battery that is rechargeable. When compared to Lithium-ion batteries, [28] “Lipo batteries are lighter and can be constructed in different shapes which makes them ideal for applications where weight is important such as drones.” They also have a higher power density than lithium-ion batteries which makes them a better option if a quick high-power output is necessary.  A big disadvantage of lipo batteries when compared to lithium-ion batteries is that they have a lower energy density meaning that they won’t stay charged for as long. They also have a shorter life cycle which means that they are more likely to die after a fewer number of charges and discharges. 
Nickel metal hydride or NiMh batteries are another alternative of rechargeable battery.  [29] “They offer off a longer life span than lithium batteries at the cost of lower performance.” They have a lower energy density than lithium-ion batteries meaning that they are likely to need charging more often.[30] ”NiMh batteries are commonly used in electric vehicles as they have the best performance in multiple requirements for use in electric vehicles.” Another disadvantage of NiMh batteries is that they have a higher self-discharge when not being used compared to other battery types. 
[31] “Lead acid batteries where the first rechargeable lead-based battery first created by Gastone Planté in 1860.” Compared to other battery types, in particular lithium-ion batteries, [32] “lead acid batteries last for several time less due to lithium-ion batteries a higher number of life cycles.” The efficiency of lead acid batteries is around 80%-85% which is low when compared to lithium-ion batteries which have an efficiency of 95%. [33] “One advantage that lead acid batteries have over other batteries is that they are robust and can withstand harsh conditions” which makes them very reliable. They can also be easily recycled compared to lithium batteries which are a lot more complex to recycle. 
 
Battery charging 
Every different type of battery has different charging characteristics which means that different circuits need to be used depending on the type of battery being charged. These characteristics are commonly referred to as charging curves. [34] “A charging curve is a graph that shows the variation in the speed that a battery charges” in particular the voltage and current. When charging certain types of batteries, it is important to consider these curves as if they are not followed damage can be caused to the battery and performance can be affected. When creating a battery charging circuit charging ICs can be used to ensure that the battery is charged correctly. An example of a battery charging IC is the Texas instruments bq25628 which is designed for charging lithium ion and lithium polymer batteries. This IC supports a large input voltage range from 3.9V to 18V. It also includes multiple safety features such as thermal regulation, overvoltage protection and battery over current protection which help protect the battery. It also contains an integrated 12 bit ADC so that voltage, current and temperature can be monitored. An example of a charger IC for NiMh batteries is the Texas instruments bq2003 which allows for fast charging of the batteries. This device is capable of charging up to 16 cells at once. It also has built in safety features similarly to the bq25628 which are over voltage, current and temperature regulation. 
In the context of rechargeable batteries, it can be useful to know the remaining state of charge (SOC) to get an estimate of how long the battery is likely able to be used for. An example of this would be in [35] “electric vehicles where it is important for the user to know the charge to avoid overcharging which could cause damage to the battery.” [36] “It is also useful for the user to understand how much range the vehicle still has before the battery runs out.” 
To calculate the state of charge of a battery a method known as Coulomb counting can be used. [37] “This method will not give an exact measurement but is an estimation of the remaining charge of the battery”. [38] “This is done by measuring the input and output current during charging and discharging continuously.” Then the total current measured can be removed from the capacity of the battery to calculate the remaining charge. This method is simple to implement but can be time consuming due to it being continuous. If the initial current value of the battery is wrong, it can also lead the estimated charge left to also being incorrect.  
solar panels 
[39] “Solar panels are becoming increasingly popular in homes with over 1.5 million homes having solar panels installed according to UK government data.” These solar panels are often used to charge batteries which are then used for power inside homes. Solar panels are also becoming more popular in other applications such as IOT devices. [40] “These Internet of thing (IOT) devices allow for control and monitoring of energy systems and can be used for a wide range of applications such as agriculture and in homes.” The biggest benefit of solar panels is that they are a renewable energy source which helps lower carbon emissions. [41] “They can also help reduce energy bills as some statistics suggest that solar panels can reduce energy bills up to 50%-70% which can equate to roughly £300 to £700 a year.” However solar panels have a high up-front cost to purchase and install which on [42] “average can cost anywhere from £4850 to £13000 with a 4.5kW system costing around £9800.” So, it will take a few years for the solar panels to pay off the install cost. 
 
Existing studies 
Multiple different studies have been carried out covering the application of automatic blinds. In one study, Galasiu et al. [43] compared the performance of two commercially available photo-controlled lighting and blinds systems, where the aim was to compare the two to evaluate if there were any energy savings. The study was carried out by using both an automatic photo-controlled venetian blind and a static venetian blind. Data was collected over two different periods of the year in which 10 configurations of static blinds were tested in 5–10 day periods. The results from the study showed that window blinds affect the performance of automatic lighting systems, however the results also showed that using photo-controlled blinds did lead to higher energy savings when compared to static blinds. 
Another study conducted by Mettanant and Chaiwiwatworakul [44] looks at the performance of automatic vertical in regard to daylight performance. Their method was to measure the daylight from a slated window and how it was distributed into a room. The light level was measured using a light sensor and data was collected from 7:00-18:00 during the day. Mettanant and Chaiwiwatworakul also created a simulation which simulated the daylight from the blinds for a year where the blinds slats were programed to tilt according to the sun's position. Their results showed that using automated blinds save up to 24% of energy for lighting while maintaining a suitable light level. 
Meerbeek et al. [45] also conducted a study on the use of automated blinds where their objective was to increase occupant satisfaction and save energy. In their research  Meerbeek et al used a virtual window inside an office environment which could simulate different daylight conditions. An LED spotlight was used to mimic sunlight which was used to set thresholds for sensors used to activate the blinds. An interface was used to communicate the system status to the user. The research showed that automation in a working environment can result in users feeling a loss of control. It also showed that user interaction with a system can increase their satisfaction while using it. 
System design 
During the design process of the system there were many choices that had to be made so that the system would be capable of operating as intended. The first was that the system should be split into two different sections which were the automatic blinds system and the rechargeable battery system. 
The automatic blind system's main purpose was to be capable of rotating a motor automatically depending on values that would be outputted by different sensors. 
The purpose of the rechargeable battery system was to power the circuit with 5V using a rechargeable battery that would be charged using a solar panel. 
The reason for splitting the design into two section was due to both sections being able to be tested separately as they were both capable of work on their own without the need for the other. Testing the battery system separately also meant that there was no chance that the battery could have caused damage to the automated blind circuit which could have been possible if both were tested alongside one another. 
 
The first component that needed to be selected for the automatic blind system was the motor. There were many different types of motors that could have been used for the system but there were a few requirements. The first being that it needed to be a 5V motor as the system was going to be run using 5V. The motor also needed to be bidirectional as it would be used to move blinds up and down. The chosen motor also had to be relatively power efficient as the circuit would be powered using a battery. 
For this system the type of motor that was chosen was a stepper motor. This was due to a few reasons the first being that stepper motors allow for more control over the speed of the motor. This meant that the motor would be capable of moving the blinds up and down in precise steps which would ensure that the blinds would be able to precisely react to changes in light level and temperature. 
The stepper motor that was chosen for the system was a 28byj-48 which was chosen as it had an input voltage of 5V and an input current of 200mA. This meant that the motor wouldn't draw too much power making it suitable for use with a battery. The current of the motor however did mean that to power the motor using the pic wouldn't be viable due to the PIC18f4520 only being able to output a current of 25mA per pin. So other options for supplying the motor the correct current were looked at. After some research was conducted a few suitable options were considered but the one that was chosen was to use a motor driver IC. There were many different types of these available but the one that was selected at first was the l293d. This motor driver IC allowed for up to 800mA to be supplied to the motor which would be more than sufficient for the 28byj-48.  However, this was later changed to the ULN2003 due to that driver being supplied with the 28byj-48, but this driver was still capable of supplying the motor with enough current as it could output up to 500mA per each output pin on the device. 
Unlike a traditional motor a stepper motor is more complex to be able to achieve the desired control. The motor used, the 28byj-48 required 4 different connections labelled in1, in2, in3 and in4 all of which would need to be sent a signal at different time intervals in order for the motor to rotate as intended. Using the motor driver also allowed the motor to be bidirectional as the sequence of the inputs could change the direction of the motor.  
To control the operation of the system a PIC microcontroller was used. This microcontroller would be used to read the signals coming from both the light and temperature sensor and then depending on the values from both sensors output to the motor that would be used to open or close a set of blinds. It would also be capable of being able to control a stepper motor which would require an algorithm to be run to allow for full control over the speed and direction of the motor. Most PIC microcontrollers would have been suitable for the system but there were some features that it did need to have. The first being that it needed to be able to read the signals from the sensors so at least two analogue PINs were required as both sensors communicated using an analogue output. The next specification that the device needed to meet was the number of PINs on the device as it would also need to have four PINs to control the stepper motor. The system also contained two indicator LEDs to show whether the system was in the automatic mode or in the manual mode, as well as four buttons so that both modes could be selected and so that the motor could be moved in a clockwise and anticlockwise direction while in the manual mode. The PIC that was selected also needed to be able to run at a suitable speed for the circuit in particular the motor which would require high speed for smooth operation. This speed was determined to be at least 4Mhz which would be more than capable of running the motor smoothly. It was also preferable if the PIC had an internal clock as this speed could then be easily adjusted using the program on the device and it would also simplify the circuit as less components would be required. This meant that the PIC would require at least 16 pins as 4 pins for power and ground would also be required. It  would also need a suitable amount of memory for storing the program onto it as well as it needed to be at least an 8 bit PIC. 
 The PIC that was chosen was the PIC18f4520 because it matched all of the specification and was available. However, there would be a better option such as the pic18f1220 which would more closely match the set specifications, but this wasn't available whilst the circuit was being tested. 
 
 
As part of the design on the system a temperature sensor would be used to determine the temperature of the room so that the PIC microcontroller would know whether to move the blinds accordingly. There were a few specifications that the temperature sensor that was used needed to meet if it was going to fully work with the rest of the system. These specifications were that it needed to operate in the 5V range as this was the voltage that was supplied to the circuit. It also needed to be able to accurately measure the temperature within the range of a typical temperature of a room. The communication method of the sensor also needed to be chosen as there were a few choices. These were I2C, analogue and rs232. Both I2C and rs232 would have required extra setup in the program and would require more wires in the circuit as both use more than one pin to connect to the PIC. Due to this it was decided that an analogue sensor would be used as it would be the easiest option to implement while still being accurate.  The temperature sensor that was chosen for the system was the LM35. It was chosen as it matched all of the previously listed specification, and it was readily available and low costing. 
The next component of the circuit was the light sensor. Like the temperature sensor it needed to work within the 5V range. Multiple communication methods for the sensor also could have been used such as rs232 and I2C. But like the temperature sensor an analogue sensor was chosen as it was easy to interface with the PIC microcontroller. The sensor also needed to be capable of detecting different sunlight levels so that it would be able to communicate changes in the light with the PIC. The sensor chosen was the HW5P-1 Ambient light detector Photosensitive sensor found for sale on thepihut.com as it was cheap and simple to implement into the system as well as it worked within the intended light range. When connecting the light sensor, a 10k ohm resistor was used to connect the negative pin to ground as shown in the diagram in the datasheet for the device. 
The system design also contained buttons which were used to switch the mode of the system between automatic and manual. When in manual mode two additional buttons could be used to rotate the motor in both the clockwise and anti clockwise directions which would move the blinds up and down accordingly. Two LEDs were also used which indicated which of the two modes the system was in. These LEDs where powered by a pin on the microcontroller and connected to ground using a 240 ohm resistor. The two buttons for mode switching were also connected to ground by using 10k ohm resistors, but the buttons for rotating the motor were wired the opposite way where they would be pulled low when actuated. 
 
There was also a 20x4 LCD screen included in the circuit design which was intended to testing purposes only. The reason for this was to give a visual representation of information that the sensors were outputting to the PIC. This made it easier to read the values so that the thresholds that would be set in the program could be set correctly. This however did require the PIC to include 7 more pins which wasn't an issue because the PIC18f4520 already had enough free pins for the LCD to be connected. 
 
Rechargeable battery system 
There were a two main things that the rechargeable battery system needed to be able to achieve in order to work as intended. The first thing would be that it needed to output a clean 5V signal so that it could be used with the other half of the circuit. The second thing was it needed to be able to have enough power stored to be able to power the system. 
To achieve a clean 5V signal a 7805-voltage regulator IC was used.  The 7805 requires a minimum input voltage of 7V to a maximum voltage of 30V to be able to output a 5V signal. This is due to there being a roughly 2V drop across the device. The device can also output a current of up to 1.5a which also made it suitable for the system. To ensure that the system was getting a clean 5V signal, two capacitors were used one on the input which was 0.33uf and one on the output which was 0.1uf as stated in the data sheet for the device. These capacitors may not have been necessary as the signal from the battery likely would have been clean without the capacitors, but they would still have an effect on the output. This circuit would also act as overvoltage protection for the rest of the system as it would still output 5v even if the input voltage spiked as long as it remained within the 7V-30V range. A power LED was also added to the circuit to show that it as powered correctly. 
The type of battery that was chosen for the system was a lithium polymer battery. The battery used had a voltage rating of 3.7V and a capacity of 1100mAh. The voltage meant that to get 5V into the system the voltage would need to be increased. There were a few ways that this could have been such as an Op amp circuit but the method chosen was to use a boost converter. The converter used was a TPS61040 from Texas instruments which could take an input voltage from 1.8V to 6V and output 12V. This would then be inputted into the voltage regulator circuit which would output 5V to the PIC. The converter has an internal switching current up to 400mA and output current of 40mA to 80mA. This was used on a breakout board from Adafruit which also contained the other necessary components to use the circuit as shown in the datasheet for the TPS61040. 
When charging a battery there are many different factors that need to be considered to ensure that the battery charges efficiently and safely. The first thing to consider when charging batteries is what type of batteries are being charged. There are many different types of batteries all of which have different chemical compositions that greatly affect the charging characteristics. For the circuit a lithium polymer battery was used so a charger IC was necessary to ensure that it could be charged correctly. For this a breakout board from dfrobot was used which included a cn3083 charger IC. This module was also compatible with solar panels which made it perfect for the system. The charger module has an input voltage from 4.4V to 6V with a charging cutoff voltage of 4.2V and it also has a maximum charging current of 500mA. It also allows for a output to be connected so the battery can be charged whilst it is powering the circuit. There are also two indicator lights for when the battery is charging and when it has been fully charged. 
 
To supply power to charge the battery a solar panel would be used. There were only two features that the panel would need to have to work with the system. The first being that the voltage should be within the range of the input for the charger module. The size of the panel also couldn't be too large as it would make the system less practical as a lot of space would be required to set it up. The panel that was chosen was a 2W solar panel with the dimensions of 80mm x180mm manufactured by seeedstudio. It had a normal operating voltage of 5.5V and a typical current of 360mA with an efficiency of 17%. 
 
 
 
System testing 
 
Simulation testing 
The first stage of testing that was carried out was creating a simulation of the circuit. This was done using proteus in which both the rechargeable battery circuit as well as the automated blind circuit were created. For the automated blind circuit, the program the PIC was also created so that it could also be tested. 
 
The first thing that was tested in the simulation using proteus was voltage regulator circuit. This used a 7805-voltage regulator IC which was capable of outputting 5V to the circuit. Alongside the 7805 two capacitors were used as recommended in the [39] datasheet for the device. These would help make sure that a clean 5V signal would be outputted to the system. In the simulation a range of input voltages were tested to help gather an understanding on how the input into the 7805 would affect the output. As shown below in figures 1, 2, 3 and 4 voltages lower and higher than 5 volts were both tested. These figures also show what the schematic design looked like voltage regulator circuit. 
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Figure 1
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Figure 2
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Figure 3
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Figure 4
 
When it came to testing the boost converter circuit the TPS61040 IC used wasn't available on proteus, and there were also no similar boost converter ICs which meant that the boost converter wasn't included in the simulation tests. The same went for battery charging IC as the cn3083 lithium ion charging IC also wasn't available in the proteus libraries. This meant that all of the battery charging testing had to be done physically and it was left out all together in the schematics and instead a standard battery with a 12V output was used. In the initial circuit schematic for the design a simulation of the solar panel was used where a separate 7805 voltage regulator circuit was created to simulate the input from an 8V solar panel which was simulated using a battery, but this was later removed due to it being deemed not necessary as the rest of the solar charging circuit wasn't possible to create on proteus. 
The motor drive circuit was also simulated using proteus. At first the circuit used a l293 motor driver IC to drive the stepper motor as shown in figure 5. This was needed as it would help supply the motor with a suitable amount of current to run smoothly. Using a motor driver to power the motor also helped with controlling the speed and direction of the motor as it could easily be interfaced with a PIC microcontroller to control the motor exactly as intended.  As shown in figure 5 all four of the input pins of the motor driver are connected to the first 4 pin of the D port of the PIC as well as the 4-output pin of the driver are connected to a stepper motor. Figure 5 also shows that the enable pins of the L293D and the power pins for the motor are supplied with 5V which means that the PIC is only used to control the speed and direction of the motor. 
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Figure 5
Although proteus has large libraries of different components there wasn't a sensor that was close to the specification of the light sensor that was to be used in the circuit. So instead, a potentiometer was used to simulate an analog input seen in figure 6. This did mean that no measurements regarding voltage and current could be tested but these would have likely differed with the real component regardless due to there being no way to simulate daylight in proteus. The values outputted from the potentiometer were used to set threshold values which helped give a good representation of how the physical circuit would operate. But these values were changed for the program used for the physical circuit. 
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Figure 6
The temperature sensor that was chosen was the lm35 which was included in the proteus libraries. This meant that it could be more accurately tested in the simulation than the light sensor. This was also used as an analog input into the PIC microcontroller and was used to determine a threshold that would determine when and in what direction that the motor should rotate in. This value was set to 41 which is the analogue input value at 20 degrees C which was chosen as a sensible temperature value that the system could be tested with. 
To display the information from the sensors an LM044L LCD was included in the schematic design shown in figure. This helped simplify the process of identifying the values that the PIC would read from the sensors. The LCD was also used when testing the program as the counters used to time how long the motor had been rotating for were displayed on the screen which made it easier to identify where any problems were occurring. However, the LCD was not included in the final schematic design as its only purpose was to help speed up the testing process. [image: A diagram of a circuit
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Figure 7
The schematic design also contained four push buttons seen in figure 8. Two of the push buttons were used to switch the mode of the system between automatic and manual. These buttons were externally powered and would input into the pick when pressed and were pulled to ground with a 240 ohm resistor. The other two buttons in the system where powered from pins on the PIC and would be pulled to ground when pressed. This was due to the way that the buttons were programmed in the code as the program expects those inputs to be pulled low. There were also two indicator LEDs one for when each of the two modes would be switched on see figures 9 and 10.
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Figure 8
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Figure 9
[image: A screenshot of a computer

AI-generated content may be incorrect.]
Figure 10
Program setup 
Alot of the time spent of testing was used for the program for the PIC microcontroller. This was written in C more specifically using the CCS for PIC which is a C compiler IDE. This program was chosen as it was able to be integrated directly into the proteus software which made it easier to make changes to the circuit and program. Multiple iterations of the program were created each of which would try to improve on the previous until the program was fully working as intended. There were multiple functions that needed to be performed by the program to ensure that it was working correctly. Before any code was written the program files had to be setup. The first file that was created was the main.H file which is the header file for the program seen in figure 11. This file is where the setup for the device occurs, so it is important that it is set up correctly. For this design multipler different fuses were set which can be seen in figure 11 as well as the speed of the device which was 8Mhz.
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Figure 11
Once the main.H file was created the main program could be written. The first things in the program were to refer it to the head files for both the main header file and the default header file for the device being used which can be seen in figure 12. Then both the B and D ports were set to be fast IO which was necessary in order to driver the motor as the outputs needed to be sent quickly to ensure smooth operation of the motor. Then the variables for the program were set which can be seen in figure 12. The motor speed variable was used as a delay between the output to the motor and was set to 10ms. Variables where then created named manual and autoset which would be used for the system to determine which mode should be on. Autoset was set to 1 by default so that the system would be in this mode when switched on. Then four variables were set for counters seen in figure 12, which unlike the other variables were long ints as the counter values would exceed 255. The final two variables were used to set whether the blinds were fully up or down as each one would be set if one of the two conditions was met.
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Figure 12
Main program 
Before the main while loop of the program multiple different things needed to be set shown in figure 13. The first of these being to output 0 on port b and d which would switch off all of the pins. 
The next step was to use the set_tris_b(0x03) which would set pin 0 and 1 to high on port b which would later be used for buttons to rotate the motor. Port D was set using the same set_tris command, but port d was configured as outputs. Then port _b_pullups was set to true which pulled all of the pin on that port high. 
Next the adc conversion time was set to 16 clock cycles shown in figure, which meant that adc conversions would be completed quickly. Then pin an0 to an3 where set as adc ports but the program only ended up using pin 0 and pin 1. Then the final stage was a small delay of 50ms to give the system time to process before entering the main loop. 
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Figure 13
Main loop 
Before any features were programmed into the main loop the command output_d(0); was again used to clear the pins on before d port so that they would always be set to low when the motor should be stopped. 
Then the first feature programmed into the main loop was to switch between the two modes using buttons. The program for this can be seen in figure 14 where the if(input()) command was used for both the c0 and c1 pins which the buttons were connected to. When the if statement was met pin c0 would set the system into manual mode by setting the manual variable and if and input on pin c1 was detected the program would set the autoset variable. If either of these variables were set the corresponding LED would be switched on. 
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Figure 14
The next stage of the main loop seen in figure 15, was used to rotate the motor a certain direction depending on if a button was pressed. These used while statements which meant that the program would stay in that loop as long as the button was pressed. The while statement also required that the manual variable had to be set, which removed any problems of the blinds automatically moving whilst being manually controlled. When the program was in these loops it would output a full step program to the motor with a set delay between output shown in figure, which would change the speed of the motor. Both of the loops used the same output values to the d port however one was reversed so that the motor would spin in the opposite direction. 
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Figure 15
Next the program would read the values from adc channels 0 and 1 and put the values into the temp and light variables shown in figure 16. 
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Figure 16
Then the next stage of the program was the code used for the system to automatically open or close the blinds. This can be seen in figure, where a threshold for the light variables value would be set which had to be met for the program to proceed. The values were<1 for when it would be dark and >2 for when it would be light. For the program to proceed other conditions also had to be met which were that the system was in automode and that the counter used in the loop had to be less than 350 which would relate to the amount of time that the motor would rotate. Counter set 2 also couldn't be set which was only done once the counter had reached a certain value. If all four conditions were met the program would remain in the loop until one of them wasn't. The loop would count up two different variables which would be used to stop the program running in the loop after they would reach a certain value. Then shown in figure once this value was reached the counter set 2 variable would be set as well as the counters for the opposite direction would be reset so that both loops would run for exactly the same time which would stop any issued with the blinds over rotating. This would also then remove the program from the loop where it would wait again for the next input.  
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Figure 17
 
 
 
Physical testing 
Like in the simulation the first thing that was tested was the 7805 circuit. This was created by using two capacitors which one being connected to the input pin of the device and the second being connected to the output over the device as seen in figure 18. This ensured that the output voltage was a 5V signal shown in figure 19. Once the circuit had been created a range of voltages were tested from 3.7v up to 12V see figures 20, 21 and 22,to determine if the circuit would be suitable and what input it would require in order to output 5V. The testing showed that a voltage of at least 7V would be necessary to get a 5V output signal a there was roughly a 2V drop across the 7805 voltage regulator. This circuit was created first so that higher voltage batteries could be used for testing without the need for a power supply. For example, a 6 AA cell in series battery pack was used before the rechargeable battery circuit was created. This battery pack would output roughly 9 volts see figure 23 which meant that the voltage needed to be regulated before being used to power the PIC. 
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Figure 18
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Figure 19
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Figure 20
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Figure 21
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Figure 22
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Figure 23
 
An LCD screen was also tested with the physical circuit so that analogue values of the sensors would be easier to read as they would be displayed on the screen. The LCD that was used was a 20x4 LCD manufactured by az delivery. However, after following the pin layout diagram in the datasheet of the device the backlight would turn on but the LCD did not display any characters on the screen. This could have been due many reasons with the most likely being that there was an issue with the program on the PIC. However, this may not have been the issue as there was a similar lcd connected in the proteus simulation which was functioning correctly so there could have also been an issue with the lcd itself. This meant that the LCD wasn't used with the circuit, which did not affect the outcome of the testing as it was only going to be used to help with the testing process. 
The next thing that was tested was the PIC microcontroller. In order to test the PIC the program first had to be programmed onto the device. This was done using the Pickit3 programming tool which needed to be connected to the PIC using a breadboard. There were 5 different pins that needed to be connected which can be seen in figure 24. These were master clear, VDD ,VSS PGD and PGC. To find which pins these where on the PIC the data sheet for the PIC18f4520 was referred to. These pins where then connected on a breadboard as seen in figure 25. The pickit 3 was then connected to a PC and the MPlab IPE was used to flash the hex file from the C program onto the device. At first a simple program was used which just blinked an LED to show that the PIC programmer worked and that the connections to the device were correct.  
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Figure 24
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Figure 25
The next step was to try the working program from the proteus file on the PIC. At first this was just the buttons and the motor to show that the motor was also working. To connect the motor to the pic the datasheet was referred to again to check that the connections were correct. The ULN2003 driver board for the motor connect to the main ground and power bus of the breadboard as shown in figure 26 . The driver board helped identify which inputs were being switched on as it included 4 leds which were connected to each of the four inputs and would light up when the corresponding input was on seen in figure 27. 
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Figure 26
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Figure 27
This was done first to test that the motor would be able to operate with the PIC and that the motor drive circuit was working correctly. As shown in the background research on stepper motors there are three main different ways that the motor could be driven all of which have their benefits, but for the application the motor was being used in the full drive configuration. This meant that the motor would spin with more torque than both the half drive and wave drive output configurations. To output to the motor using the full drive configuration two outputs into the motor driver would be on at the same time. In the program these values were outputted to the D port on the PIC using a binary value. There was then a delay and then a different binary value which would repeat for four cycles after which it would then return back to the start. 

After the motor was tested both the temperature and light sensor were tested. The temperature sensor was connected by connecting the left leg to power, the middle leg was the output and the right leg was the ground seen in figure 28. When measuring the output voltage using a multimeter the sensor would output roughly 247mV when the ambient temperature was around 18 degrees. The sensor was then moved into a hotter area which the output gradually rose to 276mV.  
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Figure 28
The light sensor was connected as shown in figure 29 where the longer pin was connected to power and the shorter pin to ground with a 10k resistor alongside the output. When covering the sensor the output was close to 0mV. Figure 30 shows the output from the light sensor when there is a regular amount of light, and figure 31 shows the output from the sensor when a torch is pointed at it from about 10cm away. In normal lighting conditions the sensor would output 5-6mV and when the torch was pointed at it the output was 60-70mV. This was done to understand how the sensor reacts when high intensity light is shone directly into it which is when the sensor is likely to output the maximum value. 
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Figure 29
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Figure 30
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Figure 31
Once the sensors were tested a more complex version of the program was programmed on the PIC. This program would add to the previous program and include the mode switching with buttons which were the next thing to be added to the circuit alongside the indicator LEDs. This program would also read the values from the sensor and would then output to the motor depending on if the values matched the thresholds set in the program. The two buttons for the mode switching were connected as shown in figure 32 as well as the LEDs which as seen in figure 33. Figures 34 and 35 show the LEDs when the system is powered, and each mode is selected. This is where an issue was ran into as the threshold values set in the program that worked correctly in the simulation didn't work with the physical sensors as the values needed to be much lower. The values where then changed to what to what they are in the final program which were calculated using trial and error of changing the values and then testing the sensors. These thresholds worked alot better with the system as the motor would now react to a light being shone into the light sensor and it would react to the sensor being covered. Due to ambient temperature being difficult to measure and change the code was commented out of the program to make testing it easier. This meant that to test the part of the program used to determine whether the blinds should be up or down was only dependent on the light sensor. 
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Figure 32
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Figure 33
[image: A circuit board with wires and lights

AI-generated content may be incorrect.]
Figure 34
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Figure 35


To show that the circuit design would be functional with blinds a cardboard tube with a piece of paper was attached to the motor using a stick shown in figure 36. This then showed what the system could look like if it was used for a real set of blinds. Once this was done the timings of the motor spinning needed to be adjusted so that it would stop once the piece of paper had been fully pulled down or up shown in figures 37 and 38. This was done by changing the values of the counters used to determine the duration that the motor would spin and then testing the circuit again until the correct values were found which ended up being a counter of 350 with a 40ms delay between each increment of 1 of the counter which ended up being 14 seconds before the motor needed to stop. 
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Figure 36
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Figure 37
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Figure 38

Once the blind system circuit was completed the total power draw was measured. This was done using a power supply to power to the circuit which showed the current draw on the display of the power supply. When the motor wasn't moving and the circuit was still running the current draw from the circuit was 48mA most of which would have been drawn by the PIC microcontroller. Once the motors were rotating the current draw from the circuit was measured at 217mA. The difference between the motor being on and off was 169mA which is slightly lower than the stated current draw on the 28byj-48 datasheet which states that it can draw up to 200mA but this is likely only when the motor is at full load which it wouldn't be under the conditions of the circuit. 
The final thing that was tested for the circuit was the battery charging circuit in particular the solar panel, Lipo battery, charging module and boost converts. The first thing that was tested for the charging circuit was the battery itself. It was firstly tested by itself using an LED to indicate that it was outputting power.  Measurements were also taken of the battery voltage using is multimeter which can be seen in figure 39. The battery was also tested by itself to power the 7805 where the voltage drop of the device can be seen shown in figure 40. The input voltage was measured at 3.64V going into the voltage regulator with the output being 1.55V meaning that there was roughly a 2V drop across the 7805. 
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Figure 39
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Figure 40
Next the solar panel was tested using an LED to indicate that it was supplying power seen in figure 41. Then the voltage was measured across the led using a multimeter which showed an output of 6.5V when in direct sunlight which can be seen in figure 42 and an output voltage of 2.2V was measured in indirect sunlight seen in figure 43. 
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Figure 41
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Figure 42
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Figure 43
Figure 44 shows how the solar panel and battery were connected to the module which was slightly more complicated as the jst port on the board had the polarities reversed compared to the battery, so an additional extension cable was needed to be able to connect the battery with the correct polarities shown in figure 44. The charging module had LED indicators for when the battery was charging shown in figure 44 and for when the battery was fully charged. However, the battery was plugged in over an 8 hour period after which the fully charged indicator still had not turned on so it is unclear if there is a problem with the indicator or the battery just wasnt charging long enough to be fully charged. 
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Figure 44
The final component that was tested was the boost converter which was connected to the output of the charging circuit as shown in figure 45. Once connected to the battery measurement of the output voltage of the boost converter were taken shown in figure 46. The output voltage of the boost converter was measured at roughly 12V, this was then used to power the 7805 voltage regulator circuit, where it would still output a roughly 5V signal. This was then used to power the automatic blinds circuit which it was capable of doing which out there being any issues with current.
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Figure 45
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Figure 46
 
 
Evaluation 
When comparing the results of the project with the objects that were set out at the start all of them were achieved. The project was also able to reach the main aim as a rechargeable battery powered window blinds system was investigated and successfully implemented. However, if this project was to be completed again more time would be spent trying to optimize the rechargeable circuit to improve the efficiency of the system. 
 
Conclusion and recommendations 
After background research had been conducted into existing systems, components and previous reports is was made clear that the system would be viable. The research into components also helped identify which components would be needed for the system to fully function and how they could be implemented into the design. 
For example, the type of battery used would have a large impact on the efficiency of the system which could have greatly affected its performance. This showed that either a lithium ion or polymer battery would be the best choice as perform alot better compared to other battery types. Narrowing down the battery type also helped identify other necessary components for the system such as the cn3083 battery charging IC which was required to ensure safe and proper charging of the battery. 
Another key component that was identified from the background research was the 28byj-48 stepper motor which was a key part in getting the blinds to operate successfully. Additional research into stepper motors also helped improve the program as sources gave suggestions on ways to drive the motor using microcontrollers. 
During the simulation testing and design of the system there weren't many issues with the biggest being that proteus did not have all of the components used in the circuit which meant that they only way to test them was to do it in person. 
The program design for the PIC was successful as it worked as intended but this was the most time-consuming section of the project as the program had to be modified throughout every stage of the design process to be able to adapt to changes in the circuit for example output values were different for the sensors in person as one of them could be tested on proteus. 
The physical prototype also worked with all of the components working with each other particularly the automated blind circuit as it worked as intended with the motor rotating depending on the outputs from the light and temperature sensors. The battery charging circuit also worked and it was capable of supplying enough power to the automated blinds circuit so that the motor could run. 
If this research was to be carried out further there would be a few recommendations that would be made. The first thing would be to look at improving the program for the automated blinds so that they would be able to move in small adjustments so that they aren't just in an open or closed state. The second recommendation would be to look at improving the battery charging circuit as the system mentioned in the report worked but could be more efficient particularly in the battery output stage as they voltage has to be boosted and reduced again to be able to work with the PIC circuit. Also, higher power motors could be looked at as the motor used likely wouldn't work with lots of sets of blinds to the torque being relatively low compared to the weight of the blinds. Implementing the system into a mobile app is another recommendation for the project but other recommendations should be explored first as they would benefit the system more. 
 
 
 
 
Reflection 
When looking back at the project there were a lot of skills that were learned. For me the biggest one being the physical circuit design aspects as I didn't have a lot of experience making circuits before this project. The project also brought together a lot of skills that were learned whilst studying which had only been applied whilst they were taught and not much after, the main one being programming in the C language which I did have a bit of experience doing but I never really got anything working fully. 
 When looking at how the project ended up, it was close to what was expected when I first thought of the idea. It works as intended but there are some improvements that would be made if it was to be done again. The biggest being that it worked as a prototype, but the system likely wouldn't work for an actual set of blind meaning that it just works in theory but i am still happy with the way it worked out.  
If there was going to be one main thing that I would do differently next time I'm working on a project, it would be to manage my time more efficiently as I feel that there were times whilst the project was being completed where I was lazy especially when there was lots of time left, as I ended up leaving lots of work until about a month before it was due in which then meant that I had to rush to get somethings done in particular the testing due to the fact that when ordering certain components as some of them took longer to get delivered than expected which added a delay to testing certain parts of the circuit. This could have been easily avoided if the research into the components was done earlier into the project so that they could have also been ordered earlier and thus longer could have been spent on testing. 
There were also some things while completing the project that took longer than they should have with the main one being trying to get the physical LCD screen to work which I spent about 4 hours trying just to give up in the end because I felt that I was wasting time which could have been spent testing more important parts of the project. Overall though I'm an happy with what was achieved with my project and there are definitely skills that were learned during it that will be used in the future. 
More exact research into components would have also improved the project because there were times when components were purchased which turned out to be either unnecessary or they just didn't work with the system leading the total cost to build the system being higher than necessary.  
Overall, I feel that the project was successful but there were a few main things to take away from it to improve next time. As stated above the main thing that would be done differently would be time management where more time would be used toward the start of the project so that any issue could be identified earlier which would leave there more time to address them. There could be many ways to help with time management, specifically having a good plan such as a Gantt chart for when tasks should be completed and setting deadlines that should be followed which would help the project stay on track. 
The other main take away from the project was the skills that were learned whilst completing it such as physical circuit design and building which will be used for any projects in the future. Other skills such as programming and circuit simulation skills would also be used in future projects where necessary especially in the development stages of a project. 
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mainc[)  manh B

1 osinclude ctsFaszo.h>
2 #device ADC-10

3

4 #Fuses NoWDT //No Watch Dog Timer

5 #FUSES FCMEN //Fail-safe clock monitor enabled

6 #FUSES TESO 7/Internal External Switch Over mode enabled
7 #FUsEs PUT //Power Up Timer

B #FUSES BROWNOUT 7/Reset when brownout detected

9 #FUSES BORV27 //rownout reset at 2.7V

10 #FUSES LPTI0SC //Tiner1 configured for Low-power operation
11 #FUSES NOPROTECT 7/Code not protected from reading

12 #FUSES NOWRT 7/Program memory not write protected

13 #FUSES NOEBTR //Memory not protected from table reads

1

15 suse delay(clock-5000000)

16

17

18

19
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main.c @ mainh

1 /% nain.c file generated by New Project wizard with sensors
2

3 % Created: led Apr 2 2025

4 * Processor: PICI8F4520

5 * Compiler: CCS for PIC

6 v

7

5

B

16 #include <1874520.h> //include device header file

11 #include <main.h> //include main header file

12

13

14 suse fast_io(s) //allow pic to use fast input/output on port B
15 #use fast_io(D) //allow pic to use fast input/output on port D
16

17

18

19 //variables

20 unsigned int motorspeed

21 unsigned int manual=a;

22 unsigned int autoset=l;

23 unsigned int temp;

24 unsigned int light;

25 unsigned long int counterl=a;

26 unsigned long int counter2a;

27 unsigned long int counterlset=a;

28 unsigned long int counter2set=a;

29 unsigned int counter2set2=a;

30 unsigned int counterlset2-0;
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void main() //main program

=ie
output_b(0); //output 6 on port b
output_d(0) 5 //output @ to port d
set_tris_d(0); //set port d to output
set_tris_b(ex83);  //set pind and 1 to high on port b

port_b_pullups(TRUE);  //set port b pins high using pullups

setup_adc (ADC_CLOCK_DIV_16); // set ADC conversion time to 16 clock cycles
setup_adc_ports(ANG_TO_AN3, VSS_VDD); // configure port ad to a3 to analog
delay_ms(50); //56ms delay
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while(TRUE) // main Loop

output_d(0) //output @ to port d

1F(input(PIN_CO))
{

autoset=

if (manual>=1)
{
output_high(pin_c4);
output_low(pin_c5);
¥

1 (input(PIN_C1))
{

autoset=1;
counter1=0;

if (autoset>=1)
{
output_high(pin_C5);
output_low(pin_c4);
¥

J/3f button is pressed

//set autoset Low
//set manual. high

//if manual>=1
//switch red LED on
// switch green led off
J/3f button is pressed
//set manual to 6
7/ set autoset to 1

//reset counter 1
//reset counter 2

//3f autoset variable is set

//switch green Led on
//swtich red led off
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81 while(! input(PIN_80) 8& manual>0) //if pin b6 is pulled Low and manual is>6
828

5 output_d(ab00000011) 5 J/output full step sequence to motor to spin in anti clockwise direction
5 delay_ps (notorspead); 7/delay to control. motor speed
85 output_d(0600000110) 5
86 delay_ms (notorspeed) s
&7 output_d(0600001100) 5
8 delay_ms(notorspeed) s
8 output_d(0600001001) 5
% delay_ms(notorspeed) s
a1 3
2 while(! input(PIN_B1) 88 manual>a) //if pin b1 is pulled Low and manual i5>0
58
% output_d(0600001001) 5 /output full step sequence to motor to spin in clockwise direction
B delay_ps (notorspeed); 7/delay to control. motor speed
% output_d(0600001100) 5
97 delay_ms (notorspeed) s
% output_d(0600000110) 5
9 delay_ms(notorspeed) s

100 output_d(0b00000011) 5

101 delay_ms(notorspeed) s

102 3

103

108 {

105 set_ade_channel(0); //set ade to pin ano

105 tenp = read_ade(); 7/set value of ano to temp

107 set_ade_channel(1); 7/set ade to pin an1

105 Light = read_ade(); 7/set value of ant to Light

109 3

110
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set_ade_channel(0);
temp = read_adc();
set_ade_channel(1);
1ight = read_ade();

//set ade to pin ano
//set value of ano to temp
//set ade to pin ant

//set value of ani to Light
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13 while(light>2 8& manual<=0 &% counterl<350 8& counterlset2<=0) // if Light threshold is met and manual=0 and counter 1 is less than 350 and is counterlset2 isnt set

128 T
1s counterlet; //add to counter1

16 counterdsetts; 7/add to counteriset

17 output_d(eb00001001) 5 J/output full step sequence to motor to spin in clockwise direction
pred delay_ns(motorspeed) ; /delay to control. motor speed
119 output_d(eb00001100) ;

120 delay_ns(motorspeed) ;

121 output_d(eb0000110) 5

122 delay_ns(motorspeed) ;

123 output_d(eb0000011) 5

124 delay_ns(motorspeed) ;

125

126 $F(counterlset>349 84 manual<=0) //if counteriset>349 and manual-0
1278 i

128 counter2=0; J/reset counter 2

129 counter2set=0; U/reset counteraset

130 counterdset2: V/set counterisetz to 1

131 counter2set2: V7set counterzset to 1

132 3

133

134 3

135

136

137

138

139 while(light<l 88 manual<=0 82 counter2<350 &% counter2set2>=l)  // if Light threshold is met and monual=0 and counter 2 is less than 350 and is counter2set? isnt set
108 T

181 counter2it; //add to counterz

142 counter2setis; //add to counterzset

143 output_d(eb0000011) 5 Joutput full step sequence to motor to spin in anticlockise direction
144 delay_ns(motorspeed) ; /delay to control. motor speed
1a5 output_d(eb0000110) 5

146 delay_ns(motorspeed) ;

147 output_d(eb00001100) ;

148 delay_ns(motorspeed) ;

149 output_d(eb00001001) 5

150 delay_ns(motorspeed) ;

151

152 $F(counter2set>349 88 manual<=0) /7 if counter2set>349 and manual=o
1538 i

154 counter1-0; J/reset counter 1

155 counterdset= J/reset counteriset

156 counterlset2=d; V7set counteriset to 0

157 counter2set2=0; V7set counterzsetz to 0

158 3

.
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