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[bookmark: _Toc108031958]Executive Summary
The whole procedure includes reading data from several sensors, evaluating it digitally, and then determining the precise location of the sun in relation to the east and west. Once more, the system is provided with certain fixed values based on the sun's position in relation to the north and south axes of the earth. The system as a whole is capable of tracking the sun's movement both in a horizontal and vertical axis. The entire system is split into two components to streamline the design and implementation process.
These are listed below:
Designing a mechanical system (A) or an electrical circuit (B).
Design of mechanical systems 
(A). Because the goal was to create an energy-efficient solar tracking system, which required the tracking motors to operate intelligently, assembling the mechanical system was the most difficult aspect of this system.
Electrical circuit design:
(B). Three units essentially make up the entire electrical system. These are the movement adjustment unit, the control unit, and the sensor unit. Light, time, and position are three separate parameters that the sensor unit senses and translates into the necessary electrical impulses. The control unit receives the electrical signals from the sensor unit at that point.
A device called solar tracking is designed to increase power output, particularly for photovoltaic solar panels. In this research, a small-scale functioning model was created for demonstration reasons after a full-scale Dual-Axis Solar Tracker System was examined in challenging weather circumstances. SKF has the chance to access all four sectors with a single product by industrializing the dual axis solar tracker. The difficult part is demonstrating that the product is technically sound and cost-effective.
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Chapter 1: Introduction 
Due to the inevitable future depletion of fossil fuel inventories, renewable energy sources have gained the interest among researchers, entrepreneurs, investors, and decision-makers worldwide. Some of the emerging sources of energy include hydroelectricity, biomass, solar, wind, and geothermal. They are seen to be acceptable alternatives to fossil fuels since they are renewable. Among such types of energy, photovoltaic systems (PV) energy is among the most frequently used. Solar cells are now being implemented more commonly in homes as a result of research and development programs to improve their efficiency and lower their cost. According to the World Energy Council (IEA), solar panel capacity has expanded by an average of 49% yearly since the early 2000s.
1.1. [bookmark: _Toc505635294][bookmark: _Toc505637897][bookmark: _Toc505635605][bookmark: _Toc505635195][bookmark: _Toc505635096][bookmark: _Toc505635399][bookmark: _Toc108031963]Background 
[bookmark: _Hlk505614578]Renewable energy, especially green energy, is greatly needed and in demand. In the future, we'll need an energy source that will be available to future generations as a sustainable energy source. We need to develop our green energy market for a number of reasons, including the need for a sustainable energy market as well as the need to provide future generations with renewable energy. In contrast to oil, which has clearly not grown sustainably in recent years, green energy has. Electricity is necessary to run most of our daily activities, including running our homes, businesses, and other establishments, and its production requires large power plants that cost billions of dollars to operate. But what if we could eliminate the need for all the resources that go into producing this energy and instead use green energy to supply power directly to users like corporations, the military, or even individual homes.

1.2. [bookmark: _Toc505635097][bookmark: _Toc505635400][bookmark: _Toc505635606][bookmark: _Toc505635295][bookmark: _Toc505637898][bookmark: _Toc505635196][bookmark: _Toc108031964]Motivations and Challenges 
The project's inspiration stemmed from solar energy's societal impact. Solar panels and other energy-saving devices must be employed to their fullest extent in the face of a worldwide energy crisis. The need for techniques that can maximize their energy gathering is therefore great. Solar tracking systems are one of these techniques. The use of these devices has increased over the past ten years, giving rise to various tracking systems. In fact, a former CWU student has already finished a solar tracker. The goal of this project is to create a fully functional, dual-axes, active solar tracker that will outperform the current version. Through an unprecedented period of technological development, humanity has grown enormously dependent on energy. The source of electricity has become the most important responsibility for society. The solar cell was created in an effort to expand the supply of electricity. A solar cell is a device that uses the photoelectric effect to capture light energy directly into electricity.

1.3. [bookmark: _Toc505635197][bookmark: _Toc505635296][bookmark: _Toc505635401][bookmark: _Toc505637899][bookmark: _Toc505635607][bookmark: _Toc505635098][bookmark: _Toc108031965]Goals and Objectives
The dual-axis tracker's main goal is to track the sun's position in order to use energy as efficiently as possible. The change in angular velocity is estimated using the assumption that the tracker would change positions every.01 seconds and the assumption that the sun moves at a speed of 15 degrees per hour. Appendix A2 contains the analysis, while Appendix B5 contains references to the data.
1.4. [bookmark: _Toc505635099][bookmark: _Toc505635608][bookmark: _Toc505637900][bookmark: _Toc505635198][bookmark: _Toc505635297][bookmark: _Toc505635402][bookmark: _Toc108031966]Literature Review/Existing Solutions 
The use of solar energy has another issue. Due to the Earth's perpetual motion, permanent solar energy panels are typically not oriented straight toward the sun. If this system's failure to achieve the highest efficiency is the result. The bigger option for using this technology to get the entire output power is the solar tracking equipment. This is the main justification behind the implementation of the solar tracker project. The solar tracking system must move with the sun in addition to creating more electricity. Indirectly, the cost of putting up more photovoltaic power will likely decrease. Solar electricity, which is only accessible in additional equipment, has the major drawback that it means controlling a significant time to adjust the sun's beams.

1.5. [bookmark: _Toc505635199][bookmark: _Toc505635609][bookmark: _Toc505637901][bookmark: _Toc505635298][bookmark: _Toc505635100][bookmark: _Toc505635403][bookmark: _Toc108031967]Gap Analysis
The scope of testing and evaluation will be narrowly focused on one component in respect to the stated need and performance forecast and won't need to assess other factors as severely. For instance, straightforward calculations or measurements will be used to assess the weight, price, and construction. On the other hand, the tolerance of the axis ranges is a very significant aspect that needs to be checked and given a more thorough evaluation. The altitudinal axis must be able to maintain a degree that optimizes energy absorption while retaining above a set angle in order to avoid structural collapse. A minimum 180-degree rotation of the azimuthal axis is required. The PV's theoretical power output will indeed be contrasted with both the findings of the analysis to ensure that the panel can establish a horizontal relationship with the sunshine within 1-3 deg of fall off.
1.6. [bookmark: _Toc505635404][bookmark: _Toc505635610][bookmark: _Toc505635299][bookmark: _Toc505635200][bookmark: _Toc505635101][bookmark: _Toc505637902][bookmark: _Toc108031968]Proposed Solution 
In order to ensure that photovoltaic arrays receive the maximum amount of sunshine all through the day, solar panels are installed atop a device called a solar tracker, which monitors the sun's course across the sky. After discovering the sunlight, the tracker will make an effort to travel through the path to make sure the right sunlight is collected. Single-axis solar monitors and the double sunlight trackers are the two types of sensor mounts that are available. On single-axis solar trackers, the axles can be either two - dimensional. The horizontal form is used in tropical regions where the sun rises relatively high at midday but the days are short. While summer days can be quite long and the sun somehow doesn't rise very high at higher elevations, the vertical type is a worker. The solar tracker system is the most basic and popular method.
1.7. [bookmark: _Toc505637903][bookmark: _Toc505635102][bookmark: _Toc505635300][bookmark: _Toc505635201][bookmark: _Toc505635611][bookmark: _Toc505635405][bookmark: _Toc108031969]Project Plan
In this section, we'll split up the work among our team members according to a weekly schedule. It is described as per timetable in the large chart. Finding the best source of sunlight for the solar panel is another objective of this project. The project divides hardware and software development into two different segments. As the world's population increases, we are concerned that we will run out of electricity. Hydroelectric plants, nuclear reactors, windmills, and solar arrays are just a handful of the many ways to generate electricity. These two sources of energy aren't renewable, therefore we can't rely completely on them. It is challenging to harness nuclear and hydroelectric energy. Both solar and wind energy are renewable sources of energy, and numerous power plants have been constructed using these technologies as of late. We are developing trackers with two axes or two orientations. In this arrangement, the direction of the solar panel can be changed in both X and Y directions. This increases the effectiveness of the solar system by allowing the Sun's rays to be focused more accurately. The proposed tracking method is more efficient in tracing the sun due to PV panel rotation on two axes. The tracker is built using two stepper motors, four LDR sensors, and a PIC microprocessor. Using light sensor and one motor, the tracker is oriented towards to the sun. The tracker is oriented to approach the sun's north-south rays using the other set of sensors and the motor at its base. Only two stepper motors are employed in this arrangement. The lower panel holder follows the sun's parabolic path, while the upper panel holder follows it linearly using stepper motors. In order to operate the stepper motors and sensors, an Arduino microcontroller is needed. The microprocessor issues the command to the motors based on the information from the sensors. When the LDR sensors detect light, a signal is sent to the microcontroller.

1.7.1. [bookmark: _Toc505637904][bookmark: _Toc505635406][bookmark: _Toc505635301][bookmark: _Toc505635103][bookmark: _Toc505635612][bookmark: _Toc505635202][bookmark: _Toc108031970]Work Breakdown Structure
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[bookmark: _Toc505635104][bookmark: _Toc505637905][bookmark: _Toc505635203][bookmark: _Toc505635302][bookmark: _Toc505635407][bookmark: _Toc505635613]










1.7.2. [bookmark: _Toc108031971]Roles & Responsibility Matrix

	WBS #
	WBS Deliverable
	Activity #
	Duration
(# of Days)
	Responsible Team Member(s) 
& Role(s)

	2.1
	Planning 
	
	         5
	Rashid Latif

	2.2
	1.1.Requirments analysis
	     1
	       10
	M. Ali

	2.3
	1.1. System Design
	     2
	       15
	Rashid Latif

	2.4
	1.1. Implementation
	     3
	       20
	Rashid Latif

	2.6
	Final Documentation Introduction
	     4
	       25
	M. Ali

	2.5
	Testing & Performance Evaluation
	     5
	       35
	M. Muazam

	2.7
	Conclusion & Outlook
	     6
	       40
	M. Muazam

	2.8
	End User Documentation
	     7
	       45
	M. Ali

	2.9
	System Administrator Documentation
	     8
	       50
	M. Muazam

	2.10
	Database
	    9
	       55
	Rashid Latif





1.7.3. [bookmark: _Toc505637906][bookmark: _Toc505635303][bookmark: _Toc505635408][bookmark: _Toc505635614][bookmark: _Toc505635105][bookmark: _Toc505635204][bookmark: _Toc108031972]Gantt chart
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1.8. [bookmark: _Toc505635205][bookmark: _Toc505635106][bookmark: _Toc505635615][bookmark: _Toc505635409][bookmark: _Toc505637907][bookmark: _Toc505635304][bookmark: _Toc108031973]Report Outline
A hardware-based solution system called the Dual Axis and Solar Tracking System enables users to track the sun's location for best energy efficiency. Its architecture is able to track the sun's azimuth and elevation and adjust the solar panels to achieve maximum smoothness at any time or location transverse direction universities with electrically controlled device layout, sensors, embedded controllers, AC motors, and the GSM automated report of failure notification. This ensures that solar panels always face the sun and enables them to function at their most effective level. With a dual-axis architecture, this system uses four groups of CDS as sensing elements to detect voltage changes and calculate the sun azimuth angle. The integrated controller serves as the main system controller. An AC motor and motorized faders (EW) can be used to lock perpendicular solar panels into position (north-south). Software written in C allows for quick and precise tracking of solar angular positions and can also operate on two axes. In comparison to a fixed solar power system, our testing findings demonstrate that combining a dual-axis solar tracking system with a solar power system increases generating power capacity by 30% and has a low failure rate. By utilizing this technology, conventional tracking systems can be made more reliable and more beneficial.









[bookmark: _Toc505635616][bookmark: _Toc505635107][bookmark: _Toc505635305][bookmark: _Toc505635410][bookmark: _Toc505637908][bookmark: _Toc505635206][bookmark: _Toc108031974]Chapter 2
[bookmark: _Toc108031975][bookmark: _Toc505635108][bookmark: _Toc505635411][bookmark: _Toc505635207][bookmark: _Toc505635306][bookmark: _Toc505635617][bookmark: _Toc505637909]Software Requirement 
[bookmark: _Toc108031976]Specifications






Chapter 2: Software Requirement Specifications 

2. [bookmark: _Toc505636641][bookmark: _Toc505635307][bookmark: _Toc505636744][bookmark: _Toc505636847][bookmark: _Toc505635109][bookmark: _Toc505635208][bookmark: _Toc505637055][bookmark: _Toc505636951][bookmark: _Toc505635618][bookmark: _Toc505637910][bookmark: _Toc505635412][bookmark: _Toc505637788][bookmark: _Toc108030508][bookmark: _Toc108031135][bookmark: _Toc108031436][bookmark: _Toc108031977][bookmark: _Toc439994665][bookmark: _Toc441230972]
2.1. [bookmark: _Toc505635110][bookmark: _Toc505635209][bookmark: _Toc505635308][bookmark: _Toc505635413][bookmark: _Toc505635619][bookmark: _Toc505637911][bookmark: _Toc108031978][bookmark: _Toc441230974][bookmark: _Toc439994668]Introduction
[bookmark: _Toc108031979]2.1.1   Purpose

Normally, a mirror is oriented and sunlight is directed along a fixed axis towards a stationary receiver using dual-axis tracking. Because they monitor the sun both vertically and horizontally, these trackers help to maximize solar power generation.

2.1.1. [bookmark: _Toc505635211][bookmark: _Toc505637913][bookmark: _Toc505635415][bookmark: _Toc505635621][bookmark: _Toc505635112][bookmark: _Toc505635310][bookmark: _Toc108031981]Document Conventions
[bookmark: _Toc441230975][bookmark: _Toc439994669]A solar tracker is essentially a gadget that solar panels are mounted on that follows the sun's path across the sky to make sure that the panels receive the most sunlight possible throughout the day. The tracker will attempt to go through the path after locating the sunlight to make sure the best sunlight is picked up. There are two different types of tracker mounts: single-axis solar trackers and double-axis solar trackers.
2.1.2. [bookmark: _Toc505637914][bookmark: _Toc505635416][bookmark: _Toc505635113][bookmark: _Toc505635212][bookmark: _Toc505635622][bookmark: _Toc505635311][bookmark: _Toc108031983]Intended Audience and Reading Suggestions
[bookmark: _Toc439994670][bookmark: _Toc441230976]The dual axis system's target market is any place that uses electricity, including residences, businesses, cooperative sectors, and mills. All audiences are included in our audience, just as there are three different audiences: distinct populations: the "lay," "managerial," and "experts" audiences. The "lay" audience is the group of inexperienced professionals. They relate to articles' human-interest elements. We will include a book with the project so that everyone can quickly learn how to use it properly. We will also include a tangible comment area on the project.

2.1.3. [bookmark: _Toc505635114][bookmark: _Toc505635417][bookmark: _Toc505635623][bookmark: _Toc505637915][bookmark: _Toc505635312][bookmark: _Toc505635213][bookmark: _Toc108031984]Product Scope
[bookmark: _Toc439994672][bookmark: _Toc441230977]The tracking capability and longevity can be extended by using more powerful motors, but the cost will be slightly higher. However, utilizing Arduino instead of the microcontroller board will make it less expensive, albeit being more challenging. Whether they are single-axis or dual-axis, solar trackers will aid in maximizing solar energy. It now seems to be quite relevant in terms of the future of the solar tracker industry. When compared to a stationary PV system, photovoltaic tracking systems with single and dual axes, as well as the proper control systems, can boost electrical energy by 22–56 percent. The most prevalent and effective types of control are those based on sensors and microprocessors.

2.1.4. [bookmark: _Toc505635115][bookmark: _Toc505635418][bookmark: _Toc505637916][bookmark: _Toc505635624][bookmark: _Toc505635313][bookmark: _Toc505635214][bookmark: _Toc108031985]References
https://digitalcommons.cwu.edu/cgi/viewcontent.cgi?article=1094&context=undergradproj
http://fypsaya.blogspot.com/p/my-proposal.html
https://rcciit.org/students_projects/projects/ee/2018/GR1.pdf

2.2. [bookmark: _Toc505635116][bookmark: _Toc505635625][bookmark: _Toc505635419][bookmark: _Toc505635215][bookmark: _Toc505637917][bookmark: _Toc505635314][bookmark: _Toc108031986]Overall Description
2.2.1. [bookmark: _Toc505637918][bookmark: _Toc505635315][bookmark: _Toc441230979][bookmark: _Toc505635117][bookmark: _Toc505635216][bookmark: _Toc505635420][bookmark: _Toc439994674][bookmark: _Toc505635626][bookmark: _Toc108031987]Product Perspective
[bookmark: _Toc439994675][bookmark: _Toc441230980]A solar tracker is essentially a gadget that solar panels are mounted on that follows the sun's path across the sky to make sure that the panels receive the most sunlight possible throughout the day. The tracker will attempt to go through the path after locating the sunlight to make sure the best sunlight is picked up. There are two different types of tracker mounts: single-axis solar trackers and double-axis solar trackers. Axles on single-axis solar trackers can be either horizontal or vertical.
2.2.2. [bookmark: _Toc505635627][bookmark: _Toc505637919][bookmark: _Toc505635421][bookmark: _Toc505635118][bookmark: _Toc505635316][bookmark: _Toc505635217][bookmark: _Toc108031988]Product Functions
The dual-axis tracking device moves in sync with the sun to maximize solar energy collecting. Polar-axis tracking and altitude-azimuth tracking are the two subcategories of the dual-axis tracking system based on the kind of axis. Polar-axis tracking is also known as spinning-elevation tracking. Single-axis solar trackers and double-axis solar trackers are the two types of tracker mounts that are available. On single-axis solar trackers, the axles can be either vertical or horizontal.

[bookmark: _Toc441230981][bookmark: _Toc439994676]
2.2.3. [bookmark: _Toc505635317][bookmark: _Toc505635218][bookmark: _Toc505635119][bookmark: _Toc505637920][bookmark: _Toc505635422][bookmark: _Toc505635628][bookmark: _Toc108031989]User Classes and Characteristics
[bookmark: _Toc441230982][bookmark: _Toc439994677]When a user installs Dual Axis Solar Detection, it truly functions as an autonomous drive system that runs without any input from the user. If an issue does arise, however, the user may simply attach an Arduino device to the system to fix it.
2.2.4. [bookmark: _Toc505635318][bookmark: _Toc505635219][bookmark: _Toc505635423][bookmark: _Toc505637921][bookmark: _Toc505635120][bookmark: _Toc505635629][bookmark: _Toc108031990]Operating Environment
At mega Microcontroller
Solar Panel
Servo Motor
· DC Motor
· Rain Sensor
· Humidity Sensor
· Temperature Sensor
· Resistor
· Capacitors
· Transistors
· Cables and Connectors
· Diodes
· PCB and Breadboards
· LED
· Transformer/Adapter
· Push Buttons
· Switch
· IC
· IC Sockets
· Arduino Compiler
· Programming Language: C

[bookmark: _Toc439994678][bookmark: _Toc441230983]
2.2.5. [bookmark: _Toc505635319][bookmark: _Toc505635220][bookmark: _Toc505635424][bookmark: _Toc505635121][bookmark: _Toc505635630][bookmark: _Toc505637922][bookmark: _Toc108031991]Design and Implementation Constraints
[image: Screenshot (106)]
[bookmark: _Toc439994679][bookmark: _Toc441230984]This is how the hardware implementation of this project appears. Here, the LM358 low power dual operational amplifier is used to test an LDR, a photo diode, and a photo transistor. These are then linked to the Stepper motor driver and Arduino microcontroller, respectively.
2.2.6. [bookmark: _Toc505635221][bookmark: _Toc505635425][bookmark: _Toc505635122][bookmark: _Toc505635320][bookmark: _Toc505637923][bookmark: _Toc505635631][bookmark: _Toc108031992]User Documentation
[bookmark: _Toc439994680][bookmark: _Toc441230985]List the user documentation materials that will be included with the programmer, such as user manuals, online assistance, and tutorials. Please include any existing distribution formats or standards for user documentation.
2.2.7. [bookmark: _Toc505635321][bookmark: _Toc505635222][bookmark: _Toc505635426][bookmark: _Toc505635632][bookmark: _Toc505635123][bookmark: _Toc505637924][bookmark: _Toc108031993]Assumptions and Dependencies
In order to finish all the pieces of the solar tracking system, we will assemble it ourselves and use aftermarket items as necessary.


2.3. [bookmark: _Toc505637925][bookmark: _Toc505635322][bookmark: _Toc505635124][bookmark: _Toc441230986][bookmark: _Toc505635427][bookmark: _Toc505635633][bookmark: _Toc439994682][bookmark: _Toc505635223][bookmark: _Toc108031994]External Interface Requirements
[bookmark: _Toc441230987]
2.3.1. [bookmark: _Toc505635428][bookmark: _Toc505635224][bookmark: _Toc505635323][bookmark: _Toc505637926][bookmark: _Toc505635125][bookmark: _Toc505635634][bookmark: _Toc108031995]User Interfaces
[bookmark: _Toc439994684][bookmark: _Toc441230988]A tiny LCD in the Dual Axis Solar System simply displays voltage or the detection of the sun and rain.
There is no intricate or common user interface in this project.
[image: images]

2.3.2. [bookmark: _Toc505635324][bookmark: _Toc505635126][bookmark: _Toc505635429][bookmark: _Toc505635635][bookmark: _Toc505637927][bookmark: _Toc505635225][bookmark: _Toc108031998]Hardware Interfaces
· DC Motor
· Rain Sensor
· Humidity Sensor
· Temperature Sensor
· Resistor
· Capacitors
· Transistors
· Cables and Connectors
· Diodes
· PCB and Breadboards
· LED
· Transformer/Adapter
· Push Buttons
· Switch
· IC
· IC Sockets

2.3.3. [bookmark: _Toc505635430][bookmark: _Toc505635226][bookmark: _Toc505637928][bookmark: _Toc439994685][bookmark: _Toc505635636][bookmark: _Toc441230989][bookmark: _Toc505635127][bookmark: _Toc505635325][bookmark: _Toc108031999]Software Interfaces
[bookmark: _Toc441230990][bookmark: _Toc439994686]The application will be having the user interface only.

2.3.4. [bookmark: _Toc505635637][bookmark: _Toc505635326][bookmark: _Toc505635431][bookmark: _Toc505635227][bookmark: _Toc505637929][bookmark: _Toc505635128][bookmark: _Toc108032000]Communications Interfaces
Describe the specifications needed for any communication features this product may require, such as email, a web browser, network server communications protocols, electronic forms, etc. Please offer any message formats that are required. Indicate any communication standards that will be used, such as HTTP or FTP. Data transfer rates, synchronization processes, and any issues with communication security or encryption should all be mentioned.
[bookmark: _Toc441230991][bookmark: _Toc439994687]
2.4. [bookmark: _Toc505635228][bookmark: _Toc505635327][bookmark: _Toc505637930][bookmark: _Toc505635638][bookmark: _Toc505635432][bookmark: _Toc505635129][bookmark: _Toc108032001]System Features
1. [bookmark: _Toc441230992][bookmark: _Toc439994688]ON/OFF lights
2. Led Indictors
3. Sensor Alerts
4. 360 Angle Rotation
5. Panel Auto Rotation
2.4.1. [bookmark: _Toc505635130][bookmark: _Toc505635328][bookmark: _Toc505635639][bookmark: _Toc505635433][bookmark: _Toc505637931][bookmark: _Toc505635229][bookmark: _Toc108032002]System Feature 1
2.4.1.1. [bookmark: _Toc505637932][bookmark: _Toc505635131][bookmark: _Toc505635230][bookmark: _Toc505635640][bookmark: _Toc505635434][bookmark: _Toc505635329][bookmark: _Toc108032003]Description and Priority
[bookmark: _Toc505635330][bookmark: _Toc505635435][bookmark: _Toc505635132][bookmark: _Toc505635231][bookmark: _Toc505635641][bookmark: _Toc505637933]Dual-axis systems function similarly to single-axis systems, but they are more effective in absorbing solar energy because they spin their axes along vertical and horizontal axes. Panel. In solar tracking systems, solar panels are mounted on a movable frame to follow the direction of the sun throughout the day. Patterns of stimuli and reaction.

2.4.1.2. [bookmark: _Toc108032005]Stimulus/Response Sequences
List the user activities and system responses that cause the desired behavior as specified in the feature's requirements. These will correspond to the dialogue-related use-case components.
2.4.1.3. [bookmark: _Toc505635232][bookmark: _Toc505635436][bookmark: _Toc505635133][bookmark: _Toc505635642][bookmark: _Toc505637934][bookmark: _Toc505635331][bookmark: _Toc108032006]Functional Requirements
[bookmark: _Toc441230993][bookmark: _Toc439994689]Through the Arduino device the user will operating and controlling the Solar tracking system
 REQ-SF1-1: Check Weather detection
 REQ-SF1-2: Rotation Control
REQ-SF1-3: Auto On/Off
REQ-SF1-4: Power Generation
REQ-SF1-5: Photovoltaic generate electric power
REQ-SF1-6: Panel Rotation according to sunlight 
2.4.2. [bookmark: _Toc505637935][bookmark: _Toc505635332][bookmark: _Toc505635437][bookmark: _Toc505635134][bookmark: _Toc505635233][bookmark: _Toc505635643][bookmark: _Toc108032007]System Feature 2
2.4.2.1. [bookmark: _Toc505635438][bookmark: _Toc505635234][bookmark: _Toc505635644][bookmark: _Toc505635333][bookmark: _Toc505635135][bookmark: _Toc505637936][bookmark: _Toc108032008]Description and Priority
[bookmark: _Toc505635439][bookmark: _Toc505635645][bookmark: _Toc505637937][bookmark: _Toc505635235][bookmark: _Toc505635136][bookmark: _Toc505635334]The dual-axis operates similarly to the single axis, but by spinning its axis along both vertical and horizontal axes, it is better able to gather solar energy [1]. Panel. Solar panels are installed on a moving frame in solar tracking systems to follow the path of the sun throughout the day. Stimulus and response cycles.
2.4.2.2. [bookmark: _Toc108032010]Stimulus/Response Sequences
[bookmark: _Toc505635137][bookmark: _Toc505637938][bookmark: _Toc505635646][bookmark: _Toc505635236][bookmark: _Toc505635335][bookmark: _Toc505635440]He can auto-lock or unlock the rotation, switch on and off the light, check how much battery life is left, and receive total counts of voltages. We will use an LCD tool to obtain all necessary operations on the LCD as well as the voltage that is dropped.
2.4.2.3. [bookmark: _Toc108032011]Functional Requirements
Through the Arduino device the user will operating and controlling the Solar tracking system

1. REQ-SF1-1: Check Weather detection
2. REQ-SF1-2: Rotation Control
3. REQ-SF1-3: Auto On/Off
4. REQ-SF1-4: User Control

2.4.3. [bookmark: _Toc505635441][bookmark: _Toc505635647][bookmark: _Toc505637939][bookmark: _Toc505635336][bookmark: _Toc505635138][bookmark: _Toc505635237][bookmark: _Toc108032012]System Feature 3 (and so on)
[bookmark: _Toc441230994][bookmark: _Toc439994690]
2.5. [bookmark: _Toc505635442][bookmark: _Toc505635648][bookmark: _Toc505635139][bookmark: _Toc505635238][bookmark: _Toc505637940][bookmark: _Toc505635337][bookmark: _Toc108032013]Other Nonfunctional Requirements
Maintainability
Reliability
Supportability
Quality
Efficiency
2.5.1. [bookmark: _Toc441230995][bookmark: _Toc505635649][bookmark: _Toc505635443][bookmark: _Toc505635239][bookmark: _Toc505637941][bookmark: _Toc505635140][bookmark: _Toc505635338][bookmark: _Toc108032014]Performance Requirements
If the product has performance requirements for use in different scenarios, list them here and explain why they are necessary so that developers can fully grasp the goal and make the best possible design decisions. The timing relationships for real-time systems should be specified. Make these specifications as exact as you can. For particular functional needs or features, you might need to specify performance requirements.
[bookmark: _Toc441230996][bookmark: _Toc439994691]
2.5.2. [bookmark: _Toc505635444][bookmark: _Toc505635650][bookmark: _Toc505635240][bookmark: _Toc505635141][bookmark: _Toc505637942][bookmark: _Toc505635339][bookmark: _Toc108032015]Safety Requirements
[bookmark: _Toc441230997][bookmark: _Toc439994692]Two axes A polar dual-axis solar system has been created, taking efficiency and safety into consideration. Rotating actuators, which are connected to worm gears to block the system in the stationary positions, power both motions (daily and seasonal). By merging the mechanical construction of the solar tracker with the electrical control system at the virtual prototype level, the tracking system is approached from a mechatronic perspective. By limiting the angular field of daily motion and the number of actuating actions, the tracking technique hopes to preserve as much solar energy as possible.
2.5.3. [bookmark: _Toc505637943][bookmark: _Toc505635651][bookmark: _Toc505635241][bookmark: _Toc505635340][bookmark: _Toc505635142][bookmark: _Toc505635445][bookmark: _Toc108032016]Security Requirements
[bookmark: _Toc439994693][bookmark: _Toc441230998]Sensor Detection when the solar panel turned off or remove from the device.
1. Sensor
2. Auto locked
2.5.4. [bookmark: _Toc505637944][bookmark: _Toc505635446][bookmark: _Toc505635143][bookmark: _Toc505635341][bookmark: _Toc505635652][bookmark: _Toc505635242][bookmark: _Toc108032017][bookmark: _Toc439994694][bookmark: _Toc441230999]Software Quality Attributes
2.5.5. [bookmark: _Toc505635144][bookmark: _Toc505635447][bookmark: _Toc505635653][bookmark: _Toc505635342][bookmark: _Toc505637945][bookmark: _Toc505635243][bookmark: _Toc108032018]Business Rules
Do solar trackers justify the extra cost? Solar trackers do produce more power, but in most circumstances they are not worth the extra money. More solar panels might be installed for less money than a tracking system since solar panels are more affordable than before.
[bookmark: _Toc441231000][bookmark: _Toc439994695]
2.6. [bookmark: _Toc505635244][bookmark: _Toc505635448][bookmark: _Toc505635343][bookmark: _Toc505637946][bookmark: _Toc505635145][bookmark: _Toc505635654][bookmark: _Toc108032019]Other Requirements
Installation
Licensing and Certification
Equipment Standards and Warranties







[bookmark: _Toc505635655][bookmark: _Toc505635245][bookmark: _Toc505635344][bookmark: _Toc505635146][bookmark: _Toc505635449][bookmark: _Toc505637947][bookmark: _Toc108032020]




Chapter 3
[bookmark: _Toc505637948][bookmark: _Toc505635246][bookmark: _Toc505635450][bookmark: _Toc505635345][bookmark: _Toc505635147][bookmark: _Toc505635656][bookmark: _Toc108032021]Use Case Analysis






















Chapter 3: System Analysis 
The Dual Axis Tracking System is, at last, turning becoming a reality thanks to the advancement of new electronic technologies and their combination with more established, conventional building technologies. Users may easily programmer Arduino to rotate up, down, left, or right according to their own needs by simply entering the appropriate code into the system.

[bookmark: _Toc505635247][bookmark: _Toc505635657][bookmark: _Toc505635148][bookmark: _Toc505635346][bookmark: _Toc505635451][bookmark: _Toc505637949][bookmark: _Toc108032022]Use Case Model 

[image: USE CASE DIAGRAM]







3.1. [bookmark: _Toc505635452][bookmark: _Toc505635248][bookmark: _Toc505637950][bookmark: _Toc505635149][bookmark: _Toc505635658][bookmark: _Toc505635347][bookmark: _Toc108032023]Use Case Descriptions
A collection of connected success and failure scenes that show on-screen actors using the framework to further an aim make up a utilization case. A circumstance is a specific series of interactions and relationships between performance artists and the discourse framework.



[bookmark: _Toc505635348][bookmark: _Toc505635150][bookmark: _Toc505635249][bookmark: _Toc505637951][bookmark: _Toc505635453][bookmark: _Toc505635659][bookmark: _Toc108032024]Chapter 4
[bookmark: _Toc505635250][bookmark: _Toc505635454][bookmark: _Toc505635660][bookmark: _Toc505635151][bookmark: _Toc505637952][bookmark: _Toc505635349][bookmark: _Toc108032025]System Design








[bookmark: _Toc505635350][bookmark: _Toc505635251][bookmark: _Toc505635152][bookmark: _Toc505635455][bookmark: _Toc505637953][bookmark: _Toc505635661]Chapter 4: System Design 
System Design 
The major diagrams and models needed to graphically represent the system are included in this chapter. Below is a basic description of the system design:
This project is based on hardware. The project was examined by our staff. Therefore, we made a general mobile application so that anybody might use it to operate it in the future.
4.1. [bookmark: _Toc108032026]Architecture Diagram
[image: ARCHITECHER DIAGRAM]






4.2. [bookmark: _Toc505635252][bookmark: _Toc505635351][bookmark: _Toc505635456][bookmark: _Toc505635662][bookmark: _Toc505637954][bookmark: _Toc505635153][bookmark: _Toc108032027]Domain Model
[image: DOMAIN MODEL]





4.3. [bookmark: _Toc505635154][bookmark: _Toc505635457][bookmark: _Toc505635253][bookmark: _Toc505635352][bookmark: _Toc505637955][bookmark: _Toc505635663][bookmark: _Toc108032028]Entity Relationship Diagram with data dictionary
[image: ERD]

4.4. [bookmark: _Toc505637956][bookmark: _Toc505635254][bookmark: _Toc505635458][bookmark: _Toc505635353][bookmark: _Toc505635155][bookmark: _Toc505635664][bookmark: _Toc108032029]Class Diagram
 [image: ]

[bookmark: _Toc505635665][bookmark: _Toc505635459][bookmark: _Toc505635354][bookmark: _Toc505635156][bookmark: _Toc505637957][bookmark: _Toc505635255]
4.5. [bookmark: _Toc108032030]Sequence / Collaboration Diagram
[image: sequence diagram]
[bookmark: _Toc505635461][bookmark: _Toc505635158][bookmark: _Toc505635667][bookmark: _Toc505635257][bookmark: _Toc505637959][bookmark: _Toc505635356]






4.6. [bookmark: _Toc505635256][bookmark: _Toc505635157][bookmark: _Toc505635355][bookmark: _Toc505635666][bookmark: _Toc505635460][bookmark: _Toc505637958][bookmark: _Toc108032031]Operation contracts
4.6.1 Operation Contract#1
Name: Sensor on.
Responsibilities: Detect sun light.
Cross References: Use Case: Not move rotate able.
Exceptions: None.
            Preconditions: Must be ON.
        Post conditions: Not Detect

4.6.2 Operation Contract#2
Name: View.
Responsibilities: Turn ON.
Cross References: Use Case: Charge Battery.
Exceptions: None.
            Preconditions: Must be ON.
        Post conditions: Generate Electricity
4.6.3 Operation Contract#
Name: Generate Electricity
Responsibilities: Detect sun light.
Cross References: Use Case: Charge Battery.
Exceptions: None.
            Preconditions: Must be ON.
        Post conditions: Not Detect
4.6.4 Operation Contract#2
Name: Remotely Access
Responsibilities: None.
Cross References: Use Case: Charge Battery.
Exceptions: None.
            Preconditions: Must be ON.
        Post conditions: Generate Electricity


4.6.5 Operation Contract#2
Name: show record
Responsibilities: None.
Cross References: Use Case: Detect sun light.
Exceptions: None.
            Preconditions: Must be Rotate.
        Post conditions: Charge Battery


4.7. [bookmark: _Toc108032032]Activity Diagram
[image: ACTIVITY DIAGRAM]

4.8. [bookmark: _Toc505637961][bookmark: _Toc505635259][bookmark: _Toc505635358][bookmark: _Toc505635669][bookmark: _Toc505635463][bookmark: _Toc505635160][bookmark: _Toc108032033]Component Diagram
[image: Untitled]

4.9. [bookmark: _Toc505635670][bookmark: _Toc505637962][bookmark: _Toc505635359][bookmark: _Toc505635161][bookmark: _Toc505635464][bookmark: _Toc505635260][bookmark: _Toc108032034]Deployment Diagram
[image: deployment diagram]





4.10. [bookmark: _Toc505635671][bookmark: _Toc505635261][bookmark: _Toc505635360][bookmark: _Toc505637963][bookmark: _Toc505635465][bookmark: _Toc505635162][bookmark: _Toc108032035]Data Flow diagram
[bookmark: _Toc108030567][bookmark: _Toc108031194][bookmark: _Toc108031495][bookmark: _Toc108032036]Context level DFD – 0 level
The context level data flow diagram (DFD) illustrates how the system works as a whole. The system's whole user module is described in the (o) level DFD. The Dual Axis and Solar Tracking System's data flow diagram below demonstrates how two users may control the system and user.[image: DATA FLOW DIAGRAM]







[bookmark: _Toc505635361][bookmark: _Toc505635672][bookmark: _Toc505635262][bookmark: _Toc505637964][bookmark: _Toc505635163][bookmark: _Toc505635466][bookmark: _Toc108032037]Chapter 5
[bookmark: _Toc505635673][bookmark: _Toc505635362][bookmark: _Toc505635467][bookmark: _Toc505635164][bookmark: _Toc505637965][bookmark: _Toc505635263][bookmark: _Toc108032038]Implementation







Chapter 5: Implementation 
The chapter only provides a high-level overview of our project, including the technologies, approaches, best practices, and coding standards, as well as the third-party libraries and tools we'll be using to get the job done. Including requirement collection, analysis, design, implementation, testing, and deployment, we receive all the information we want for all the development phases. When implementing a system, we build the platform and determine whether it satisfies the criteria.

	Requirement 
Gathering & Analysis


	We will gather all of the crucial needs throughout this phase, and all relevant assets and requirements will be available for analysis.
Then, the many areas of implementation's viability are developed (including time and cost).

	Planning
	On the basis of the evaluated facts and requirements, a strategy will be established during this phase. Each phase's duration and cost will also be determined.

	Design
	The development model will be chosen at this phase, and the supervisor will confirm it.

	Implementation
	Execution in accordance with specifications following the design phase. 

	Testing
	Testing will examine functionality and requirements. There will be both dynamic and static testing. Dynamically using testing tools and statically by manually checking each piece of code. Static testing will decrease execution faults and enable us to detect errors.

	Deployment
	The system will be deployed when tests are finished and no new faults are found. Regression testing is carried out when faults are found or when changes are made as required.




5.1. [bookmark: _Toc505635674][bookmark: _Toc505635363][bookmark: _Toc505637966][bookmark: _Toc505635165][bookmark: _Toc505635264][bookmark: _Toc505635468][bookmark: _Toc108032039]Important Flow Control/Pseudo codes 
Arduino Panel:
· Connectors 
· Controller 
· USB Port 
Solar Panel:
· Thickness
· LDR  
· Power 
Servo Panel: 
· Speed 
· Rotation 
· Torque  
LCD Panel: 
· Voltage
· Battery cell
· Display/Screen
Pseudo codes

int motorA1  = 5;  
int motorA2  = 6; 
int motorB1  = 9; 
int motorB2  = 10; 


int ldrX_1  = A3;
int ldrX_2  = A2;
int ldrY_1  = A1;
int ldrY_2  = A0;

int ldrXU = 0;
int ldrXD = 0;
int ldrYU = 0;
int ldrYD = 0;

void setup() {
Serial.begin(9600);
 
 pinMode(motorA1, OUTPUT);
 pinMode(motorA2, OUTPUT);
 pinMode(motorB1, OUTPUT);
 pinMode(motorB2, OUTPUT);

 digitalWrite(motorA1, LOW);
 digitalWrite(motorA2, LOW);
 digitalWrite(motorB1, LOW);
 digitalWrite(motorB2, LOW);
 Serial.println("Welcome to start");
}

void loop() 
{
 ldrXU = analogRead(ldrX_1);    
 ldrXD = analogRead(ldrX_2);        
 ldrYU = analogRead(ldrY_1);         
 ldrYD = analogRead(ldrY_2); 



 Serial.print("XUP= ");
 Serial.println(ldrXU);
  
 Serial.print("XDown= ");
 Serial.println(ldrXD );
  
 Serial.print("YUP= ");
 Serial.println(ldrYU);
  
 Serial.print("YDown= ");
 Serial.println(ldrYD);
 

if (ldrXU > 700)
{
 digitalWrite(motorA1, HIGH);
 digitalWrite(motorA2, LOW);
 digitalWrite(motorB1, LOW);
 digitalWrite(motorB2, LOW);
 delay(500);
  digitalWrite(motorA1, LOW);
 digitalWrite(motorA2, LOW);
 digitalWrite(motorB1, LOW);
 digitalWrite(motorB2, LOW);
}

else if (ldrXD > 700)
{
 digitalWrite(motorA1, LOW);
 digitalWrite(motorA2, HIGH);
 digitalWrite(motorB1, LOW);
 digitalWrite(motorB2, LOW);
 delay(500);

}

else if (ldrYU > 700)
{
 digitalWrite(motorA1, LOW);
 digitalWrite(motorA2, LOW);
 digitalWrite(motorB1, HIGH);
 digitalWrite(motorB2, LOW);
 delay(500);

}

else if (ldrYD > 700)
{
 digitalWrite(motorA1, LOW);
 digitalWrite(motorA2, LOW);
 digitalWrite(motorB1, LOW);
 digitalWrite(motorB2, HIGH);
 delay(500);
}

else 
{
 digitalWrite(motorA1, LOW);
 digitalWrite(motorA2, LOW);
 digitalWrite(motorB1, LOW);
 digitalWrite(motorB2, LOW);
}
}
5.2. [bookmark: _Toc505637967][bookmark: _Toc505635675][bookmark: _Toc505635469][bookmark: _Toc505635364][bookmark: _Toc505635166][bookmark: _Toc505635265][bookmark: _Toc108032040]Components, Libraries, Web Services and stubs
· At mega Microcontroller
· Solar Panel
· Servo Motor
· DC Motor
· Temperature Sensor
· Cables and Connectors
· LED
· IC Sockets
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[image: deployment diagram]
5.4. [bookmark: _Toc505635471][bookmark: _Toc505635168][bookmark: _Toc505635366][bookmark: _Toc505635267][bookmark: _Toc505635677][bookmark: _Toc505637969][bookmark: _Toc108032042]Tools and Techniques

· At mega Microcontroller
· Solar Panel
· Servo Motor
· DC Motor
· Temperature Sensor
· Cables and Connectors
· LED
· IC Sockets
1. Arduino Compiler
2. Programming Language: C

5.5. [bookmark: _Toc505635169][bookmark: _Toc505635472][bookmark: _Toc505635268][bookmark: _Toc505635678][bookmark: _Toc505637970][bookmark: _Toc505635367][bookmark: _Toc108032043]Best Practices / Coding Standards
· Manage Requirements. 
· Use Component Based Architecture. 
· Visually Model Hardware
· Verify Hardware Quality
· Control Changes to hardware
Coding Standards:
· Compliance with industry standards
· Consistent code quality
· Reduced development costs 
· No more than one statement per line

5.6. [bookmark: _Toc505635473][bookmark: _Toc505635368][bookmark: _Toc505637971][bookmark: _Toc505635679][bookmark: _Toc505635170][bookmark: _Toc505635269][bookmark: _Toc108032044]Version Control
GIT
GIT is a version-control system for keeping track of changes made to computer files and organizing teamwork on those files. It will be used to track changes in any group of files, although it is typically used for source-code management in software development.
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Chapter 6: Testing and Evaluation 
The process of testing and evaluating systems and components in order to compare them to requirements and specifications The outcomes are analyzed in order to gauge design, performance, supportability, and other advancements. Engineering tools like developmental testing and assessment are employed throughout the acquisition cycle to lower risk.
Testing can be used to guarantee the quality of a system, capability, or product (for example, by having the proper product constructed correctly). For testing to be effective, it must occur only at the end of development. It must be routinely treated over the duration of its whole life cycle.
6.1. [bookmark: _Toc505635371][bookmark: _Toc505637974][bookmark: _Toc505635682][bookmark: _Toc505635476][bookmark: _Toc505635272][bookmark: _Toc505635173][bookmark: _Toc108032047]Use Case Testing
Using the use case testing approach, we may find test cases that run the entire system transaction by transaction, from beginning to end.
Use Case Test 1
	Use Case Name
	Sensor on

	Use Case Description
	User Sensor on for using the system

	Actors
	User,

	Pre-Condition
	1. User must Turn On the system

	Post-Condition
	User On the system and detect sunlight and rotate to sun


	Main Scenario
	Serial Number
	Steps

	Actor System
	
1
	User On the system and system detect sunlight for energy 

	
	2
	System Validate all the input fields.

	
	3
	Rotate with system

	Extension
	2a
	If any input field was not detect then system can’t generates energy.


Use Case Test 2
	Use Case Name

	View

	Use Case Description
	User view the system

	Actors
	User,

	Pre-Condition
	1. User must view Turn On/Start the system

	Post-Condition
	User on the system can view the energy that system produce


	Main Scenario
	Serial Number
	Steps

	Actor System
	
1
	User on the system can view the system that system Turn On  and charge the battery

	
	2
	System Validate the Turn On and battery charge

	
	3
	Rotate with system

	Extension
	2a
	If system did not validate the battery process and Turn On then system can’t generates energy.



Use Case Test 3
	Use Case Name
	Generate Electricity

	Use Case Description
	Generate Electricity with the help of sun

	Actors
	User,

	Pre-Condition
	User can use the system and system can generate the electricity with the help of sun


	Post-Condition
	User on the system can generate the energy and store them on the battery


	Main Scenario
	Serial Number
	Steps

	Actor System
	
1
	 system can produce the energy and store in the battery

	
	2
	System Validate the battery charge for produce electricity

	
	3
	Rotate with system and generate the electricity 

	Extension
	2a
	If system did not detect the sun light process then system Turn Off and can’t generates electricity.


Use Case Test 4
	Use Case Name
	Remotely Access

	Use Case Description
	Remotely access with system Turn On or detect sun light

	Actors
	User,

	Pre-Condition
	User have a remotely access with system to move rotational and turn On the system to detect sunlight 

	Post-Condition
	User on the system can remotely access with system for saving energy in battery


	Main Scenario
	Serial Number
	Steps

	Actor System
	
1
	User have a access remotely to check energy produce or not in battery 

	
	2
	System Validate the remotely access for produce electricity in battery

	
	3
	Remotely with system and Turn On the system

	Extension
	2a
	If system did not access with remotely then Invalid input fields System can’t show energy


Use Case Test 5

	Use Case Name
	Show Record

	Use Case Description
	User on the system and see the records the energy produce 

	Actors
	User,

	
	

	Pre-Condition
	System can show the record while the sensor is On or Off  during the sunlight detect

	Post-Condition
	User on the system can show Off the result while system is Turn On in case of successfully


	Main Scenario
	Serial Number
	Steps

	Actor System
	
1
	User have a access to see the record while sensor On rotate with sunlight  

	
	2
	System show the records all the input fields.

	
	3
	Show record with system

	Extension
	2a
	If any input field was invalid then system can’t show the record
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6.2. Equivalence partitioning
Test Case 1:

	Test Case Suite
	TS001

	Test Case id
	TC001

	Test Case summary
	To verify that Sensor

	Related Requirement
	System should be able to sensor on if system detect the sunlight

	Test Procedure
	1. Detect the sunlight 

2. Rotate to sun and sensor on

	Test Data
	User Name: Muhammad Moazzam, Rashid Latif, Muhammad Ali,

	Expected Result
	1. System should sensor on while detect the sun light 

2. System should generate electricity while rotational move

	Actual Result
	If sensor on then system generate the energy
if sensor not on the system not moving and can’t produce the energy 

	Status
	Valid

	Remarks
	This is an sensor on procedure test case

	Created By
	Muhammad Moazzam, Rashid Latif, Muhammad Ali,

	Date of Creation
	28/02/2022

	Test Environment
	 Physically


Test Case 2:

	Test Case Suite
	TS002

	Test Case id
	TC002

	Test Case summary
	To verify that view the system

	Related Requirement
	User should be able to view the system that detect the sunlight or not

	Test Procedure
	1 .view the system Turn On/Start  

2 .view the system and show the battery charge

	Test Data
	User Name: Muhammad Moazzam, Rashid Latif, Muhammad Ali,

	Expected Result
	3. User should view the record while detect the sun light 

4. User should view to generate electricity during detect sunlight

	Actual Result
	User on the system can view the system that system Turn On  and charge the battery

	Status
	Valid

	Remarks
	This is an view of the system procedure test case

	Created By
	Muhammad Moazzam, Rashid Latif, Muhammad Ali,

	Date of Creation
	28/02/2022

	Test Environment
	 Physically



Test Case 3:
	Test Case Suite
	TS003

	Test Case id
	TC003

	Test Case summary
	To verify that generate electricity on the system

	Related Requirement
	System should be able to generate energy on the system during the detect to sunlight 

	Test Procedure
	1 .Turn On the system 

2 .generate electricity and charge the battery

	Test Data
	User Name: Muhammad Moazzam, Rashid Latif, Muhammad Ali,

	Expected Result
	3 .System should generate electricity while detect the sun light 
4 .System should view to generate electricity during rotational move 

	Actual Result
	 system can produce the energy and store in the battery

	Status
	Valid

	Remarks
	This is an generate electricity of the system procedure test case

	Created By
	Muhammad Moazzam, Rashid Latif, Muhammad Ali,

	Date of Creation
	28/02/2022

	Test Environment
	 Physically




TestCase4:

	Test Case Suite
	TS004

	Test Case id
	TC004

	Test Case summary
	To verify that show record on the system

	Related Requirement
	User should be able to see the record on the system during the rotational move 

	Test Procedure
	1 .Turn On the sensor and system

2 .generate electricity and show record

	Test Data
	User Name: Muhammad Moazzam, Rashid Latif, Muhammad Ali,

	Expected Result
	3 .System should generate electricity while detect the sun light 
4 .System should view to generate electricity during rotational move 

	Actual Result
	User have a access to see the record while sensor On and rotational move with sunlight  

	Status
	Valid

	Remarks
	This is an Show record of the system procedure test case

	Created By
	MuhammadMoazzam, Rashid Latif, Muhammad Ali,

	Date of Creation
	28/02/2022

	Test Environment
	 Physically



6.3. [bookmark: _Toc505637976][bookmark: _Toc505635175][bookmark: _Toc505635274][bookmark: _Toc505635478][bookmark: _Toc505635373][bookmark: _Toc505635684][bookmark: _Toc108032049]Boundary value analysis
Boundary testing involves comparing boundaries or extreme endpoints between input value segments. The testing is called "boundary testing" because the boundary values are the extreme ends, such as Start-End, Lower-Upper, Maximum-Minimum, and Just Inside-Just Outside values. The cornerstone of boundary value testing is to choose input variable values at their:
1 Minimum
2 Just above the minimum
3 A nominal value
4 Just below the maximum
5 Maximum
6.4. [bookmark: _Toc505635479][bookmark: _Toc505635176][bookmark: _Toc505637977][bookmark: _Toc505635685][bookmark: _Toc505635275][bookmark: _Toc505635374][bookmark: _Toc108032050]Data flow testing
This intricacy increases the risk in a programmer. Testing these variable data flows makes sense, and the notion of dataflow testing may be used to test all the program's variables.
Testing Levels for Dataflow:
Testing the static data flow
Examining the Simulator for Potential Defects.
Checking for errors in the code
The programed will run.

Testing of dynamic data flow

We'll run the software.
It appears to be a control flow test.
List the paths that need testing.




6.5. [bookmark: _Toc505635375][bookmark: _Toc505635480][bookmark: _Toc505635686][bookmark: _Toc505637978][bookmark: _Toc505635276][bookmark: _Toc505635177][bookmark: _Toc108032051]Unit testing
A white-box testing method is unit testing. Verification of all hardware system modules is the major focus of this exam. The following modules are unit tested:
· Unit testing for the module User Management is tested by valid user 
· Unit testing for the module the efficiency of system is provided by testing User, 
· Unit testing for the module of sensor on.
· Unit testing for the module of generate electricity

· Unit testing for the module to remotely access of their relative module.
· Unit testing for the module show record and view, and charge the battery

Test cases for unit testing of modules:

	Test Case No
	Test item
	Input Specifications
	Output Specifications
	Pass / Fail
	Description

	1
	Sensor on
	Detect sunlight 
	Generate electricity
	Pass
	To verify sensor on mechanism and system
authentication

	2
	view
	User turn on the system
	Charge the battery
	Pass
	To view a system for produce energy

	3
	Generate Electricity
	Detect sunlight 
	generate electricity and charge the battery
	Pass
	System should be able to generate energy on the system during the detect to sunlight

	4
	Remotely access
	User turn on the system
	Remotely access with system Turn On or detect sun light
	Pass
	User have a remotely access with system to move rotational and turn On the system to detect sunlight

	5
	Charge battery
	Charge the battery while detect the sun
	Produce the energy and save into battery
	Pass
	System can store energy into batter






6.6. [bookmark: _Toc505635376][bookmark: _Toc505635178][bookmark: _Toc505635481][bookmark: _Toc505635277][bookmark: _Toc505637979][bookmark: _Toc505635687][bookmark: _Toc108032052]Integration testing
The method for verifying the interfaces of hardware components is called integration testing. Each hardware part is individually tested, and they are all combined to work as a unit. To make sure the components are functioning properly after interacting, testing are carried out.
The system is put through integration testing once each module is incrementally combined. Test after integrating all components.
6.7. [bookmark: _Toc505635688][bookmark: _Toc505635278][bookmark: _Toc505635377][bookmark: _Toc505635179][bookmark: _Toc505637980][bookmark: _Toc505635482][bookmark: _Toc108032053]Performance testing
To ensure that the system performs in accordance with the standards, performance testing is used. Each unit module has undergone satisfactory testing. The incorporation of these modular units.

6.8. [bookmark: _Toc505635279][bookmark: _Toc505635689][bookmark: _Toc505635180][bookmark: _Toc505635378][bookmark: _Toc505635483][bookmark: _Toc505637981][bookmark: _Toc108032054]Stress Testing
Performance testing ought to be done after the product has been put into use. We'll evaluate the hardware, the precision and usefulness of the functions, as well as do quantitative tests, such measuring the reaction time of each function. We have regularly and numerously tested each difficult process to see how well our system performs. The steps below have been completed by us.
· Assess response time and accuracy of core functions.
· Risk assessment of error or exception (if any).
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Chapter 7: Summary, Conclusion & Future Enhancements 

7.1. [bookmark: _Toc505635486][bookmark: _Toc505635282][bookmark: _Toc505635381][bookmark: _Toc505637984][bookmark: _Toc505635692][bookmark: _Toc505635183][bookmark: _Toc108032057]Project Summary
A dual axis sun tracking device can help Pakistan enhance its renewable energy resources. The economy of Pakistan is significantly influenced by electricity. The World Bank estimates that Pakistan's current energy needs could be satisfied by solar photovoltaic (solar PV) power generation on just 0.071 percent of the nation's land area. In this initiative, we talk about information about new technologies and energy. The populace will be able to obtain all the materials required to increase their access to power from this. Additionally, he would be able to speak with the solar specialists for advice. People can receive expert advice on cutting-edge electrical technologies. By giving the people of Pakistan access to the most recent solar research knowledge, the solar sector and government solar department can assist them. In order to boost solar energy.

7.2. [bookmark: _Toc505637985][bookmark: _Toc505635283][bookmark: _Toc505635693][bookmark: _Toc505635184][bookmark: _Toc505635487][bookmark: _Toc505635382][bookmark: _Toc108032058]Achievements and Improvements
Our successes include promoting Pakistan's Dual Axis and Solar Tracking System and guiding the populace. We also assist those who wish to advance the energy industry. The project's major goal is to boost Pakistan's solar production by doing research, developing novel solar practices, and promoting their implementation.
· Solar extension can become more diverse, knowledge-intensive, demand-driven, and hence more successful in satisfying people's information demands thanks to information technology.
· It has the potential to deliver new information services to rural regions, where consumers will have considerably more influence over existing information sources.

· This may aid in reorienting people's organization’s toward the general growth of small-scale solar producers. Organized small-scale manufacturers may even have a competitive advantage over larger businesses with the right knowledge.
· To promote economic cohesion among the peoples.
In general, the future trends for Dual Axis Solar Tracking System indicate a need to improve infrastructure, policy support systems, equipment and human resources. The shortage of IT-trained workers is one of the most persistent worries. Internet access points might be built in Pakistan's rural communities under this proposal. The goal should be to sustainably advance rural development with the aid of these booths and to construct stands that are practical over the long term, therefore the following technique is suggested in terms of Dual axis solar tracking system. We may advance the state of information communication technology (ICT) services by raising awareness of our offerings among potential customers. To protect agriculture's environmentally friendly production techniques. The user will be able to obtain all the knowledge required to grow in solar from this system. Additionally, he would be able to speak with the solar specialists for advice.
7.3. [bookmark: _Toc505637986][bookmark: _Toc505635383][bookmark: _Toc505635694][bookmark: _Toc505635185][bookmark: _Toc505635488][bookmark: _Toc505635284][bookmark: _Toc108032059]Critical Review 
The most important and crucial aspect of this approach is obtaining a 100% outcome. Which albeit more challenging is still achievable. The sun may be used to generate power for the user. But how does it operate? How does it provide a solution? The crucial component is there. Focusing on these criteria, we created a system that provides the most accurate results possible for us.

7.4. [bookmark: _Toc505635384][bookmark: _Toc505635489][bookmark: _Toc505637987][bookmark: _Toc505635695][bookmark: _Toc505635285][bookmark: _Toc505635186][bookmark: _Toc108032060]Lessons Learnt
The accuracy of the technology we are building to assist the sun generate power is 90%. And we're working to get the best outcome possible. Using this technique to get project goals and objectives is a significant problem for us.
7.5. [bookmark: _Toc108032061]Future Enhancements/Recommendations
In the future, we want to achieve both an excellent outcome and 100% accuracy. And we will consider this system to be a significant advancement in the field of energy, assisting the user in obtaining the information they need on solar energy.
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