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Abstract
Within this project, a vibration monitoring system has attempted to be created. Use of specific sources online to support the choice of components used can be seen throughout this project. Proof of concept designs and other accelerometer designs have also been created throughout this project due to issues encountered throughout.  Literature has been found and used to help create this project as reference material for the PIC and similar monitoring systems. 
Examples of issues encountered for this project include the Lack of simulation for the chosen sensor, LCD displays not working although working within proteus, fault finding and possible solutions found to be implemented onto the breadboard after finding issues with both the original tests assembly and the PCB Assembly. These issues were unable to be overcome, however the management of the project has helped improve skills and understand where things can go wrong and how to persevere through issues. 
Ethics, diversity and inclusion have also been a factor within this project. Since all components were sourced ethically and whenever assistance was needed by specific engineers, the skills were utilized regardless of race, gender, sex, age etc. the project has been able to include people from other areas of SAFRAN (Certification) to also help with any legal issues which include approval of the design made. 
Project management has also been included where meetings with the certification engineer have been held to understand the customers’ needs and the results that would have been needed for the sensor to be qualified for flight. 
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Concluding this project, the system does not work, however the main issue is LCD initialization. This issue has been persistent throughout the prototyping stages and has not been resolved but use of sources and videos have been referenced where the project has attempted to be resolved. As the issue of initialization may have been because of breadboard issues, a second redesign (REV B) was created to show that giving up was not an option, sadly due to time constraints this was not bought or tested. 
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Acronyms, Abbreviations and Units
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	V
	Volts

	AC
	Alternating Current

	pk
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[bookmark: _Toc228293634]Introduction 
SAFRAN is a world leader in aerospace, dating over 100 years. This project has been completed within the Seats division of SAFRAN. SAFRAN has been in business for around 120 years growing daily within aerospace defence and many other opportunities within business. SAFRAN Seats is currently designing many first and business class suites for passenger aircraft to be flying soon, within these suites are sensors which need to be qualified for Boeing aircraft in the future. This sensor assembly has been used to help with qualifying the sensor assembly for flight within a Boeing aircraft. This sensor will be flying on one of the newest seats within production in 2026. 
Within aerospace and the seats sector of the industry, there is emerging and new technologies constantly. One of the newer technologies is a seat occupancy sensor which will be used for the safety of passengers on an aircraft and for crew knowledge. This project aims to create a way to collect data for testing to ensure the sensor works within its guaranteed period which is undetermined due to being built in house whilst working in a dusty environment. 
[bookmark: _Toc228293635]Aims & Objectives
The aim of this project was to design and implement a solution for ease of testing/fault finding for an occupancy sensor in production or in service and for qualification. This aim has been created to help with the aerospace industry 
The objectives of this project are to:
· Analyse the existing test methods for similar sensors to gain information.
· Design a prototype of the test assembly with use of software and hardware. 
· Implement a fully built test assembly and test the occupancy sensor.
· To evaluate and analyse the performance of the test assembly and data collected
[bookmark: _Toc228293636]Project significance
This project holds significance due to the aerospace industry being relatively behind in technology in comparison to other industries such as automotive. Implementing new technologies and engineering ways to test the technology. The project is also very important due to the safety features and convenience that is added because of the seat occupancy sensor. The test assembly has been used to help to qualify the occupancy sensor to be safe for flight with compliance to AIRBUS, Boeing, RTCA, FAA and SAFRAN standards and regulations. 

[bookmark: _Toc228293637]Introduction to risk management
To attempt make this project a success, there was risk management, to identify evaluate and minimise any of the potential issues/risks that may pop up during the project. A budget has been created so there was cost saving techniques implemented throughout the project.  Communication with other engineers has helped to make this project a success; communication between many parties including SAFRANs electrical certification engineers to ensure the project is in line with the requirements of the tests. Seen in Figure 11 Risk Management Process are more risks and how they have been managed throughout the project.

[bookmark: _Toc228293638]Contents of Project introduction
Following on from this introduction there is a literature review. This review is of all relevant academic papers which include vibration and cyclic testing for sensors, the review also includes relevant papers for components used within the assembly. Methodology follows on from the literature review, which shows why decisions were made in the way that they were throughout this project.
 Following methodology, the design and implementation sections of this project are also shown, this section includes processes and decisions with their context and reasons as to why components were through work and/or academic support I.E. journals. Analysis follows the design section as results from the tests are shown and analyzed. 


The next three sections are evaluation, conclusion and recommendations and self-reflection. The evaluation is based around the assembly created; the conclusion gives an overview of everything that has been completed and shows further improvements. Finally, the self-reflection shows improvements and challenges faced throughout the project.
[bookmark: _Toc228293639]Literature review 
[bookmark: _Toc228293640]Microcontrollers 
Through the years there has been many innovations within electronics, one of the main innovations is from the integrated circuit which bases itself on switching signals and amplification[3]. IC usage and technologies have improved throughout the years and will continue to improve for efficiency and data monitoring, the importance of this source is showing the advancements over the years, in this document however there is a gap for testing and aerospace equipment within the paper [3].
Use case for components to be used in conjunction with a microcontroller to test vibration have been shown in papers before, this helps design choices for the project which have been carried out [11]. as well as Baicu [12], show that vibration analysis is viable, however neither are aerospace-based projects for vibration testing, however the concept is there to create a project to test these things.
Throughout the project there is components and materials which Have been chosen, literature has been read to help decide upon the components and materials used. [17] G.S et al. shows that within industry microcontrollers are still needed. These microcontrollers are used for monitoring purposes and can help with tasks that people are unable to do. This paper however does not show any type of monitoring for vibration or cyclic testing. 
Sources of which use a PIC16F877A, these systems are used to monitor and control independent variables within their own system, this is very similar to what the project aims and objectives are[1, 2, 5 & 8]. The discrepancies between these two sources and this project is the variable that is monitored/controlled which shows that regardless of what is wanted to be monitored/controlled it can be done [1, 2, 5 & 8]. 
Within the majority of the stages there was a consideration for data logging via a USB rather than just the LCD screen, Hamil et al [7], shows ways of logging using a PIC and a laptop with specific software to create graphs on the logged data via USB. If there were more time within this project it likely would have been done however due to the nature of issues encountered this hasn’t happened. One of the downfalls however to the logging choice made is the software used (LabView) is extremely expensive and other options would have had to have been considered for the logging which there was not enough time to do due to a mistake made early on. 
C language features have been used to help create the code within both the proof of concept prototype and the actual final assembly to ensure that guides are followed and the code is made to the correct standard when in operation [16]. There are downsides to C code however as it is not strictly the easiest to understand however it is stable and can be used for many things. 
[bookmark: _Toc228293641]Sensors
Some of the methods used for testing occupancy sensors, within the source the occupancy sensor has specific tests for detection footprint and pattern, however there is no test method for vibration or cyclic testing [14]. This paper however still misses out on the two tests methods that the assembly has been created to monitor the results. 
similar to what is wanted in this project with the graphs shows the time that a seat occupancy sensor is activated for, the positive shows the seat is occupied and negative showing unoccupied at different intervals, the sensors however are all different with the same singular test [15]. The source also shows that energy performance is also improved through occupancy driven control, which the seat will have when the occupancy sensor is qualified [15]. 
It is possible to use an accelerometer to monitor frequency of vibrations with low frequency sensor board prototypes [18]. The paper however is lacking in higher frequency monitoring systems. Similarly, with [21, 22] using accelerometers to gain frequency values from their monitoring systems, although the target is different the accelerometers used can be tested however are unlikely to sustain the vibration frequency. 
Another source shows monitoring using a mems accelerometer, in particular the ADXL1005 being mentioned as having the highest accuracy for frequency detection [23]. This source shows monitoring of tools; this is dissimilar to the project but extremely relevant when creating a system using accelerometers for systems monitoring frequency. 
Using an epoxy based PCB with an ADXL1005 the systems used are monitored efficiently and effectively [27]. Three are used to measure frequency of their axis increasing the range at which the sensor efficiency increased and where the sensors efficiency dropped off. There however is a lack of any control element within this source to show how the graphs were created. 

[bookmark: _Toc228293642]Vibration monitoring 
machine monitoring during vibration helps to find issues early on to monitor joints within machinery, the system created helped identify joint problems within the robot [13] this differs as the occupancy sensor does not have any moving parts, but the concept is similar. The vibration sensor should monitor the occupancy sensor to find early faults within a high frequency vibration range.  
As vibration in aerospace is a crucial measurement, what needs to be found is that the component can handle up to 10kHz of frequency. Ensuring the correct components for measuring has been chosen with help from [31]. This source shows industrial application and types of sensors to be used for monitoring. Specific test methods for types of sensors are shown and enforces the choice of MEMS accelerometer for an aerospace application [31].one of the issues with this source is the lack of development for MEMS accelerometers, these are not explained in depth for their working principle, however no examples of sensors which can be used for these applications. 
[bookmark: _Toc228293643]Ethics
The engineering ethics guidance and principles have been followed throughout this project to ensure that everything has been completed correctly[5]. Honesty, Respect, Accuracy and Leadership have all been considered within this project and followed through. Susan. M and Mitchell .J.E [6] shows that there are issues within engineering considering ethics and the value of following processes and principles to ensure projects have been created with the correct intent. 
[bookmark: _Toc228293644]Methodology
Agile has been used as the development strategy for this project, the agile strategy is used within SAFRAN also to be able to complete projects with efficiency and effectivity [10. Agile is a good development strategy due to its principles and their development throughout a project regardless of if it is software or a full system [10]. There are some limitations with the Agile development however such as a lack of certainty with deadlines and budgets are often relatively high due to the communication with stakeholder [10].


[bookmark: _Toc228293645]Development Methodology
[bookmark: _Toc228293646]Development method
There are many development methods that can be used. This project has been based on a deductive approach using agile methodology to make sure the project is a success, the reason why the agile approach is appropriate is because of the steps involved being in line with the project as well as consistent conversations with the customer to ensure a well-built system [24]. The theory behind the project has come about due to there being questions on how to monitor the sensor during its qualification testing. Using development as the base of the project- developing software and an assembly. 
[bookmark: _Toc228293647]Data collection methods
Data collected is a collation of two separate tests both of which are quantitative data, the first set of data would have been  the cyclic test data to see how many times the occupancy sensor can be activated before failing making sure that the sensor will last for the seat’s lifecycle. The second set of data would be the vibration test, if the sensor was activated during the vibration test, the assembly should be able to pick up the frequency that the sensor would have been activated at. 
[bookmark: _Toc228293648]Project impact
Due to the project being work-based, the project has been given a budget of £2000- not including the cost of the tests, this was parts, development and labour included. This project has impacted society positively. Improvements on efficiency and job effectiveness due to the ease of use for the test assembly, the assembly has also positively affected safety on an aircraft as a knock-on effect. 
This project could impact the environment both positively and negatively depending on how the project is created. If created poorly without proper consideration for components and design intent then the environment is likely be affected by pollution due to waste of components especially if components are not made to regulation. However, if the project is made correctly, the project however has been made so that the assembly is reuseable, through other uses such as upcoming projects with similar sensors that in future need to be qualified through similarity.
Upon further investigation of the project the problem which has arisen is how to test an occupancy sensor during two specific tests whilst also making it available to be portable for on-site activities if needed. The hypothesis is if the occupancy sensor is taken for testing, then how will the data be collected from the specific tests whilst being a device to use on an aircraft for validation. 
[bookmark: _Toc228293649]Assembly component purchasing 
The hardware being used is electronic components which has been sourced ethically through RS components, Farnell, mouser and MicroChip, these components have been chosen to meet the specification of the customers’ needs.
[bookmark: _Toc228293650]Software use
 The software used was proteus, CATIA, CCS, MS Visio and Easy PC. These software have been used to be the base for the assembly. All of the prototype designs are created within the proteus and CATIA software to show potential designs for the system shown in section 4. The inputs for the assembly are the occupancy sensor and the vibrations table being used and mains power which  be regulated to working voltages for the system. 
This development is valid because it qualifies a sensor which will help the seats industry within aerospace.  This development is reliable due to the components used, the sensor itself being one of the inputs. The table also being an input with an ADXL1005 sensing the frequency within the range that the sensor is be used within. Another input for this assembly is the occupancy sensor itself, as the occupancy sensor is pressed repeatedly the input signal comes in and tells the PIC to update the LCD screen with the correct count. 
[bookmark: _Toc228293651]Health and safety & codes of practice 
To keep the manufactured goods safe and follow fit form and function, the equipment created will follow the codes of practice shown below.
Some relevant regulations to be followed are:
· BS7671- codes of practice for electrical installations
· BS EN 60529- to choose the correct enclosures provided by IP ratings. 
· IEC 60038- IEC standard voltages 
· WEEE- protect the environment and dispose of electrical equipment properly
Within the health and safety there are also some aerospace safety concerns, as the occupancy sensor will need to adhere to them, the assembly helps  to qualify these specific regulations seen below in section 3.8. 


[bookmark: _Toc228293652]Ethics
Engineering ethics have been followed within this task of creating a monitoring. The Engineering council four main principles have been used throughout; the choices have been made with these principles in mind [5 & 6]. Honesty and integrity are both large parts of this project, as being untruthful during the creation may cause harm to others [5 & 6]. 
Respect has also been throughout this project, as taking in opinions from certification engineers and thoroughly considering their ideas. the components bought are all from reputable websites and have been agreed upon by the certification engineers[5 & 6]. Accuracy and rigour are considered within the monitoring system design and build, careful attention to all components has and the full build has been followed which is why the system was redesigned because of issues within the surface mount components and layout, with up-to-date sources used as reference to design choices[5 & 6]. 
Leadership and communication which is the last of the ethical principles has been followed, due to the requirements requested by the customer, the design has been created with surface mount components and certified sensors for the tests to ensure the system is accurate and keep people safe also leading meetings regarding the assembly to ensure that everybody has agreed what has been chosen [5 & 6]. 
[bookmark: _Toc228293653]Diversity & inclusion
Due to the nature of the assembly, the decision has been made to use skilled people, regardless of the race, background or gender, these people have been included to be able to get the assembly finished on time and with the correct parts. Due to the nature of the assembly and where it is being built there are people with mental and or physical disabilities helping to build the harnesses for the assembly to connect everything together.as shown in [28] there is a positive impact on including everybody in the work. 
[bookmark: _Toc228293654]Cultural issues
There is possibility of cultural issues in which the system may positively affect, this system has helped to create a safer environment as a knock on effect to help the population with safety on a commercial aircraft [5]. As many people are involved with the development of the assembly the ideas have been considered [5].misunderstandings have been mitigated between parties through design reviews and complete transparency for the tests and assembly [5]. 

[bookmark: _Toc228293655]Societal issues
This project is being created to mitigate these societal issues, the project has been made with people in mind for their safety and the crew members efficiency and awareness. This assembly has been made to qualify the sensor to be able to be used for flight so that the crew know where people are on the aircraft in the event of an emergency or for simpler things such as food service. However, there are still issues which would have arisen if the project had not been completed correctly, one of the main issues which could have arisen is the fact that the environment would have been impacted, although this is a separate issue it still has societal impacts due to impacting living conditions if disposed of incorrectly. 
[bookmark: _Toc228293656]Environmental issues
All components used within the system have been chosen due to them being compliant to the WEEE regulations so that the system can be disposed of correctly without damaging the environment. The enclosure that has been used is plastic and is RoHS compliant [28]. The environment shall not be negatively impacted, as the assembly created is sustainable, ecofriendly with use of the materials used within the assembly for example the enclosure is a material called ABS, this assembly is likely to be used for many different sensors which may be produced in the future to keep on with the sustainable element which is explained within section 7.1 improvements [28].
[bookmark: _Toc228293657]Commercial matters
Commercial matters which may have affected this assembly but haven’t include:
Transactions, for one if the correct means to purchase components and supplies for the system were not taken then there was a possibility of the system being included in such matters, as the system was put through a process (SmarTeam workflow) many people had to look, check and approve the system, to be able to verify the system for its means to be able to purchase the components for its build.  




[bookmark: _Ref222040026][bookmark: _Toc228293658]Industry standards
Within industry there are certain other standards which need to be adhered to for the occupancy sensor which this system has helped to qualify. all of which are Boeing FAA and SAFRAN standards:
Whilst this system does not need to be approved by these specifications, the system has been built with these in mind where possible to ensure that if an out of site test on an aircraft is needed, then the system can be taken to test the occupancy sensor whilst on the seat in the customer’s site. 
RTCA DO-160G- Environmental Conditions and Test Procedures for Airborne Equipment.
D6-36440 Vol 1 Rev H- Cabin System Requirements for aircraft 
D6-36911 Rev CF Electrical Wiring Assembly and Installation Processes.
These standards above have been used to ensure that the occupancy sensor meets requirements by use of the test assembly. 
The RTCA document is used for environmental testing to ensure that components are eligible for flight, these requirements also help with keeping away from redesigns which may end up causing a financial issue within projects. This document outlines all procedures for typical equipment used on an aircraft [39].
The D6-36440 is another document for system requirements, these requirements are used within the  aircraft for specifications for  assembly and the Boeing installation requirements. This has been used within the assembly to ensure the test assembly can be used within an aircraft as a portable assembly for testing on site [41]. 
The third document D6-36911 shows wiring and assembly processes for aircraft and seat assemblies [40]. This document has been used and referenced within the build process and choice of components similarly to the sensor, although this assembly is not going to be approved by Boeing the assembly has been made as such that it can be taken onto an aircraft for testing purposes [40].

[bookmark: _Toc228293659]Block Diagram 
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[bookmark: _Toc228475538]Figure 1 Block Diagram
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[bookmark: _Ref221097694][bookmark: _Ref221097992][bookmark: _Toc228293660]Design and implementation 
To design and implement the test assembly, there are multiple versions of CAD created. The first design is a CATIA design for the prototype. This CATIA V5 design is a representation of the assembly with all the features. This includes all parts of the assembly, PIC, LEDs, LCD, the harness and any minor components such as capacitors and resistors. The decision of all components are also  justified throughout this section of design for the prototype.
The second type of CAD that has be used throughout this section are proteus and CCS. Proteus has been used to prove that the concept of the prototype works and shows what is required such as the count of activation and the frequency at which the sensor has been activated. Proteus and CCS have been used in conjunction with each other to show the prototype working as a simulation. 
Once the prototype on Proteus was  finished, a breadboard prototype that has been created to test and refine the product for the customer to make the assembly accurate and monitor the activation correctly during cyclic and vibration testing. A drawing was then created on Visio showing the harness, test assembly and all parts included for the assembly seen in section 4.10. The final type of CAD used is Easy-PC 2000, this has been used to create a PCB board.
[bookmark: _Toc228293661]Specification 
Whilst within SAFRAN there are components within the seats which need to be tested for qualification. The qualification of components is a must have when creating a component within a seat. For the sensor one of the final qualifications needed to create the sensor safe for flight is the vibration and cyclic testing. 
For the sensor the customer has asked for an assembly of which collects data, this assembly has now been authenticated through Boeing and the SAFRAN certification engineers. The assembly has been specified to be able to collect data of which are activations through its life, and secondly frequencies at which the assembly may be activated at. Equipment used has been chosen in accordance with DO160G, Section 8.3.



[bookmark: _Toc228293662]Defining components 
To define the components, firstly the tests need to be understood. The first test is the cyclic, so as the sensor is activated the assembly follows and shows the data. 
The second and final test for the sensor is the vibration test. Both tests have a similar operation for the assembly. The cyclic test counts and finds the number of activations the sensor can do before failure. Secondly, the vibration test finds out at what frequency the sensor has activated at and shows the frequency of failure for the sensor. All components used have been chosen with this in mind to ensure that the assembly works. 
[bookmark: _Toc228293663]LCD
As the system enclosure has an IP rating the LCD has been mounted to the enclosure properly however still be on show for the system. The LCD chosen is a 16 x 2 display. This is because this is the minimum capacity needed for the assembly, the two lines each display their own values, one for cyclic testing and the second for the frequency for when the sensor is activated [45].  Within the prototype originally the LCD shows “Count: X” which has carried over to the full test assembly due to the space used for the LCD as the maximum count allowed is nine characters [45]. 
[bookmark: _Toc228293664]LED
The LEDs were a possible choice for use; they will be able to count for the cyclic test and indicate activation of the sensor during vibration testing [32]. there are issues with LED as a choice however as they will only show up to a particular count and no higher or lower unless the sequence cycles and the count is manual, which is not practical, so logging was considered.
[bookmark: _Toc228293665]Vibration sensor
There are many vibration sensors which can be chosen for this project, this includes the SW-420, the ADXL335, ADXL345 and the MPU-6050. 
Comparing these vibration sensors, there are certain sensors which are better than others for this project. The MPU-6050 and the ADXL345 are the likely candidates to be used for the full assembly.  Initially, the MPU-6050 was chosen, this is due to the familiarity and regular use of this accelerometer within other sources[22]. 
It was later found that there is a certification of 500Hz for vibration. A second sensor was found in the AXDL1005, this is a vibration sensor rated to 12KHz shown within the datasheet [23]. As the vibration range is from 0-10KHz the AXDL1005EVAL board has been the choice to continue with as the time frame has reduced significantly since the beginning of the project, and the intended sensor was not approved. 
As seen in Figure 16 ADXL1005 Datasheet frequency response graph  the graphs show the frequency tested allowing for the specification to be met for monitoring the system within the frequency range in testing from the datasheets. 
[bookmark: _Toc228293666]LM393
As issues have been encountered for the MPU-6050, the ADXL1005 was chosen, this component has an analog output. To be able to have a clear input or square wave for the PIC, this means that the RC2 on the PIC can read the clean rising edge rather than an analog signal from the ADXL1005 [42].  Which helps the conversion calculation to be more accurate. 
[bookmark: _Toc228293667]Power supply
The power for the test assembly is mains; this mains power has been stepped down to make sure the voltage is safe for the assembly using a DC plug. To make the power safe for the small components such as the PIC and sensor, a voltage regulator has been used with a 7805 to keep the voltage within operating range for all components used within the assembly. Other power dissipation methods have been considered such as a switching power supply, however due to the systems footprint specifying to be relatively small, the system has been chosen to go with a 9VDC input from a standard UK plug, then to a 7805 in case of future use needing more power the PCB can be redesigned to be equipped for the higher voltages needed. 
[bookmark: _Toc228293668]PIC
There are many possible PICs that can be used, to determine the one which is most viable for the test assembly the microchip search has been used to find PICs with adequate pins for what is needed. To keep the assembly simple and for a smaller footprint it was decided that a PIC16F877A was the best use case. This is because of familiarity with this PIC also familiarity with the coding processes such as C+ as CCS compiler has been used to create the code; many other projects include a microcontroller within similar monitoring scenarios such as[1, 2, 7, 8, 11 and 25].

[bookmark: _Toc228293669] Enclosures
The enclosures has been chosen to be fit for purpose. The enclosure has been slightly modified to allow for the wires to leave the enclosure for the monitoring sensor and the LCD to be protruding through the front of the enclosure. As shown in both CAD and the full assembly images. The enclosure chosen was from RS, this is due to the size of the PCB and the exits needed for the power and the sensor (ADXL1005). The Enclosure RS part number is 508-942, this enclosure has the dimensions of 190mm x 110mm x 60mm, which as shown in the figures fits well for the PCB. The glands and screen have been fitted using precise measurements, so everything is neat within the assembly. 
[bookmark: _Toc228293670]ADXL Mounting 
The ADXL 1005 is a single axis accelerometer which can withstand up to 12KHz frequency or 10000g mechanical shock. The bracket has been investigated from the Digikey website. To get an accurate measurement, the bracket needs to allow the sensor to be mechanically fitted to the vibration table with the sensor pointing to the X axis so the sensor will sit on its side. As the testing has been delayed this has not been progressed, all parties have agreed to move forwards without this, as similar mountings can be created in house. 
[bookmark: _Toc228293671]Proteus Design 
Using proteus and the help of the 3D CATIA designs, proteus designs have been made of all three of the test assembly prototypes. The three designs have been created to find out which assembly would be the best case for data collection for SAFRAN and Boeing to share the data.
[bookmark: _Toc228293672]LED Design
This first design was created as a base to show the activation of the sensor; the design is very simple using a button and a PIC to show that once the occupancy sensor is activated the LED will shine indicating activation. 
However, due to the simplicity and the lack of any data gained from this design, the project has gone through stages of design reviews with electrical certification, the choice of this design has been to stop and find other components which will be able to show data. The design can be seen in  Figure 16  LED Prototype.



[bookmark: _Ref227167520][bookmark: _Toc228293673]MPU-6050 Design Proteus
This MPU-6050 design has been created with use of an LCD to show the data gained from the tests. The LCD shows frequency of vibration when the button is activated. One of the problems with this proteus design and the ADXL design is that the simulation does not work because the component is not 100% valid in proteus and is there as a placeholder for showing the connections. This Proteus design can be seen in Figure 17 MPU-6050 Prototype.
During this design stage, a pulse input was added to the C0 Pin (RC0/T1OSO/T1CKL) this was done to ensure that the concept worked correctly, a video has been taken showing the proof of concept which allowed for the count to be made clear on the LCD screen for the cyclic testing. The second line in the video shows the Frequency changing. The Pulse input was only able to be made for one frequency which on the video is 10Khz, however when the button is pressed, the pulse input is likely falling as the button is pressed which causes the frequency to change from 10Khz to 9920Hz. images of the Proof of concept design can be seen in the same image as the MPU-6050 design.
[bookmark: _Toc228293674]ADXL1005 Design Proteus
Similarly to the MPU-6050 design, this shows all component connections for the prototype. This design has been made along with the CATIA design to show a real life reference for a test and build. The PCB designs have also been created using these to allow the connections to be made properly and with the correct design procedures and use of all correct components stated within the datasheet. 
This design due to the ADXL1005 not being a standard component on Proteus causes the simulation to fail, however the prototype has been created for additional testing. An LM393 has been used within this design to convert the analog signal produced as an output from the ADXL1005 to a digital pulse signal so that the code created can read the edges of the output when the sensor is activated to then go through the frequency calculations within the PIC code to then show on the LCD display [43].


[image: ]
[bookmark: _Toc228475539]Figure 2 ADXL 1005 proteus [43]

[bookmark: _Toc228293675]CATIA Design
The first prototype created is the prototype that has an LCD display and an MPU-6050, this was used to help display all data needed for the testing assembly. The CATIA designs have been used to both show prototypes and final assemblies with all components and wires used as seen in Figure 15 LCD prototype.
[bookmark: _Toc228293676]ADXL 1005 Prototype
The second and Final prototype created on CATIA is the ADXL 1005 prototype, 
After another design review with electrical certification and the datasheets aligning with the specifications needed to complete the tests, it has been agreed upon to design freeze so that there is no change in components and the prototype has been built to the CAD Design. The design freeze was agreed upon before testing of the prototype could commence which in hind sight was a mistake due to the issues encountered later on.  

[image: ]
[bookmark: _Toc228475540]Figure 3 ADXL CATIA Design
[image: ]
[bookmark: _Toc228475541]Figure 4 ADXL1005 Breadboard Representation


[bookmark: _Toc228293677]Full Assembly Design
This design has been completed to show the inputs and outputs to the ADXL system. As seen in the figure below. The power input at the bottom of the assembly using a 9V DC UK plug introduces power to the system and the occupancy sensor. The occupancy sensor output is connected to the assembly such that it returns back into the PCB for data on the LCD. The final put/input is the ADXL gland which goes to and returns from the sensor with power and data as a return.

[image: ]
[bookmark: _Toc228475542]Figure 5 Full Assembly Design
[bookmark: _Ref227167591]
[bookmark: _Toc228293678]CCS code
Due to customer requirements and the need for an assembly within the specification it was decided to only make a code for the LCD prototype as this was the only design which fit the customer specification. 
The code works as such for both vibration and cyclic testing of the sensor
1. System on 
2. LCD displays “Count:” on line 1 
3. LCD displays “Frequency:----” on line 2
4. Cyclic test begins
5. LCD shows up count on line 1, count until failure for the Sensor
6. Frequency line shows 0Hz. 
7. Cyclic test stops
8. Vibration test starts 
9. Steps 1 & 2 repeat 
10. When sensor is activated the frequency shows on LCD Display line 2
The code has been through a few iterations; to show proof of concept the code was modified to allow for a pulse input to be used to count the frequency on its rising edge so that the frequency is not doubled. Debounce has also been implemented so that the button only counts up and measure frequency when released. As the code has progressed the code has been updated to include the ADXL1005 board to continue to measure frequency [44]. The rest of the code has remained the same to keep a standard and allow for the specification to be met (button press & count up portion). 
Shown in the figures below is the safety, clock and header files used within the PIC. The inputs and outputs are then defined with the LCD outputs, the occupancy sensor/button as an input and the frequency input pin [44].  
To measure the frequency Timer1 increments 5 million counts per second, to improve the counted frequency, periods shorter than 250 ticks are rejected. After 600ms if no edge above 250 ticks is counted the display does not show a frequency. As the frequency is measured the code stores information, how many times the timer resets, the lats time for a signa edge, the time between two edges, a new measurement and time between signals. 
The frequency pin RC2 was defined, this has all of these previous memory sections inside. These sections are then used to convert the time between the delta into a frequency by dividing the 5 million counts by the last delta time saved [44]. 
As a calculation 
Edge 1 = 2000 
Edge 2 = 4000
Difference = 2000 ticks 

The main code then stores button count and last calculated frequency, gives all defined pins as inputs or outputs depending on their function within the system. within the main there is also the LCD print code, the count is on line 1, the frequency is printed on line 2 of the LCD unsigned long is used for the sensor count to ensure the correct count is displayed [44].  Timer1 is set up and timer2 is set up for the code to reset if there is no ADXL1005 output signal this helps the system by displaying “FREQ:----” [44]. 
The button (sensor) code is then involved, this portion of code is to confirm sensor activation with debounce delay to stop improper count from occurring, the LCD code is then used again to update the display with new values if the occupancy sensor is activated multiple times [44]. As the sensor is then released the latch can be cleared and the code can be run again if the sensor is activated more than once as such in a cyclic test. This code can be seen within the figures below. 
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[bookmark: _Toc228475543]Figure 6 Main Code 1
[image: ]
[bookmark: _Toc228475544]Figure 7 Main Code 2
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[bookmark: _Toc228475545]Figure 8 Main Code 3
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[bookmark: _Toc228475546]Figure 9 Main Code 4
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[bookmark: _Toc228475547]Figure 10 Main Code 5
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[bookmark: _Toc228475548]Figure 11 Main Code 6
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[bookmark: _Toc228475549]Figure 12 Main Code 7


[bookmark: _Toc228293679]Prototypes
A prototype of the MPU-6050 was created however was left untested due to the certified frequency range being too small for what is needed. This build is shown in Prototype however was never tested. 
The second prototype was the ADXLl005, this prototype includes additional circuitry for the sensor to work in the assembly. Due to a lack of time because of the issue created from the MPU-6050, the decision was made to get the evaluation board for the ADXL1005 to be able to meet the allocated testing times. This means that the board is connected to the PIC almost directly with few components between as shown in the Proteus designs, due to the MPU-6050 prototype being in progress initially, before finding that it wouldn’t work, there was minimal change to the design and the prototype created on the breadboard as seen below. 


[image: ]
[bookmark: _Toc228475550]Figure 13 ADXL1005 Prototype


The ADXL1005 design has gone through testing and has  been found that the system doesn’t work. 
Each segment was tested individually, the button and LCD was tested due to them being able to be tested on proteus, code has been uploaded and button pressed to ensure count up. Which was not able to be completed, this has caused some issues spoken about in 7.1. within this stage of the project, three pieces of code had been created, the Proof of concept code spoken in the  MPU-6050 Design Proteus, the second code is the full assembly code which is in the appendix and spoken about in CCS code. 
The final code is a test code which is extremely simple, all it does is count the button presses and display “count: X” as the button is pressed value X increases. This was done to make sure that the frequency code was not causing issues for the system. however, the same issues arose during this code implementation as both LCD displays would only show blocks and not the written code. This could also have been because of the poor soldered joints however two LCDs were tested and both were found with the same issue.





[image: ]
[bookmark: _Toc228475551]Figure 14 LCD Display Issue


[image: ]
[bookmark: _Toc228475552]Figure 15 LCD Test 2
[bookmark: _Toc228293680]Easy PC Design
To improve the design further, the Designs have been created on EasyPC to be able to switch from a breadboard prototype to a PCB. This PCB is used within the final deliverable which is made using all previous designs. The EVALADXL1005 sensor is already mounted to a PCB to be efficiently mounted to a jig used to mount the occupancy sensor to the vibration table. This is not needed within the cyclic test portion of the qualification. 
Within the PCB design there is also a set of pin headers. These headers are used to program the PIC. If in future there are program updates to make the program more efficient then these headers will be used. 
Use of Specific standards have been used to create the Easy-PC design to ensure functionality, efficiency and safety. Standards used to design the PCB can be seen below: 
· IPC-A-600  - used to create high quality standardised designs for PCBs[30]. 
· IPC-6012 – this has been used to ensure that the PCB is qualified to work within the environment that was required [30]. 
· IPC-A-610 – this has been used to ensure that the design is correct and there are no issues with alignment or placement of components [30].
· IPC-2221- this has been used to ensure that the design has been created with manufacturing in mind [30]. 
· IPC-7711/7721- this has been used to create a design where if issues occur later in its lifespan then the issues can be rectified easily [30].
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[bookmark: _Toc228475553]Figure 16 Easy PC Design Schematic
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[bookmark: _Toc228475554]Figure 17 PCB Design


[image: ]
[bookmark: _Toc228475555]Figure 18 PCB 3D View

[bookmark: _Ref223948185][bookmark: _Toc228293681]Visio Diagram 
This Visio diagram is a complete diagram for the whole system, excluding the occupancy sensor itself. This Visio diagram has been used to order the parts through the company system with DOC and BOM control to ensure that the correct parts are ordered without issue and can then be used to build the full assembly once the prototype is completed. This Visio Drawing can be seen in Appendix 6 - Appendix 9. 
[bookmark: _Toc228293682]Risk management & checks
Smarteam is used  as risk management and quality checking to ensure that issues for commercial production and legal issues can be brought up and corrected when creating the designs. The drawing itself has been put through the workflow within SmarTeam as shown in Figure 6 SmarTeam Workflow release. This document has been approved by a Principal certification Engineer, and also by DOC and BOM control to be able to be built of which no issues were found as a result of the Visio diagram.  With use of the table in Appendix 2 many problems have been mitigated especially with the use of smarteam. However, other issues which were not thought of have crept up which are explained in  7.1.
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[bookmark: _Ref224302797][bookmark: _Toc228475556]Figure 19 SmarTeam Workflow release

[bookmark: _Toc228293683]Full Assembly Build/Design
With use of the components seen within the prototypes, the full assembly has been built, the components used are seen as follows within the table below. 
[bookmark: _Toc228293741]Table 4‑1 Components List
	ITEM

	LM393

	SMD Components

	PIC16F877A

	7805

	potentiometer

	HD44780

	ADXL1005

	HTNS (sleeving Expandable)

	20MHz Crystal

	PCB

	Enclosure












As seen in the figure below the design of the full test assembly has been created as a representation of the assembly. 
The PCB includes all of the components within the Prototype due in Figure 4. 
To start the build the box has been drilled out, the holes are the same size as the cable glands and the female banana plugs (20mmØ & 5mmØ respectively). The second part of the build has been to drill small holes for the LCD mounting on the lid. A multitool has then been used to cut the square out for the LCD screen and to hold the PCB in Place hot glue has been used to ensure that it has been held securely. . Mounting holes for the PCB have not been drilled out as the PCB has been Hot Glued to the enclosure. The mounting holes were put in the PCB design as an extra method of mounting if the hot glue is not secure enough. 
During the build process, the PCB has been mounted to clamps to keep the PCB secure from moving. The SMD resistors and Capacitors have then been soldered on and tested to ensure continuity and correct values of resistance. As the PCB has been soldered fully.
[image: ]
[bookmark: _Toc228475557]Figure 20 PCB Soldering
[image: ]
[bookmark: _Toc228475558]Figure 21 Full Assembly wiring

[image: ]
[bookmark: _Toc228475559]Figure 22 Full Assembly
[bookmark: _Toc228293684]

PIC Code/turning the assembly on
 the next test was to check to make sure that there was continuity and resistance levels were correct at each point, these tests were completed, however it was found that some capacitors were not showing continuity to the ground plane. The design in EASYPC is correctly made, as there were no errors found in the design other than unused connections which were not needed in the first place.  LCD was powered. Rather than using the Input power, the PICKIT 
power was used for safety, seen in the figures below. [image: ]
[bookmark: _Toc228475560]Figure 23 PIC Programming
Whilst doing this testing for the full assembly, the LCD did not work, due to this further investigation was completed. It was found that although the design is correct, JLCPCB did not follow the design when creating the PCB. The ground plane which should have included certain capacitors was not connected. This caused the LCD to not work and possibly destroyed certain components for the system. this was also designed incorrectly, the decoupling capacitors within the system were incorrectly placed in series with the VDD and VSS ports for all of the components which has caused issues with turning the system on. 

[bookmark: _Toc228293685][bookmark: _Ref214797472]Analysis
[bookmark: _Toc228293686]Cost 
[bookmark: _Ref223863251][bookmark: _Toc228293742]Table 5‑1 Component Cost
	Item
	Function
	Cost (£)
	Supplier

	BoJack electronics Kit
	All miscellaneous components
	£15.99
	Amazon

	LM393
	Convert the data for the PIC
	£0.74
	Mouser

	PIC16F877A
	Control the LCD data shown
	£5.74 x 2
	RS

	7805
	Voltage regulation
	£0.44
	Mouser

	HD44780
	LCD screen to show data
	£10.46 x 2
	Farnell

	ADXL1005
	Actual sensor for vibration
	£46.89
	Mouser

	MPU-6050
	Proposed sensor for vibration
	£9.99
	Amazon 

	HTNS
	External protection
	N/A
	SAFRAN

	20MHz Crystal
	For timing of PIC
	£0.56
	RS

	PCB
	Full Functioning Assembly
	£35.19 
	JLC PCB

	Enclosure
	Protect the assembly from dust and water ingress
	£11.29
	RS

	Cable Glands
	Protect the assembly from dust and water ingress
	£6.46
	RS

	9V plug
	Power source from mains
	£12.12
	RS

	Female Banana Plugs
	I/O from Sensor
	£7.31
	RS

	SMD Components 
	Caps & Resistors used for the PCB
	£172.88- Resistors
£37.27
	RS

	Total cost of components
	
	£395.53
	



As the design and the prototype has been completed the cost of the assembly can be seen in the table above Table 1 Component Cost. This table shows the cost of the items and the supplier. 
Not all components have been sourced cheaply, because of the ethical purchasing and the websites used. All components have been purchased from reputable websites to ensure that the components are manufactured ethically. 

[bookmark: _Toc228293687]

System functionality 
[bookmark: _Toc228293688]Test Setup
1. Ensure all Power Supplies are isolated prior to setup
2. Place the UUT (occupancy sensor assembly) onto the Vibration Table provided by the Laboratory and secure using clamps, straps or fixations suitable for the Vibration Table
3. Connect the Seat Occupancy Sensor to SK50499-001 and the power supply, as described in the Generic Test Setup. Route SK50499-005 harness from the Vibration plate to a suitable table. 
4. Ensure power is not applied until during the procedure
5. Complete the Test Setup of the Vibration Table and associated equipment in accordance with DO160G, Section 8.3.

Generic Pass Criteria for the vibration test includes- 

1. No Arcing of electrical connections
2. No Sparking of the electrical components/connections
3. No Smoke form the assembly or the occupancy sensor
4. No fire from the assembly or the occupancy sensor
5. No cracks visible on the occupancy sensor
6. No activation of the occupancy sensor during the test



[image: ]
[bookmark: _Toc228475561]Figure 24 Vibration Test Setup




[bookmark: _Toc228293689]Evaluation 
[bookmark: _Toc228293690]Vibration/Cyclic monitoring system
For the system tests there has been continuity checks on all points on the PCB board. Voltage tests have been done to ensure correct voltage throughout the system. finally, code checks have been completed as there has been use of CCS compiler to ensure the code has compiled properly.
 The final test for the assembly was the full system level test; this did not work on the Breadboard as the LCD screen was bringing up only blocks. A second LCD was used to attempt to rule out the issue of the LCD being faulty however this same issue arose. For the PCB tests the LCD also showed worse issues. As seen in the figures below the LCD screen did not work at all. Research online indicated that the issue could be resolved by use of decoupling capacitors as it is a standard practice to use them on chips, which may help the assembly in this situation, so the PCB was designed with this in mind however the decoupling capacitors did not resolve the issues encountered as the issues were made worse by the fact that the PCB was designed incorrectly found during testing. 
[bookmark: _Toc228293691]Tests
Due to unforeseen circumstances the actual tests of the occupancy sensor have been postponed to August 2026. The tests have been postponed due to other projects within SAFRAN needing more attention to get certified, namely two in production seats to qualify for Boeing and AIRBUS specifications.as a result of the tests being postponed, the Harness assembly (SK50499-005) was also postponed in creation as other projects have needed the people who would have been included. 
 If the assembly did work to represent these tests and to make sure that the system works, a vibration table would have been used to show the concept of that the sensor has gone through. To prove the cyclic tests, the system would have been hooked up and the sensor activated manually for a period of 10 minutes to show proof of the system working, however full test results for the two test methods are unable to be shown because of the assembly not working.



[bookmark: _Toc228293692]Conclusion And Recommendations 
[bookmark: _Ref226215905][bookmark: _Toc228293693]Issues Encountered
Throughout this project there have been many issues encountered, as has been stated throughout this report. The first is the MPU-6050 issue, certifying a component for a specific task whilst the sensor not being certified itself will not work. Finding a new sensor and designing around the ADXL1005. 
Another issue that had been encountered was that the LCD would not work, this has been the main issue that has been encountered, whenever the code had been updated as a test code or the real code only black blocks would show. This issue has still been unresolved at this time. 
There have been many attempts to resolve this issue, a “button count” test code had been made for the prototype which still failed to show anything on the LCD however it works in proteus. Testing the circuit prototype with multimeters to ensure proper voltage and continuity has been completed and there are still failures for the LCD Display. Two Different LCDs were used for this test code. This was the same situation in both cases of LCDs.  Decoupling capacitors were added to the Easy PC design as surface mount capacitors, which was not tested on the prototype due to the time constraints.
As the PCB was then ordered to attempt to resolve the issues of possible incorrect connections. the PCB was designed incorrectly and not to the specification I had created. All surface mounted components within the PCB layout were not connected to the ground plane in the PCB. This caused issues again as the project cannot be completed or tested properly within the timeframe set out initially as the PIC has been soldered to the board. The code can be implemented but the components due to the incorrect placement of certain surface mounted components as a design oversight. 
After the PCB design failed, another investigation was started, tested as a prototype, decoupling capacitors were added for on the PIC, LCD Display  and the input for the ADXL1005, which had a possibility of improving the LCD performance. This did not change the outcome of the LCD. 
[bookmark: _Ref223948103]

[bookmark: _Toc228293694]Recommendations 
[bookmark: _Toc228293695]Data Logging
This option was considered throughout the project until the Accelerometer (MPU-6050) was found to be ineligible. Data logging would have drastically improved the effectivity of the assembly, rather than a one off data set laid out on the LCD screen the logged data would have been able to have been recollected at any time with use of SD cards. This data would have been for Boeing and this project to use as an extra resource for showing the capability of both the occupancy sensor and the test assembly. 
The Logged data would have been able to have been put into graphs to explain and show the capabilities in better detail. Although the tests fell through, generic tests could have taken place such as putting a different type of sensor on the vibration table within SAFRAN and showing how the assembly would have been mounted, powered and then the screen would have shown count for activation of sensor, if the sensor used was previously qualified, the sensor would have been activated artificially (by myself) to show that the assembly would have shown frequency and count. 
[bookmark: _Toc228293696]Switchable connectors 
The Harness drawn in Visio should have been within a separate assembly, by creating variants of this harness other connectors for other sensors could have been used. The wiring will change to power the sensors used and take the output from the sensor; however the main principle will stay the same as the original harness, each variant will have a different connector and the male Banana Plugs on the other end to connect to the Test Assembly. All that would need changing is the code used for the PIC to change the Occupancy sensor code to a different sensor. 
[bookmark: _Toc228293697]Battery Power 
As this test assembly was also supposed to be used in service, the option of using a battery to power the assembly was also considered however was not used as the battery option may not last long enough for the tests to complete as the cyclic test would have been until failure, this may have taken many days to reach the failure point of the occupancy sensor. However, this option for in service testing would have been much better. Power on an aircraft comes through the seats, if the occupancy sensor was the point of failure for the seat, the system would not work in service. 
A battery powered system would improve on efficiency for in service use because the occupancy sensor is a timed operation in service. For LRU removal, all LRUs should be taken out, tested and then put back or replaced in 10 minutes individually. The battery powered assembly would have been able to be much more mobile for this. The seat cushion could be lifted, the LRU unplugged and removed, then the assembly plugged into the sensor, the assembly switched on and then the occupancy sensor tested. The occupancy sensor then removed, returned and back to its original state. 
LCD Display 
Another improvement which could have been made is the use of an I2C backpack for the LCD Display. This backpack would have changed the code for this system, however there are less issues to deal with due to the minimal wiring to the I2C LCD display. The backpack would significantly reduce wiring which would cause less issues to display the text on the system. issues could have also been reduced by the improved trouble shooting for the I2C which include I2C scanners to solve issues or sweeping the potentiometer for the system to find the correct contrast. 
[bookmark: _Toc228293698]Design Improvements
To improve upon the design of the PCB there are a number of improvements which can be done. The first of which is to make the PCB much smaller, as it is not the footprint is very big and the PCB is extremely close to being too large for the enclosure. Components can be moved closer together to ensure a better fit  without wasted space and proper use of standoffs for the PCB to be mounted as the vibration may cause issues with the PCB as it stands. 
A second design improvement would be to include the use of shielded wire for the sensor output. This will help with the noise reduction from the input wires (VDD & GND) and create a cleaner output signal from the ADXL1005 sensor. This wire would likely have been an improvement for the LCD display to be able to work.
Finally for the design improvements, all of the surface mount components which needed to be connected to the ground plane, these need vias to be connected, or they should have been through hole components. and the decoupling capacitors should have been in parallel with the VDD and VSS pins for the PIC and the LCD, which would have resolved the issues encountered for the system not powering up. Seen in the figures below are the up revised designs for the PCB schematic & Layout. As soldering of components was incredibly difficult for surface mount resistors and capacitors due to their size, through hole components have been used, the LM393 has stayed as a surface mount component and a via added to ground the component. the board has also been made smaller for improved positioning in the enclosure for ease of fault finding.


[image: ]
[bookmark: _Toc228475562]Figure 25 PCB REV B Schematic

[image: ]
[bookmark: _Toc228475563]Figure 26 PCB REV B Layout

[bookmark: _Toc228293699]
Conclusion 
To conclude, this project has had many issues and has not run particularly smoothly, however because of these issues, the project has turned into something which is more capable than originally thought out. Due to the many design iterations of the system, and input from the customer, the system has been updated and improved.
 Examples of updates include going from a simple counter circuit with use of only LEDs, to then becoming an  LCD based counter for improved data collection, then to becoming a frequency monitoring system as well as a counter to be able to combine two separate test assemblies to a single assembly. 
Comparing the final Gantt chart to the original two Gantt charts, it can be seen that the project started to fall through when in the testing & design phases, there was not enough time for investigation to be done to complete the project and have it working to show data for the assembly in action. The design phase was completed however it was completed late which as a knock on effect caused the testing phase running alongside the design phase to find the issues which then caused the PCB design to have less time which is where so many issues were encountered as spoken about in previous sections. Alongside the Gantt chart, a logbook has been created, this follows all tasks throughout recording issues and improvements made to the system and when the task was completed this can be seen in Appendix 14.
Overall, the project produced does not work, however through the process of design, testing and issues encountered, this has highlighted the need for quality management and continuous improvement for similar projects, it has been shown that although there is quality management within this project there should have been more checks throughout, which would have improved the system created. 
Engineering management principles were conducted as meetings were held throughout for ideas to improve the system. Understanding the customers’ needs for specific components and the task that the system was supposed to perform. This was all completed whilst being ethical and legal, to ensure that the system was properly made. Although design errors were made, the issues encountered also improved the systems new designs for the next steps within the project. 
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[bookmark: _Toc228475564]Figure 27 Final Gantt Chart

[bookmark: _Toc228293700]Reflection 
During the initial stages of this project, there was much consideration between myself and the certification engineers within SAFRAN to be able to create the assembly. The requirements of the assembly changed drastically from the very beginning to the prototype so initially being able to only count to being a combined frequency monitor and counting system. I have encountered many issues along the development of the assembly. However, there have been many sources which have improved my knowledge and helped understanding of project management. 
One of the largest issues that I encountered was attempting to find slots for testing. contact between myself, other engineers and a test centre has been made throughout the project to find dates. However, as the build of this seat is not started until November and the other projects on the final assembly line need to be certified, all slots have been taken up by these projects. 
The second issue that I had encountered was the choice of vibration sensor (accelerometer). The initial choice was the MPU-6050, this choice was made because I was comfortable and had previous experience with the sensor. After becoming more familiar with the sensor and reading its data sheet I had found that the MPU-6050 was not certified for the mechanical shock that was required.
 Time was then taken up by finding the correct sensor (ADXL1005)improving upon the proof of concept code, then testing the prototype creating the PCB for the system and then testing this making sure that it works with the occupancy sensor. Due to the irregular component choices, the prototype was unable to be tested within proteus which also made creating the code much more difficult as it had to be changed and updated in real time whilst also having others verify the work through the drawing on Smarteam. One issue with this is that the Visio drawings do not show the PCB design, if it were included in the Visio, other people may have been able to spot issues with the system beforehand so the issues encountered may not have occurred. 
Although there have been issues with the project, the problems have developed and improved myself as an engineer and project manager through attempts to critically think of resolutions and Dealing with these problems has been a struggle and from my end at this point the test assembly is still incomplete due to the LCD Display not working and the PCB design has been built incorrectly as the ground plane for components has not been included in the PCB.
If there were more time to improve upon the system more investigation would have gone into fixing the LCD screen issue. As the screen works on Proteus I have found it particularly difficult to find solutions on the issue. Additionally, I would have spent more time ensuring the design for the PCB was correct so the surface mounted components were connected properly to the board these issues may not have arisen. 
As I had made some mistakes throughout the project, these could have been eliminated, if there were somebody to check the PCB and breadboard rather than only the Visio diagram. Which in hindsight is my fault as I should have requested for this resource, I would have not had to buy the PCB in order to find faults which were easily noticed if a fresh set of eyes were to see the designs. Resulting from this experience of project management, development has changed me and I have been able to see my mistakes and how to attempt to improve the issues as I did not give up in attempting to resolve the problems encountered through redesigning. 
One of the things however which went well was money management for the project, a budget was set out for £2000, the total component costs were £395.53, labour included which makes up for roughly £1500 which is majority myself when working on this project. As there are other responsibilities in work I was unable to focus solely on this project and was able only in free time between the suite designs and submittals for the aeroplane manufacturers.
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Logbook

	

	[bookmark: _Toc228293703]Activity
	[bookmark: _Toc228293704]date
	[bookmark: _Toc228293705]Explanation of activity

	Project proposal 
	29th sept 2025-20th oct 2025
	Creating a proposal for the project including the ethics form, risks and literature review. 

	Gantt chart creation 

	29th sept 2025
	Creating a chart to show activities and times of start and end dates

	Risk matrix creation 
	29th sept 2025
	Creating Excel sheet for risk management and how to mitigate the effects of issues

	Prototype designs
	27th Oct-14th Nov 2025 
	CAD and Proteus prototype designs 

	Literature Review
	22nd Sept- 1st May 2026
	Finding sources of similarity and citing them for similarity, issues brought up and recommendations to improve upon 

	PIC Prototype Code
	17th Nov-5th Dec 2025
	Creating code for proof of concept showing that the system will work

	Prototype Material Procurement
	8th Dec-12th Dec 2025
	Buying al components needed for the Prototype system

	Prototype Build
	15th Dec- 9th Jan 2026
	Building the prototype design to the specs created in the Proteus and the CATIA

	Interim Viva 
	15th Jan 2026
	Presentation of where I am in the project

	MPU6050 issue found 
	15th Jan 2026
	Issue found where accelerometer would not be able to be used for the certification of the sensor

	Investigation to find new sensor 
	16th Jan 2026
	As the MPU6050 was not certified for vibration required, investigation into a new accelerometer was completed and a single axis accelerometer rated to 10,000g was found and delayed the design of the Project

	Redesigning the Prototype & Designing the 3D model
	19th Jan-13th Feb 2026
	Redesigning and adding components to the system to allow for the inclusion of the ADXL1005 & adding a comparator for cleaner signals

	Proteus Design Update ADXL inclusion
	19th-23rd Jan 2026
	Redesigning proteus and including a comparator in the design to ensure for cleaner output of sensor due to analog output

	Catia Breadboard Design Update ADXL inclusion
	29th-30th Jan 2026
	Updating CATIA design to make accurate representation of breadboard and connections to use when building prototype

	Breadboard Testing with updated Design/creating code
	9th-11th Feb 2026
	Building and testing the breadboard with inclusion of comparator, ADXL1005 and new connections, code creation for ADXL1005 done alongside build and test to iron issues out


	Design of full assembly/ Visio Diagram Smarteam 
	11th-13th Feb 2026
	Catia Representation of the full system system whilst creating the visio diagram alongside the system whilst also getting the drawing approved by the principal certification engineer

	Easy PC Design
	16th Feb-6th Mar 2026
	 Designing the PCB on EASYPC for the full system

	Build of PCB
	9th Mar- 20th Mar 2026
	Waiting for SMD components to be delivered in the first week, week 2 soldering the through hole components, week 3 soldering the SMD components.

	PCB Testing & Fault Finding 
	23rd - 27th Mar 2026
	Testing all connections and finding issues which were not picked up during the PCB design on Easy PC, Finding lack of Grounding for components, finding issues with capacitors as their connections were incorrect.

	New Breadboard build
	30th Mar-18th Apr 2026
	Rebuilding breadboard to include decoupling capacitors and checking the connections to all components

	Fault Finding
	20th – 24th Apr 2026
	Code checks to ensure that the code is sufficient with the LCD as blocks were prominent and the LCD was not initialising properly.

	PCB Redesign 
	27th Apr- 1st May 2026
	Redesigned to ensure power and correct connections for the PCB as issues could once again be poor connections to the pins
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#include <16F877A.h>

// CONFIGURATION
#fuses HS, NOWDT, NOPROTECT, NOLVP, PUT, BROKNOUT
#use delay(clock=20000000)

// LD (4-bit mode)
#define LCD_RS_PIN PIN_Bo.
#define LCD_RW_PIN PIN BL
#define LCD_ENABLE PIN PIN B2

:::Ewnummbwnui
A

#define LCD_DATAG PIN D4

#define LCD_DATAS PIN DS
14| #define LD DATAG PIN D5
15 | #define LD DATA7 PIN D7
16

17| #define LD_TYPE 2
18 | #include <lcd.c>

19
20 [ // 1/0 DEFINITIONS

21| udefine BUTTON PIN A0

2

23| // CCP1 input pin on PICI6FS77A is RC2

24 | udefine FREQ_PIN PIN_C2

25

26 | // FREQUENCY MEASUREMENT

27|

28| 7/ At 20 mz:

29| // instruction clock = oscillator freq/4 = 5 Mz

38| // Timerl tick =5 MMz = 0.2us per tick

31| sdefine TI_TICK HZ (20000000UL/4UL) // 5,000,000 Hz

32 | #define MIN DELTA TICKS 250 // reject under 256 ticks
33 | #define NO_EDGE MS 600 // show ---- if no edge
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¢ mainc

34][ //volatile- read value every time

35| volatile unsigned int32 tLovf = 0 //counter for overflow
36| Volatile unsigned int32 last.t - 0 //last timestanp

37| Volatile unsigned int32 last delta J/period between edges
38| Volatile intt have delta - 0; /e period

3

4| volatile unsigned int16 ms_since_edge = 0; //tiner2 interrupts
P

42 | // Timer1 overflow extends timestamp
43]|  #int_timer1 //run when overflow
44|B void isr_timerl(void)

as [ ¢
6] | tiovfrs  //increnent counter

||y

a8

49| // ccp1 capture on rising edge

50| wintcopr  //run when edge captured

51 |5 void isr_ccpl(void)

s2|[{

53 unsigned int16 caplé = CCP_1; //get tinerd value when edge captured

54 unsigned int32 now = (t1_ovf << 16) | (unsigned int32)caplé; //combines overflow value and timer value
55 unsigned int32 d - now - last_t;  //tine difference betueen last edges

s lastt - now;  //store current to become last for next edge o calculate frequency
57

s8]0 iF(d > MINDELTA TICKS) //sccept when period is large enough

59 €

60 last_delta = d;  //save valid time difference

&1 have delta = 13 //new period ready to use

5 ns_since edge = 0; //reset tinerl

5 b

o[}

65

66 | // Use Timer2 for "no signal” detection
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66| // Use Tinerz for "no signal” detection
& ner2

68 r_tiner2(void)

&

7 if(ms_since_edge < 65535) //prevent tiner overflon

7 ns_since_edgert; //increnent tiner for last valid signal

72|y

)

78| /7 Returns latest frequency estinste in Hz. @ means "no valid reading yet”.

75| unsigned int16 get frequency_hz(void)  //return latest frequency

7]«

77]| | * unsigned int32 d; //declare positive variable to store period betueen edges

7

79| dissble interrupts(oloBAL);  //disable sll interrupts if new pericd is ready & valid
50 |0 if(thave delts)

1 €

2| ensble_interrupts(GLOBAL); //recnable if no valid frequency measurement

5 return

5 b

85) [ d = last_delta; //copy latest measured period

6 have_delts - 0 //nessurenent read and reset

57| enable_interrupts(GLOBAL); //reenable interrupts

5

89, if(d == @) return @; //exit if incorrect values

% return (unsigned int16)( (unsigned int32)TLTICK HZ / d ); //perforn frequency calculstion T1-5,000,000 d- latest period int32- 32 bit msths intls- return 16bit integer
Y

a7 T
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s3] /7 mam|

34 | B void main(void)
55 [ ¢

5 unsigned int16 count = 0; //keep track of button presses
unsigned int16 frequency = 03 //verable to store & display frequency

intl button latched = FALSE; //nake sure button press is only counted once

<

setup_adc_ports(NO_ANALOGS); //disable a1l analog ports
setup_adc(ADC_OFF); //disale analog to digital conversion

/1 1/0 directions (same intent as your original)

set_tris_a(0xFF); // PORTA inputs (button on RAG)
set_tris_b(0x00); // PORTB outputs (LCO control)
set_tris_d(0x0F); // RD4-RD7 outputs for LCD data in 4-bit mode

set_tris_c(0b00000160);  // RC2 input (CCP1)

/1 Lo init
led_init();
Led pute("\F');
delay_ms(15);

1ed_gotoxy(1,1);
printf(lcd_pute, "Count: ¥1u", (unsigned long)count);

1ed_gotoxy(1,2);
printf(lcd_pute, "Freq: -

H");

/1 Timer1 + CCP setup
Setup_timer_1(T1_INTERNAL | T1.DIV_BY_1); //use internal clock ot mex resolution
set_tiner1(0); J/clear tiner to 0

Setup_cepl (CCP_CAPTURE RE); J/capture on rising edge
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77 Timer2 for ~ims tick
setup_timer_2(T2_DIV_BY_16, 124, 1); // ~6.4ns tick

enable_interrupts(INT_TIMER1);  //enable when timer 1 overflows
enable_interrupts(INT_CCP1); // enable when rising edge captured
enable_interrupts(INT_TIMER2);  // enable tiner2 every 0.41s
enable_interrupts(GLOBAL) ; //enable system interrupts
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7/ Prevent startup false press (button active LOK)

while(!input (BUTTON) )5

while(TRUE)

{

SF(1nput (BUTTON) 82 !button_latched)
{

141 delay_ms(20); // debounce
192 | F(!input (BUTTON))
143 i
104 button_latched = TRUE;
145
145 count;
147
145 // give time to capture at least one valid period
149 delay_ms(50);
150
151 frequency = get_frequency_hz(); //call caleulated frequency and store in frequency varisble to display
152
153 led_gotoxy(1,1);
150 printf(lcd_putc, "Count: ¥lu ", (unsigned long)count);
155
156 Led_gotoxy(1,2);
157 7/ "o signal® check: ms_since_edge is in ~0.4ns units here
158 | if((ms_since_edge * 4) > NO_EDGEMS * 10 || frequency == 0) //display ~-- if pericds are too long or no valid frequency
159 printf(lcd_putc, "Freq: ---- Hz
160 else
161 printf(lcd_putc, "Freq: ¥lu Hz ", (unsigned long)frequency);
162 3
163 3
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countre;
147

145 // give time to capture at least one valid period

149 delay_ms(50);

150

151 frequency = get_frequency_hz(); //call caleulated frequency and store in frequency varisble to display
152

153 led_gotoxy(1,1);

150 printf(lcd_putc, "Count: ¥lu ", (unsigned long)count);

155

156 1ed_gotoxy(1,2);

157 // "o signal® check: ms_since_edge is in ~0.4ns units here

158 | if((ms_since_edge * 4) > NO_EDGE_MS * 10 || frequency == @) //display if periods are too long or no valid frequency
159 printf(lcd_putc, "Freq: —--- hz

160 else

161 printf(lcd_putc, "Freq: ¥lu Hz ", (unsigned long)frequency);

162 3

163 3

164

165 | F(input (BUTTON) )

156 i

167 button_latched = FALSE;

165 3

169 3

e ([}
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