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Acronyms, Abbreviations and Units

Hz Hertz
MS Microsoft
PIC Programmable Interface Controller
A Ampere
SK Sketch
/'O Input/Output
RTCA Radio Technical Commission for Aeronautics
FAA Federal Aviation Agency

Table 1 Abbreviations, Acronyms and Units table
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5 Introduction

The working title of this project will be Design and implementation of a test Assembly for

monitoring an occupancy sensor during cyclic and vibration testing using a PIC.

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 will work within its guaranteed period

which is undetermined due to being built in house whilst working in a dusty environment.

The aim of this project is to design and implement a solution for ease of testing/fault finding

for an occupancy sensor in production or in service and for qualification.
The objectives of this project are to:

* Analyse the existing test methods for similar sensors to gain information.

e Design a prototype of the test assembly with use of software and hardware.

e Implement a fully built test assembly and test the occupancy sensor.

e To evaluate the performance of the test assembly to allow the assembly to qualify the

sensor.

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 will help to qualify the occupancy sensor to be safe for flight with
compliance to Boeing, RTCA, FAA and SAFRAN standards and regulations.

To make this project a success, there needs to be risk management, to identify evaluate and
minimise any of the potential issues/risks that may pop up during the project. A budget will
be created so there will have to be cost saving techniques implemented throughout the
project. Communication will also help to make this project a success; this will be
communication between many parties including SAFRANSs electrical certification engineers
to ensure the project is in line with the requirements of the tests. At the end of the project

there will be a deliverable which will be the test assembly. The test assembly will include a
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harness and a circuit made from electronics within an enclosure, to be able to gather data for

the testing.

6 Literature Review/Background

The purpose of this literature review is to thematically justify the purpose of this project.

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]. Chae et al. [3] shows that 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.

Katalin. [11] shows use case for components to be used in conjunction with a microcontroller
to test vibration, this helps design choices for the project which will be carried out. This
source 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.

Jaber et al. [13] shows that 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, 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.

Another source [14] shows 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. This paper however still misses out on

the two tests methods that an assembly will be created to monitor the results.

The final source [15], which is 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. Labeodan et al [15], shows that energy performance is also
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improved through occupancy driven control, which the seat will have if the project can

continue and the sensor will be able to be qualified.

Whilst looking at the literature, the monitoring of a sensor during cyclic and vibration testing
is lacking in literature which shows there is a gap for this project to continue forward. The
design element is not yet defined, so it may change from what is proposed in the project

design.

7 Project Design

There are many development methods that can be used. This project will be 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. The theory behind the proposal has come about due to there being questions on how
to monitor the sensor during its qualification testing. Using software development and an
experiment to create the project. These are both appropriate tools, the PIC will need software
developed for it to monitor the sensor during its test. The experiments are also justified to
make sure that the concept is there to continue with implementing and developing the correct

prototype once the experiments are complete.

Data collected will be a collation of two separate tests both of which are quantitative data, the
first set of data will be the cyclic test data to see how many times the occupancy sensor can
be activated before failing making sure that the test assembly is accurate. The second test will
be monitoring the sensor through the vibration test, if the sensor is activated during the
vibration test, the assembly should be able to pick up the frequency that the sensor was
activated at. The architecture is not yet set in stone however it will include a sensor for
vibration, either LEDs for activation indication or an LCD for indication, this may end up
being both, one as a visible aid to know when the sensor is indicated and the LCD to show

the count and frequency of which the sensor is activated.

Due to the project being work-based, the project has been given a budget of £2000, this will

be parts, development and labour included.

This project could impact society positively. Improvements on efficiency and job
effectiveness due to the ease of use for the test assembly, the assembly will also positively

affect safety on an aircraft due to proving as a knock-on effect.

Page 6 0f 12




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 will 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 will be reuseable, through other uses such as upcoming projects with

similar sensors that will need to be qualified through similarity.

Below a figure can be seen of some initial risks and how they will affect the project if they

are not mitigated and how they will be mitigated.
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7.2.  Ethics

Including making sure the test assembly is created ethically, all components needed and work
that is completed for the assembly will be done/sourced ethically and include people of all
skillsets where needed to complete the project to bring inclusion and diversity into the
project. The product created will be made to help with certifying a sensor for an aircraft
which in turn helps with public safety and efficiency of crew and be made with help of up-to-
date sources [6]. An ethics form will also be made to ensure the project is made safely and

correctly.

8 Resources

8.1.  Deliverables
e Proteus design
e CATIA Design/s
¢ Breadboard prototype
e Test assembly

8.2.  Resources/tools

Tools to be used throughout the project will be, CATIA V5, MS VISIO, Proteus, PCW/CCS
C Compiler. These tools will need to be used as the CATIA V5 model will help to show the

prototype and the fully implemented system as a 3D representation for ease of test set up.

The MS VISIO will include a Bill of materials, notes which will state requirements an
assembly drawing of the test set up, the test box diagram and finally the in-house harness

assembly, with wiring diagram and tolerances.

Proteus and PCW/CCS will be used together to prototype the test set up so that the PIC code

(C+) works when moving on to the prototype assembly and the full-service assembly.

Google scholar, Semantic scholar and IEEExplore will also be of use within the project to
include and improve the literature review which will be completed throughout the course of

the project. Access should be gained through institutional sign in through the university.
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

1) Introduction
/ A&O (15.5/20 Marks)

Good project title. Identified an

industry relevant problem in the aerospace sector
and explained why this project

is worth doing. The project aim are clearly stated
and well-aligned with the

/ 1 O O identified problem. SMART Objective is available,
although some could be made

more measurable. Factors needed for project
success such as communication, risk
management, and cost control is described.
Deliverables are mentioned and

appropriate, but they could be grouped and
presented more clearly at the end of

the introduction.

2) Background to
the Project / Literature Review (15/20 Marks)

Engaged with a good range of

academic sources, including journal articles and
conference papers. The chosen

literature is relevant, particularly those focused on
vibration monitoring,

microcontroller-based systems, and occupancy
sensor behaviour. Identify a clear

gap in the literature regarding cyclic and vibration
testing of occupancy

sensors. It would have been better with providing
strong connection between

each cited work and your project design.

3)
Project
Design: (21/30 Marks)

Identified that the project will

use a deductive approach and agile methodology.
The development methods and

tools are described well. The description of data
collection is good. However,

the section could be improved by explaining how the
data will be analysed. It would



have been better if a proposed system architecture
and more justification for
component choices were provided.

4)
Resources /
Planning (11/15 Marks)

Listed the main tools and deliverables. Good

Gantt chart showing when each tasks to be
completed. Ethics form completed. It

would have been better if a brief explanation of how
time and resources are

distributed and Resource section could be made
more concise.

5)
Document
Presentation (10/15 Marks)

The document is well structured

and presented. The narrative flows logically, with
sections transitioning

smoothly from one topic to the next. It would have
been better with consistent

formatting, fonts, and spacing. Proofread to find
minor errors or

inconsistencies. It is better to number subheadings
appropriately
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