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[bookmark: _Toc235431266]Executive Summary
This proposal presents the design and build of a low-cost workshop air quality monitor. The device will measure particulate matter, temperature, relative humidity, volatile organic compound (VOC) activity and nitrogen oxide (NOx) activity. Live readings will be shown on an OLED, while green, amber and red indicators and an audible buzzer will communicate changes without requiring the user to interpret every number.
A Sensirion SEN55 will connect to an ESP32 microcontroller through I2C. The ESP32 will process measurements, apply averaging, persistence and hysteresis, and control the interface. The device is deliberately defined as an awareness and education tool rather than a certified occupational-hygiene instrument. This limitation is central as sensor performance depends on calibration, environmental conditions and deployment context, as evaluated in Section 1.
The project requires a minimum of 43 working days and a proposed budget of £95. It covers planning, design, procurement, build, testing and evaluation, with the mandatory PREVENT and Equality, Diversity and Inclusion certificated appended to the final submission.
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1. Background and Literature Review
Workshop air can be affected by dust, machinery, cleaning products, solvents, adhesives and inadequate ventilation. The World Health Organisation (WHO) publishes health based ambient guideline values for PM2.5 and PM10 [1]. The Health and Safety Executive (HSE) requires adequate workplace ventilation [2], while workplace limits are concentrations averaged over specified periods [3]. Ambient guidelines, occupational limits and prototype alarm thresholds are therefore not equivalent.
The evidence base follows a clear hierarchy. Government sources provide legal and workplace context; manufacturer datasheets provide component specifications; recent peer reviewed research evaluates low-cost sensing; and professional standards support quality and ethics. Hayward et al. identify humidity, temperature, cross sensitivity and inconsistent calibrations as barriers to compatibility [4]. Sá et al. found inconsistent performance among commercial low-cost monitors across school environments [5]. Dong et al. report that calibration can improve performance, but device-specific bias remains important [6]. The prototype therefore will be tested in its intended enclosure and limitations shall be reported.


[bookmark: _Toc235431268]2. Aim, Objectives and Intended Function
The aim is to design, build and evaluate an affordable electronic monitor that provides real time environmental information and clear visual and audible warnings for workshop users.
· Define measurable requirements, limitations and acceptance criteria before procurement.
· Select and justify a sensor, controller, display, alarm method and power arrangement.
· Develop software for measurement, filtering, display, warning control and fault handling.
· Construct a ventilated, portable and serviceable enclosure.
· Test function, stability, repeatability and response to controlled environmental changes.
· Evaluate cost, risk, quality, environmental impact, societal impact and ethical concerns.
· Produce the final evidence, reference list and mandatory training appendices.
During operation the device will initialise the SEN55, identify warm up or communication faults, display valid readings and calculate an overall condition. A warning must persist before the buzzer sounds, and hysteresis will prevent repeated switching near a boundary. A silence control may stop the sound but will not remove the visual warning.
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Three approaches were compared using a weighted five-point matrix: an integrated SEN55, separate sensors and a commercial monitor. The weights reflect the need to produce a functional electronic design within the available budget and time. 
Table 1. Weighted design decision matrix; component options are scored from 1 (weak) to 5 (strong).
	Criterion
	Weight %
	SEN55
	Separate sensors
	Commercial monitor

	Measurement coverage
	25
	5
	5
	4

	Integration complexity
	20
	5
	2
	5

	Initial sensing cost
	20
	5
	2
	2

	Technical transparency
	15
	4
	5
	2

	Development risk
	10
	5
	2
	5

	Future expandability
	10
	4
	5
	1

	Weighted total
	100
	95
	70
	66



The SEN55 combines all eight required outputs in one fan assisted module [7]. An SPS30, SGP41 and SHT40 would provide similar coverage but require more interfaces and software drivers [8], [9], [10]. Their current core cost is approximately £41.60 including VAT before breakout boards and connectors, compared with £26.44 for the SEN55 [11], [12], [13], [14]. Although separate sensors are replaceable and the SHT40 has better stated humidity accuracy (±1.8% RH versus ±4.5% RH) [7], [10]. The added assembly and integration risk outweighs those benefits here.
[image: ]A commercial monitor reduces build risk but provides little electronic-design evidence, so it will be used only for comparison. The ESP32 provides I2C communication, adequate processing capacity and an optional wireless upgrade path [15]; Wi-Fi remains outside the core scope.
Figure 1. Proposed system architecture.


[bookmark: _Toc235431270]4. Technical Specification
Table 2. Proposed functional and technical specification.
	Requirement
	Proposed specification

	Controller
	ESP32 development board

	Sensor
	Sensirion SEN55

	Measurements
	PM1.0, PM2.5, PM4, PM10, temperature, RH, VOC Index and NOx Index

	Interface
	I2C sensor and OLED communication

	User output
	0.96-inch OLED, three status LEDs and audible buzzer

	Update target
	Displayed values approximately every 2 seconds

	Signal processing
	Rolling average, persistence delay, hysteresis and fault indication

	Power
	Regulated 5 V USB supply

	Enclosure
	Portable, ventilated, serviceable and arranged to reduce self-heating

	Verification
	At least 24 hours without an unrecovered fault

	Budget
	Target no more than £100; proposed £95

	Limitation
	Not certified for occupational exposure or life-safety use



The SEN55 offers a one second sampling interval and a specified particulate range of 0-1,000 µg/m³ [7]. VOC and Nox outputs are relative indices, not concentrations of named chemicals. The enclosure must keep the inlet and outlet unobstructed and limit recirculation and heat transfer. Sensirion recommends separate evaluation, mechanical integration, electrical integration and tuning stages, supporting an iterative enclosure process [16].
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WHO guidelines and the UK Daily Air Quality Index (DAQI) use defined averaging periods; particulate matter DAQI bands use a daily mean or latest 14-hour running mean[17]. A short sensor reading cannot therefore prove compliance. Final thresholds will be frozen after baseline and comparison testing.
Table 3. Proposed method for establishing warnings without presenting them as legal limits
	Signal
	Interpretation
	Development approach
	Key limitation

	PM2.5 / PM10
	Raw value, 15-minute mean and local baseline
	WHO/DAQI are context only; bands follow baseline testing
	Affected by aerosol type and humidity

	VOC Index
	Adaptive 24-hour baseline mapped to 100
	Manufacturer example of >150 used only to test warning logic [18]
	Relative response; no chemical identification

	NOx Index
	Adaptive baseline mapped to 1
	Manufacturer example of >20 used only to test warning logic [19]
	Relative response; not NO2 concentration

	Temperature / RH
	Supporting environmental information
	Display only; optional comfort limits
	Affected by enclosure heat and airflow
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Durations are elapsed working days for one student and were estimated by decomposing each deliverable into practical activities. Procurement allows seven days for normal delivery and one opportunity to source a substitute. Software receives eight days because sensor, display, warning and fault handling modules can be developed in parallel with procurement. Testing receives six days to include a 24-hour soak test, analysis and at least one corrective retest.
Table 4. Work breakdown structure, dependencies and durations.
	ID
	Task
	Activities / events
	Dependency
	Days

	A
	Research
	Review guidance, literature, products and constraints
	None
	4

	B
	Requirements
	Define functions, thresholds method, limits and acceptance tests
	A
	3

	C
	Architecture
	Evaluate alternatives and freeze the component strategy
	B
	4

	D
	Procurement
	Order and inspect components, enclosure and consumables
	C
	7

	E
	Detailed design
	Wiring, pin allocation, software structure and enclosure plan
	C
	5

	F
	Software
	Sensor, display, averaging, alarms and diagnostics
	C
	8

	G
	Assembly
	Assemble, inspect and verify supplies and outputs
	D, E
	5

	H
	Integration
	Combine hardware and software; resolve interface faults
	F, G
	4

	I
	Enclosure
	Fit components and verify airflow and serviceability
	G
	3

	J
	Testing
	Functional, response, comparison, soak and retest activities
	H, I
	6

	K
	Evaluation
	Analyze results, risk, quality, impacts and benefits
	J
	4

	L
	Submission
	Complete report, references, evidence and certificates
	K
	6
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6.1 Gantt Chart
Table 5. Indicative nine-week Gantt chart
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The forward and backward passes produce a minimum duration of 43 working days. The critical path is A-B-C-D-G-H-J-K-L. These tasks have zero float, so a delay to procurement, assembly, integration or testing moves the finish date unless time is recovered. Detailed design has two days of float, software four days and enclosure work one day. Float will be treated as contingency rather than an invitation to delay work.
Table 6. Critical path calculations in working days.
	ID
	Dur.
	ES
	EF
	LS
	LF
	Float

	A
	4
	0
	4
	0
	4
	0

	B
	3
	4
	7
	4
	7
	0

	C
	4
	7
	11
	7
	11
	0

	D
	7
	11
	18
	11
	18
	0

	E
	5
	11
	16
	13
	18
	2

	F
	8
	11
	19
	15
	23
	4

	G
	5
	18
	23
	18
	23
	0

	H
	4
	23
	27
	23
	27
	0

	I
	3
	23
	26
	24
	27
	1

	J
	6
	27
	33
	27
	33
	0

	K
	4
	33
	37
	33
	37
	0

	L
	6
	37
	43
	37
	43
	0
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Figure 2. Project dependency network and critical path.
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Table 7. Milestones and objective completion evidence
	Milestone
	Event
	Deliverable / evidence

	M1
	Requirements approved
	Specification, warning method and acceptance criteria frozen

	M2
	Design review passed
	Architecture, wiring and procurement list accepted

	M3
	Core hardware available
	Essential parts received and inspected

	M4
	Sensor communication achieved
	Valid SEN55 values and error handling demonstrated

	M5
	Integrated prototype operational
	OLED, LEDs and buzzer respond to test inputs

	M6
	Verification completed
	24-hour test, defects, corrective action and retest recorded

	M7
	Submission ready
	Proposal, references and both certificates checked



Final deliverables include the prototype, specification, diagrams, source code, enclosure, test plan and results, risk register, quality records, cost benefit analysis, impact and ethical evaluation, proposal and training certificates.


[bookmark: _Toc235431276]9. Cost Benefit Analysis
Prices are indicative of UK single unit costs including value added tax (VAT0 where confirmed. Secondary materials remain allowances until quotations are obtained. Current distributor evidence supports the three largest purchases [11], [21], [22].
Table 9. Provisional prototype budget
	Item
	Estimated cost (£)

	SEN55 sensor [11]
	26.44

	ESP32 development board [21]
	9.10

	SEN5x cable set [22]
	8.47

	OLED display allowance
	7.00

	LEDs, resistors and buzzer
	5.00

	Prototyping materials and wiring
	7.00

	Enclosure and fixings
	9.00

	USB supply and cable
	6.00

	Consumables
	3.00

	Subtotal
	81.01

	Contingency, approximately 15%
	12.15

	Funding request, rounded
	95.00



Table 10. Cost benefit analysis of project activities
	Task group
	Resource cost
	Expected benefit

	Research and requirements
	20 h
	Defines success and prevents unsuitable purchases

	Design and procurement
	20 h + £95
	Creates the architecture and secures resources

	Build and integration
	45 h
	Produces the device and practical competence

	Testing and correction
	30 h
	Finds faults and reduces false confidence

	Evaluation and report
	20 h
	Communicates decisions and limitations



Labour is shown as time as a notional wage would distort academic work. Benefits are a verified prototype, practical competence and a reusable platform, not guaranteed health or financial savings. Testing and honest limitation reporting are essential to the value claimed.
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Electronic manufacture consumes energy and uses metals, plastics and semiconductors. The design reduces avoidable impact through USB power, a screwed serviceable enclosure and reuse of development modules. Failed parts will use an appropriate electronic waste or WEEE collection route, consistent with separate treatment, recovery and recycling requirement [23]. These measures do not remove upstream supply chain impacts.
Societally, the device may make environmental changes visibly and encourage investigation of ventilation or pollutant producing activities. Negative effects include anxiety, nuisance alarms, unfair comparison between work areas and false reassurance from a green indicator. The interface will avoid the absolute word of SAFE and the documentation will explain that the status represents prototype logic rather than proof of legal compliance.
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The Engineering Council and Royal Academy of Engineering set out five principles: honesty and integrity; responsibility to society; accuracy and rigour; leadership and communication; and responsibility for the future of technology, society and environment [24]. The project will retain failed results, state uncertainty and not present VOC or Nox indices as substance specific concentrations. A permanent label will state: “Awareness device only”
Regulation 7 of COSHH requires exposure to substances hazardous to health to be prevented or, where is not reasonably practicable, adequately controlled [25]. A favourable prototype status must therefore never justify continuing a hazardous process; risk assessment, engineering controls, local exhaust ventilation and competent exposure monitoring remain primary.
Inclusive warning will combine colour, LED position, text, numbers and sound. Silencing the buzzer will not remove the visual warning, and the display and instructions will use high contrast and plain language. Future logging would require defined purpose, access and retention as time series data may reveal occupancy or work activity.


[bookmark: _Toc235431279]12. Testing and Evaluation
Testing will progress from electrical checks to software modules, integrated functions and environmental response. Supply voltage, polarity, I2C communication, LED and buzzer operation will be checked before full assembly. Software tests will verify invalid data handling, averaging, persistence, hysteresis, display formatting and recovery after a simulated communication fault.
Environmental tests will use controlled, low risk changes such as ventilation, a small non-hazardous particulate event and comparison with another available instrument. Conditions, time, warm up state and enclosure configuration will be recorded. Acceptance requires all intended values to display, correct warning transitions, no unrecovered failure during a 24-hour run, unobstructed airflow and completion within £100. The evaluation will compare results with the specification, explain deviations and recommend changes for a second iteration.
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The proposed monitor is technically achievable and provides sufficient scope to demonstrate literature selection, design evaluation, project planning, critical path analysis, risk management, quality control, commercial awareness and responsible engineering. The weighted options appraisal supports the SEN55 as it offers the best balance of measurement coverage, cost and integration risk. Approval is recommended for a £95 standalone prototype delivered over a minimum of 43 working days, with wireless features deferred until the core requirements are verified.
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