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[bookmark: _Toc102049048]Abstract
The benefits of reducing energy consumption are endless; it limits the number of carbon emissions in the environment and can slow down global warming. The need to save energy has been accelerated in recent times with comments by the UN chief describing the current state;”a code red for humanity” 
With that being said, the purpose of this project is to research, design and build a motion detection street lighting system to create a more energy efficient operation and to prove that it does in fact save energy in comparison to the current street lighting method in which the lamps stay on throughout the night until it gets light. The overall objectives and methods used in achieving this aim can be seen below which are included in the report:
Included in report
· Research into street lighting methods
· Research into motion detection lighting
· Design requirements
· Research into sensor selection
· Simulation and real-life build
· Cost list
· Analysis and evaluation
Software packages used to complete project
· Proteus
· CCS Software
· Microsoft Word
· Microsoft Excel

The major findings of this report coincided with the hypothesis and a conclusion was made that motion detection street lighting does in fact save energy. The reader of this report is encouraged to practise further research in the subject with the following recommendations being made:
1. Examine the effectiveness of solar powered street lights to further improve energy efficiency.
2. Seek to extend the research beyond numbers and to gain a better understanding of how these systems would impact people, particularly ones living nearby.
3. Examine the impact on the dependent variable by extending the experiment to different environments, different sensor technology and different weather conditions.
4. Look to find the optimal LED brightness for road safety and energy beneficiary. 
5. Conduct surveys, interviews of people that live directly by street lights of various operating methods to add a different perspective. 
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[bookmark: _Toc102049050]Chapter 1 - Introduction
The focus of this project is to come up with a solution to save energy, which is a crisis that has never raised more concerns than it is at present times. There are a number of reasons why it is important to save energy. First of all, reducing energy use limits the number of carbon emission in the environment. Carbon emissions play a significant role in climate change and are thought to be the reason behind a lot of the natural disasters in recent years. With billions of harmful emissions in the atmosphere, cutting back can only be good. (The SOE Team, 2016)
Combating climate change is the main reason why this project is looking to save energy, however as stated, saving energy is also important as it enhances the quality of life. Reducing emissions result in cleaner air quality and the build-up of pollutants. This lowers the risk of certain health problems, including asthma and headaches.  Energy conservation will also save on money. 
This report will be specifically looking at street lighting and provide an alternative way in which they usually operate in order to save energy. The current operation of street lighting is one most are familiar with, in which they will turn on once the ambient light level decreases and remain on all night until the sun comes out. Considering people are told to turn off the lights if they are not using them at home, this system seems very hypocritical in the fact that the majority of the time in the night, there is no one around to make use of the street lighting.  
The solution to this is ‘motion detection street lighting’. This kind of technology will cause the lights to switch on only when there are people or vehicles present to make use of it. The rest of the time they will be off or in an energy saving mode (dimmed).
With the two methods now clearly identified, the overall research question to be answered is, “Does motion detection street lighting save energy?”. To answer this question, the following chapters will be looking at work already done in this field in order to gather as much information and apply where necessary. Information on the different methods that have been used and their energy savings is obtained by the research and can be found in the literature review. The contents of this report will also explain the methods used in the research process and include experimental work on a prototype build to back up the research and assist in answering the research question at hand. Before delving into all this, it was important to lay out the aims and objectives in a clear manner; this can be seen in the following “planning” section.
[bookmark: _Toc38807170][bookmark: _Ref101977303][bookmark: _Toc102049051]Planning
To carry out a successful project, an element of planning needs to be considered. This section shows the planning for the project in order to complete within the required timeframe, defining the key objectives set out to achieve the goals.
[bookmark: _Toc102049052]SMART Aims
The table below uses the SMART technique which is a well-known project management criterion to guide in the setting of goals and objectives.
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[bookmark: _Toc102048231]Table 1 - SMART aims and goals
[bookmark: _Toc102049053]Objectives
[bookmark: _Toc102049054]Project breakdown
Table 2 shows the project objectives based on the second Gantt chart which was revised at the midpoint during the interim viva.
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[bookmark: _Toc102048232]Table 2 - Project objectives
[bookmark: _Toc102049055]Gantt chart
[bookmark: _Toc102049056]Proposed Gantt chart
The Gantt chart below was produced as a proposal before any work had taken place.
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[bookmark: _Toc102048233]Table 3 - Initial Gantt chart
[bookmark: _Toc102049057]Revised Gantt chart
Table 4 shows the revised Gantt chart, this was updated on week 15, during the third week of January.
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[bookmark: _Toc102048234]Table 4 - Revised Gantt chart
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[bookmark: _Toc102049059]Street lighting in the UK
Street lights switch on when the ambient light falls to a certain level, usually 35 lux. This is usually around 11 hours per day which amounts to 4,100 hours in a year.
Saving energy in regards to street lighting is already something that has been on the minds of people for quite some time. In 2020 a street lighting survey was conducted which included a detailed analysis of the UK’s street lighting since 2010. The report provides an accurate picture of the UK’s street lights in terms of how they are operated and controlled, their electricity consumption and the efforts being made to reduce the carbon footprint. The massive emission reductions that still need to be made are highlighted in the report.
There are an estimated 7,190,166 street lights across the UK with LEDs making up 3,968,664 of those which is 55%, so it shows there has already been a massive effort to reduce energy, however that means there are still over 3 million lights not using LEDs. So, there are still huge gaps there that can be improved. The remaining lanterns used can be seen in the summarisation table below, it is notable that there are still a high percentage of lamps which have either been banned or will soon be banned under legislation or are no longer being manufactured.
	
	
LEDs
	High pressure sodium
	Low pressure sodium
	Low pressure mercury
	High pressure mercury
	Cosmopolis
	HID
	Incandescent

	UK Street Lights
	3,968,664
	1,274,497
	548,087
	446,747
	119,700
	512,091
	316,641
	3,739


[bookmark: _Toc102048235]Table 5 - UK Street lights

Figure 1 - UK street lights graph
[bookmark: _Toc102049060]Part night and dimming
British standard BS5489 for road lighting allows the light levels to be lowered during periods of low traffic, such as the early hours of the morning for example. This legislation accompanied with the fact that most new LED lanterns are supplied with programmable dimming capabilities provides a great opportunity for local authorities to optimize their light levels and save energy. 
Although it was not possible to collect information on how every streetlight is operated in the UK due to research constraints and the way Central management Systems process operational information for electricity settlement, it is estimated that 1.95m operate either with a part night dimming system or are switched off for a portion of the night. (Group, 2020)
[bookmark: _Toc102049061]What has already been done to reduce energy?
As previously stated, there have already been efforts to reduce energy, specifically with street lighting around the world. Here are some examples and the methods used.
[bookmark: _Ref101960375][bookmark: _Toc102049062]Norway, oslo
The first example of efforts being made to reduce energy is in Norway, auto-dimming street lights have been installed in hopes of reducing its carbon footprint. They are using intelligent LED lights, which become fully lit only when a vehicle is nearby. The new lights will then lower their intensity when there are no vehicles nearby. 210 radar sensors have been installed at each street light that picks up on movement which makes the lights switch on when a vehicle is approaching. One of the roads where this new lighting system is in operation is a 5km stretch on a highway near hole, outside of Oslo. There are hundreds of radar sensors which detect cars, bicycles and pedestrians. When they detect the presence of something, or someone on the road, the lights increase to 100% brightness, from 20% in their energy saving mode.
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[bookmark: _Toc102001777]Figure 2 - Motion lighting in Norway
Savings have been worked out to be 2,100 kWH per week, which can be compared to approximately 21 hours of ironing, or four hours of watching TV on a plasma screen. However, there were concerns raised over the road safety issued due to the lower average level of light. The government advised people to lower their speeds and allow plenty of journey time to avoid rushing. (Mclaughlin, 2018)
[bookmark: _Toc102049063]Netherland, Delft University
In the Netherlands a student at Delft University of technology came up with an idea to save energy with intelligent street lighting. The students’ method consists of LED lighting, motion sensors and wireless communication. In this system, all surrounding street lights light up if anyone approaches and the lights never go out completely; they are dimmed to approximately 20% of the standard power. Passers-by move in a safe circle of light, which is a smart detail, especially as road safety was a concern with Norway's street lighting design. An added bonus is the fact that the lights automatically communicate any failures to the control room.
According to science daily, the Netherlands spends more than 300 million Euros a year on electricity for street lighting, not only that but they also emit over 1.6 million tons of CO2every year. This is as a result of the lights being on constantly throughout the night at full power regardless if anyone is around. In comparison, the new intelligent street lighting system that is discussed can reduce energy and CO2 emission by up to 80%, it’s cheaper to maintain and can also help solve the problem of light pollution. Again, there were concerns raised, such as swaying branches or passing cats causing the lights to switch on, this is definitely a factor that needs to be avoided as it will cause more unwanted energy consumption. This was the purpose of the pilot, to thoroughly test and fine-tune the system to eradicate any discrepancies. (Delft University of Technology, 2011)
This system was designed by a student at the university called Chintan Shah and was brought to life as it was the prize of a Campus Energy Challenge completion. Since then, Shah has his own company (TVILIGHT) that specialize in smart street lighting. The innovation of this technology has really taken off since Shah won the competition and ran the pilot scheme as a student in 2011. Tvilight has managed over 800 projects in 20 different countries, one of which in the port of Moerdijk in southern Holland where it installed 1100 new LED street lights with motion sensors across 2600 hectares of land in a bit to slash energy consumption and maintenance costs. Moerdijk is the fourth largest port in Holland. According to Tvilight, the new system will save up to 80% on the electricity bill compared to the previously fitted fluorescent lights, which do not benefit from smart controls. Furthermore, the smart lights will save as much as 50% on maintenance costs; this in turn saves energy which is a key stage in the port’s aim to become “energy neutral” by 2030. (Stone, 2017) (Halper, 2017)
[bookmark: _Toc102049064]Wales, Caerphilly 
Finally, there has also been plans and projects carried out in Caerphilly to reduce the energy consumption on street lighting. No motion sensor technology was used for this system however, the council completed a programme to convert all the county borough’s street lights to LED and implement a part night lighting system. The lights will switch off at midnight and come back on at 5:30am in an attempt to only provide light during the hours where people are most likely to be out and about. The programme commenced at the beginning of April 2019 to all lighting, except at junctions and in major town centres. The new system will save the borough a massive £940,000 a year and more importantly, 6,884,447KWh.
Although this system is great as it saves a vast amount of energy and the design is simpler compared to the motion sensor lighting being discussed, concerns were raised regarding crime and road safety. Although the council claimed there were no indication the lack of lighting had an impact on this, hundreds of people still complained and signed petitions to put a stop to it. 
[bookmark: _Toc102049065]Motion Detection Lighting Systems on the market
ISL0330
[image: ]
Figure 3 - ISL0330
The ISL0330 is an all in one solar powered LED 30W street light. It is a smart design consisting of a solar panelled power generation system and LED light source merged into one fitting in order to be as efficient as possible while also producing maximum light output. The unit is also fitted with an infra-red sensor which enables the light source to activate and become fully lit when someone approaches, otherwise it will run at 30% power, further increasing the efficiency of this light. It is designed for quick and easy installation with no wiring necessary and is powered by a replaceable Li-on 3.7V 39000mAh battery. (NovelEnergyLighting, 2022)
40W LED SOLAR STREETLIGHT with Smart PIR Sensor
[image: ]
[bookmark: _Toc102001779]Figure 4 - 40W LED SOLAR STREETLIGHT
This product by Smart Lighting Industries is a 40W LED solar streetlight which detects motion with its PIR Sensor. The featured solar panel offers efficient photovoltaic conversion and a 9.6V.12000mAh battery. Additionally, there are a number of installation methods, such as a curved pole, straight pole or wall-mounted installation. Unlike the previous light, this one doesn’t have dimming capabilities. (Smart Lighting, 2022)
Radar Motion Sensor Solar Lights 108 LED Street Light
[image: ]
[bookmark: _Toc102001780]Figure 5 - Radar Motion Sensor Solar Lights
This street light by Dhgate differs slightly from the previous two as its motion sensing capabilities is done by a radar sensor instead of PIR. It’s also equipped with solar panels and an LED light for efficiency, additionally the motion sensor will allow the light to dim when there is no one around to make use of it. This product is also powered by replaceable Li-on phosphate 6.4V 66000mAh battery. (DHgate, 2022)
Solar Street Light with Motion Sensor from windandsolar.com
[image: ]
[bookmark: _Toc102001781]Figure 6 - Solar Street Light with Motion Sensor
Windandsolar.com also offer motion sensor lighting with solar and LED features. The PIR Sensor has a detection range of 8-10 meters to activate the light from 30% to 100% when there is someone nearby. The photocell will charge the internal batteries during daylight hours to provide light during the night. (Missouri wind and solar, 2022)
[bookmark: _Toc102049066]Motion detection lighting systems comparison
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[bookmark: _Toc102048236]Table 6 - Motion Detection lighting systems comparison
Here is a comparison table of the specifications from the previously discussed motion sensor street lighting products that are currently on the market. One thing consistent with what’s on the market, especially the ones presented here is the addition of a solar panel. While this is another great source to enhance efficiency and save energy, it’s worth remembering that the ones found on the market are generally used domestically for smaller scale projects. Large projects such as supplying lighting for streets in villages and towns, may not benefit from the photocell sensors, especially here in the UK where the daylight hours may be low. Although the 15W Radar Motion Sensor Solar Lights from DHgate do not specify its working temperature, it’s clear it offers more than the other three. For example, it’s dimmable, cheap, lower power supply and what makes it stand out is its motion detection technology which is the radar sensor. There are a number of benefits to radar type sensors over PIR such as its detection range, speed of detection and the ability to detect movement through objects, something that the PIR sensor cannot do; this also makes it better for detecting in adverse weather conditions such as fog. However, despite the fact it offers a very energy efficient design and has more benefits than the others, it also has the smallest battery which could lead to more maintenance in the long term. Therefore, it’s important to take into consideration all of these factors and consider what is required to design the perfect energy efficient but also practical lighting system.























[bookmark: _Toc102049067]Chapter 3 - Research and development methodology
As previously stated the research problem of this report is that there is a lot of energy being wasted with the current operating system of street lighting across the UK. The lamps (street lighting) are mainly operated by an LDR sensor which is light sensitive. So, when the daylight drops to a specified level, the LDR sensor activates thus switching the lamps on, in which they remain on all night long until the daylight levels increase in the morning. The proposed solution to this is motion sensor street lighting, this will prevent the lamps from being on constantly throughout the night as they can remain off or at a dimmed level in stand-by mode and only become active and at full intensity when the motion sensor is activated by passing vehicles and/or pedestrians, resulting in a much more efficient system.
As it is indicated in the title, this chapter includes the research and development methodology of the project. This part outlines the stages in developing an effective methodology in order to provide research with maximum credibility. To illustrate this point, Saunders’ research onion can be seen below which identifies the key stages of this process.
(Usman, 2021)[image: C:\Users\Huntj\AppData\Local\Temp\MicrosoftEdgeDownloads\e97a0637-3749-4479-b26c-ba2417ee2a01\4270998.fig.001.png]
[bookmark: _Toc102001783]Figure 7 - Research Onion
The research onion is made up of 6 layers, with each one needed to be peeled back one at a time to develop the research methodology. The six layers are:
1. Research philosophy
2. Research approach
3. Research strategy
4. Choices
5. Time horizon
6. Techniques & procedures

[bookmark: _Toc102049068]Research Philosophy
The first layer and foundation of any study is the research philosophy, it is the set of the beliefs the research is built upon. It is usually studied in terms of ontology and epistemology. In simple terms ontology is the “what” and “how” of what is known, in other words it is the nature of reality and what can really be known and understood. Epistemology, on the other hand is “how” the information can be obtained and understood. ((PhD), 2021)
The three main research philosophies that operate on different ontology and epistemology assumptions are:
· Positivism
· Interpretivism
· Pragmatism
Positivism is associated with the scientific method, where numbers and facts play a major part in the research. If something can’t be seen as true or false then it is seen as irrelevant. Interpretivism research is the other side of the spectrum, where facts and figures are less important and the opinions and experiences are more important. On the other hand, many don’t feel like they should choose and become restricted between the two types of methods. This is where Pragmatism research comes in, allowing the use of both techniques in order to gain more from the research. Which is the research philosophy of this project as facts and figures are an integral part to answering the research question in regards to the potential energy savings that can be made from motion sensor activated street lights. However, there are other factors that must be considered as the functionality of street lighting is there purely for people. So, opinions and the results from other street lighting methods from around the world do need to be taken into account. (Stainton, 2022)
[bookmark: _Toc102049069]Research approach
The next layer of the onion is the research approach. This is the broader method used to conduct the research, there are two types which are:
· Inductive
· Deductive
The type of approach depends on the research which is necessary for the study. An Inductive approach is when the theory is derived from the research. Whereas a deductive approach, starts with a theory and the aim is to build on it with research and/or testing. These are linked to other terms that may sound familiar which are qualitative and quantitative. Inductive approaches are usually used within qualitative research, while quantitative research tends to reflect a deductive approach.
The approach chosen for this project is Deductive, as the project begins with a theory and the aim is to build on it with research. The subject has also been studied by others therefore ideas can be taken from previous data and hypothesis, which can then be tested here.
[bookmark: _Toc102049070]Research strategy
The third layer looks at how the research can be conducted based on the aims of the study. There are several approaches to choose from, such as:
· Experimental research
· Action research
· Case study research
· Grounded theory
· Ethnography
· Arichival research
The researcher employed an experimental approach. Although the opinions of people involved in past studies on this subject are considered, which led to a pragmatism philosophy. The research question at hand is predominantly based on numbers in terms of the energy that can be saved on street lighting, which falls in line with the experimental approach as this strategy follows the principles of the scientific method and is conducted within a controlled environment or setting. It also aims to test existing theories rather than create new ones. ((PhD), 2021)
[bookmark: _Toc102049071]Choices
The next layer of the research onion is called choices, this stage is simply about deciding how many data types (qualitative or quantitative) will be used in the research. Qualitative is more concerned with human behaviour in which the data is collected through participant observation and interviews. Quantitative is more concerned with discovering the facts in which the data is more likely to be collected through measurements. There are three options to choose form which are: 
· Mono
· Mixed
· Multi-Method
The research conducted makes use of both qualitative and quantitative data, therefore the mixed-method approach was taken.
[bookmark: _Toc102049072]Time Horizon
This layer simply describes how many points in time the data is being collected. Whether it’s qualitative, quantitative or a mix of both is irrelevant at this layer as the focus is on the time of collection, not the data type. There are two types, depending on if the data is to be collected over multiple points in time or just one snapshot in time. They are:
· Cross-sectional
· Longitudinal
Longitudinal time horizon was the option used as research collected was over multiple points in time to gain a better understanding of the amount of energy that is used over time as opposed to one point in time.
[bookmark: _Toc102049073]Techniques & procedures
Finally, the centre of the onion consists of techniques and procedures. This is where the choices are made on the practicalities of the research. Decisions are made on factors such as:
· What data is collected and the data collection methods
· Sampling strategies 
· Type of data analysis used to answer the research question
· Set up the materials that will be used for the study
Each decision made throughout the layers of the research onion influences the way the techniques and procedures are handled. The research question asked makes this being an experimental-based project. Therefore, the data collection methods were scientific and based on numbers, to simply identify the energy consumption savings made using motion sensor lights. To do this I measured the power output of both operating systems using a multimeter and an oscilloscope to also measure the wave signals to determine the effect of altering the independent variable which in this case was the LED brightness. 
The table below provides a summary of the researchers choices for each layer of the onion with the advantages and disadvantages.
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[bookmark: _Toc102048237]Table 7 - Research onion summary

















[bookmark: _Toc102049074]Chapter 4 - Design and Implementation 
[bookmark: _Toc102049075]Design Research
To back up the research and data collection in to whether motion detection street lighting saves energy, a proof of concept prototype was designed in order to generate independent results. The proposed alternative method can be constructed in many ways and with the advancements of technology, there are huge amounts of components to choose from which meant there were some design decisions to make along the way.
This chapter aims to show why some decisions were made over others, justifying the selected methods and explaining how the design decisions contributed to meeting the project objectives. 
There are three factors that need to be considered to implement an effective motion sensor street lighting system; Light sensors so the lamps only come on in the night, motion sensors so the lamps become active when there are people to make use of them and of course LED lamps with dimming capability to generate efficient lighting.
[bookmark: _Toc102049076]Sensor Selections
In order to implement the mechanism to construct an effective motion sensor street lighting system, with the three factors stated above in mind. A variety of different sensors will be needed. Here are the selection of sensors used with comparisons and justifications for its use.  ALL sensors chosen have been highlighted yellow and chosen based on their specifications and advantages/disadvantages displayed in the below tables.
[bookmark: _Toc102049077]Light Sensors
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[bookmark: _Toc102048238]Table 8 - Light sensor comparison
One of the factors mentioned was the ability to control the street lights so they only come on depending on the light level outside. This is done using a light sensor, above are the different types of light sensors that are available. LDR was the chosen type as it is cheap, requires low power and has been the preferred type on street lights for many years, working as they should. The only disadvantages are its sensitivity to light and slow response times in comparison to the other two. However, this is not an issue for the circumstances as its sensitivity and response curve matches that of the human eye, making it the perfect option to decide whether it’s time to switch the lights on.
[bookmark: _Toc102049078]LDR Sensors
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[bookmark: _Toc102048239]Table 9 - LDR Comparison
There are also different manufacturers of LDR sensors with varying specifications, meaning a decision had to be made on the type of LDR to use. The table above shows the specifications making it easy to compare and select. The chosen one for this design was the Luna Optoelectronics, 100 V through Hole LDR (Light Dependent Resistor), mainly due to the low cost, as there isn’t much difference from its counter partners and the disadvantages raised are really not an issue for the circumstances, as previously touched on.
[bookmark: _Toc102049079]Motion Sensors
	TYPE
	Passive Infrared (PIR)
	Dual tech/hybrid
	Photoelectric (reflective)
	Radar

	IMAGE
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	DESCRIPTION
	IRA-S230ST01
	SIEMENS MATCHTEC IRM270CTUK
	Retro-reflective sensor ifm electronic O6P303 - O6P-FPKG/AS/4P
	Q130R

	INFORMATION
	Senses the change in temperature between the background and a warm body
	Combination of both PIR and Microwave
	An infrared light is emitted which detects an object as the light is reflected back to its receiver
	Transforms microwave echo signals into electrical signals. They use wireless sensing technology to detect motion

	WEBLINK
	https://uk.farnell.com/murata/ira-s230st01/pyroelectric-infrared-sensor-2vdc/dp/2707748?gclid=EAIaIQobChMIluG5wZq09AIVTOvtCh3ZXgbpEAQYASABEgKDFPD_BwE&mckv=sL7lWpWy1_dc|pcrid|459820056361|plid||kword||match||slid||product|2707748|pgrid|104445617461|ptaid|pla-300400205750|&CMP=KNC-GUK-SHOPPING-SMEC-Whoops-Newvisitors-Test775&gross_price=true
	https://www.buythis.co.uk/product/4439/siemens-matchtec-irm270ctuk-18m-wide-angle-dual-technology-pirmicrowave-detector
	https://www.automation24.co.uk/retro-reflective-sensor-ifm-electronic-o6p303-o6p-fpkg-as-4p?previewPriceListId=1&refID=adwords_shopping_UK&gclid=EAIaIQobChMIgcf2s9vA9AIVWertCh3j4QWtEAQYAiABEgJisfD_BwE
	https://www.bannerengineering.com/us/en/products/sensors/radar-sensors/q130-series.html?pageNum=1&sort=4#all

	SUPPLY VOLTAGE
	2V to 15V
	9 - 15VDC
	10 - 30V
	12 - 30Vdc

	Output Type
	Digital
	Digital
	PNP
	Single discrete

	Operating Temp Range
	-40℃ to 70℃
	-10℃ to 55℃
	-25℃ to 80℃
	-20℃ to 65℃

	Detection Range
	10m (average)
	16m x 22m
	0.05-5m
	24 or 40 M

	Connection type
	N/A
	N/A
	M8 connector (4pin)
	Integral 5-pin M12/Euro-style quick disconnect

	Field of angle
	45°
	N/A
	N/A
	90° x 76° or
24° x 50°

	Dimensions
	18.2x8.2mm
	9.8 x 5.7 x 4.35 cm
	13X35mm
	70.5 x 50 x 90.8mm

	IP Rating
	More research required
	N/A
	IP67
	IP67

	Cost
	£3.40
	£30.54
	£92.56
	£785.77

	POSITIVES
	* Cheap
* Small
* Low Power
* Easy to use
	*False detections very rare
	* Easy to use 
* Small
	* Weather doesn't impact it
* Good detection range
*Reliable
Robust
* Can detect through objects

	NEGATIVES
	* Cover less are than other types
*Can’t detect through objects
	* Expensive
 * Needs both to trip for it to work
	* Poor detecting range
* Expensive
* Not ideal for project requirement
	* Larger in size
* Expensive


[bookmark: _Toc102048240][bookmark: _Toc102001786]Table 10 - Motion Sensors comparison
Another factor to consider was the mechanism used to operate the lights when a vehicle or pedestrian walks past. This is done using a motion sensor. Again, there are many different types of these kinds of sensors. For the project at hand, choosing the type of sensor was easy. Due to the fact it would be mounted to the lamp post outside and have to endure all sorts of weather conditions to operate all year round, the best sensor and the one selected was the radar sensor. The disadvantages of the other three are detrimental to the objective which can’t really be overcome, and although the example used for the radar sensor above is far more expensive, this was overcome with further research into available radar sensors which can be seen below. The main thing was coming to terms with the fact radar sensors provide the perfect technology for the objective.
[bookmark: _Toc102049080]Radar Sensors
	IMAGE
	
[image: ]
	
[image: ]
	
[image: ]
	
[image: ]
	
[image: ]

	DESCRIPTION
	RCWL-0516
	HW-MS03
	XYC-WB-G1
	WB3-12
	HFS-DC06

	WEBLINK
	https://hobbycomponents.com/sensors/899-rcwl-0516-microwave-radar-motion-detector-#:~:text=detect%20moving%20objects.-,It%20has%20a%20sensitivity%20range%20of%20~7%20meters.,to%20its%20idle%20LOW%20state.&text=3.3V%20output%20is%20for,3.2GHz%2F20%20%2D%2030mW.
	https://temperosystems.com.au/products/hw-ms03-2-4ghz-to-5-8ghz-microwave-radar-sensor/
	https://www.e-gizmo.net/oc/index.php?route=product/product&product_id=1284
	https://store.siqma.com/wb3-12-microwave-sensor-module.html
	https://www.aliexpress.com/i/32960016732.html

	SUPPLY VOLTAGE
	5 Vdc
	5 Vdc
	5 Vdc
	5 Vdc
	3.3 and 5V

	Supply Current
	2.7 mA
	3.2 mA
	2.3mA
	3.9mA
	14 mA / 22.4 mA

	Delay (time sensor stays on after triggering)
	5 sec
	28 sec
	5 sec
	22 sec
	5 sec

	Distance 
	4m
	4m
	4m
	4m
	8m

	Angle 
	360 degrees
	360 degrees
	360 degrees
	360 degrees
	180 degrees

	Additional features 
	None
	None
	None
	None
	Variable time & distance

	Output Type
	Digital
	Digital
	Digital
	Digital
	Digital

	Frequency range
	3.2GHz
	2.5GHz-5.8GHz
	5.8Ghz
	 N/A
	5.8Ghz

	Operating Temp Range
	-20℃ to 80℃
	N/A
	-20℃ to 80℃
	-20℃ to 80℃
	N/A

	Detection Range
	7 meters
	10 meters
	6~9 meters
	5m ~ 8m (default setting 6 meters)
	12m

	Connection type
	4-way Molex connector
	 N/A
	JST 2.0 Connector
	N/A
	N/A

	Dimensions
	36mm x 17mm
	42 × 21 × 3 mm
	32mm x 23mm
	17.5mm x 23mm/ (round plate D25)
	39*22*11mm

	IP Rating
	N/A
	N/A
	N/A
	N/A
	IP20

	Cost
	£1.99
	£4.57
	£2.09
	£0.89
	£3.39

	POSITIVES 
	*Can be mounted in plastic box without any contact to the outside
* More compact
* Totally silent
* No moving parts
*Cheap
	* Good detection range
	* Short delay time
	* Sensitivity and delay can be modified by replacing 2 resistors
	* Greater Distance detection 
* Short delay time

	NEGATIVES
	* Can’t be used in 3.3 v environments
* Detection range less than others
* IP Rating not specified
	* Long delay time
*More expensive
* IP Rating not specified
	* No possibilities to add components
* IP Rating not specified
	* Long delay time
* IP Rating not specified
	* Bigger than others
* More expensive
* Angle range not as wide as others


[bookmark: _Toc102048241][bookmark: _Toc102001787]Table 11 - Radar sensors comparison
In the past, the main issues with radar sensors were the fact that they were quite big and expensive. Upon further investigation the author came across a set of relatively new radar sensors as seen in table 11, that are not only small but are very cheap. The chosen sensor was the RCWL-0516 as it is simple, has good sensitivity and a short delay time, it’s also cheaper in comparison to the others. The only disadvantage is that it can’t be used in 3.3 V environments however the supply voltage is 5V so it’s not an issue. The IP Rating is also not specified but the radar sensor can detect movement through objects such as plastic, so this can actually be a good thing as a durable, robust case can be selected to shield the sensor from adverse weather, without impacting the function of the sensor. 
[bookmark: _Toc102049081]LED
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[bookmark: _Toc102048242]Table 12 - LED Comparison
The final factor discussed of the street lighting system is the LED lamps. LEDs normally carry the same specifications with only small differences being from the colour of the LED that may be used which can be seen in the table above. Modern street lighting emits white light that provides high levels of lumens allowing the perception of more light but using far fewer wattage powers than the previously used orange light. So, with that being said, choosing the type of LED was easy however, since they are essentially a diode, they have a maximum current value that cannot be exceeded for any period of time or damage will occur. Therefore it was important to understand what to look out for when choosing an LED to avoid any potential damage.
[bookmark: _Toc102049082]Resistor selection
To avoid damage, a resistor is required; the type of resistor used varies depending on the colour of the LED. This is because the colour is determined by the materials used which have different voltage characteristics. The forward voltage causes the LED to light. Typically red, green, orange and yellow have a forward voltage of 2V while white and blue have a value of 3.4V.
The idea is to choose a resistor value that will produce the right amount of current flow to the LED, based on the forward voltage value and the power supply of the circuit. The formula used to determine this is ohm’s law, a representation of this can be seen below in figure:
[image: ]
[bookmark: _Toc102001789]Figure 8 - Ohms law triangle

So, the important information to gather to decide what resistor is needed is the power supply to the circuit, forward voltage of LED and the desired current. It’s important to know the supply voltage and forward voltage in order to work out the difference; this is because the resistor needs to “drop” the voltage from the power source down to the forward voltage value of the LED. This could then be implemented in the below formula using ohms law: 

It’s worth noting that if there are more than one LED required and is connected in parallel, then the current desired will be multiplied by the number of LEDs. 
[bookmark: _Toc102049083]Dimming capability using PWM
PWM (Pulse width modulation) is a method used to alter the perceived intensity of an LED, pulsing the power to the LED on and off. This is done at such a fast speed the human eye can’t see the flickering; only the adjustment of the brightness is visible. Furthermore the average amount of deliverable power is reduced. Figure shows a pulse signal with a duty cycle of 40% which is the percentage of an active signal in one period, the reduction of the voltage is visible. 
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[bookmark: _Toc102001790]Figure 9 - PWM Signal
[bookmark: _Toc102049084]Design Requirements 
After gathering all the necessary research required to conduct the experiment, it was then essential to lay the foundations for the design for the proof of concept street lighting structure. This section will outline the requirements of the design in terms of the functionality and materials needed in order to construct the alternative street lighting method to save energy.
The proposed design aims to reduce the carbon footprint of street lighting by integrating LEDs and motion sensor technology. The principle of operation is to control the intensity of the streetlights based on the needs of the road users. The following list presents the requirements of the proposed design to solve the problems that the lighting system currently have:
1. Motion Detection - A motion detection sensor will ensure that the lights only become fully bright when there is motion detected.
2. Light Detection – A Light detection sensor will prevent the lights from operating during the day. 
3. Microcontroller – The microcontroller will act as the brains of the system. It will have the following functions:
a. Process Data: It must process the data received from the sensors. 
b. Control output: This output controls the lighting intensity accordingly to the signals received from the sensors.
c. Communication with other microcontrollers: It must be able to communicate with the lamps around it to activate other lamps to create a safe circle of lighting around the road user.
4. Dimming – This involves adjusting the light levels so that lower light is output when there are no pedestrians around. This is done using PWM, which is also implemented and controlled within the microcontroller.

[bookmark: _Toc102049085]Block Diagram view of the system
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[bookmark: _Toc102001791]Figure 10 - Block diagram of proposed design
The above block diagram represents the modules of the system and the communication between them. The proof of concept design is powered by a 5V supply which is used to power the microchip, Light sensor (LDR) and Motion sensor (Radar).
The Microchip then processes the information it receives from the inputs which are the sensors. Another key aspect to the design is the ability to communicate with the lamps around it, therefore, the microchip also processes the data from the chips that are operating the lamps either side of it.
Finally, the output then controls the intensity of the lamps depending on the data processed from the inputs.
[bookmark: _Toc102049086]Flow Chart view of the system
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[bookmark: _Toc102001792]Figure 11 - Flow chart of proposed design
The figure above represents the systematic workings of the proposed street lighting method. The fundamental aspect of the design is whether it is dark outside. This is controlled using an LDR sensor; when the light level drops below the specified limit, thus increasing the resistance of the LDR, a signal is sent to the microcontroller causing the lamps to operate at 20% regardless of any other factors. Otherwise the lamps will remain off. With the LDR activating the lamps at 20%, the microcontroller will then make decisions based on the inputs from external microcontrollers and the motion sensor. If there is no one around to trigger the motion sensors then the lamp intensity will remain at 20%. However, if the motion detector is triggered on the current lamp then the intensity will increased to 100%. The lamp intensity will also fluctuate by communicating with the microcontrollers used on the lamps either side, if either of these become activated then the current one in question will raise to 80%. This is to avoid the sharp increase from 20% to 100% and to allow a gradual increase instead, for the well being of the people.  
[bookmark: _Toc102049087]Microcontroller selection
[image: ]
[bookmark: _Toc102048243]Table 13 - Specs of microcontroller
Table 13 shows  the specs of the design. There are 6 digital input/output and 1 analogue signals. With the knowledge of this, it was important to select the necessary chip to do the job, using microchip.com.
This website allows you to filter exactly what you require from a microchip making it easy to find the perfect one. Due to the simplicity of this design, the author opted for a simple microchip which was the PIC16F684. A summary of the specs for this particular PIC can be seen below.
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[bookmark: _Toc102001794]Figure 12 - Microchip selection
[bookmark: _Toc102049088]Construction of design
When the requirements and specification of the proposed design were well established, the implementation of it could begin. The construction of the design began in Proteus.
[bookmark: _Toc102049089]Proteus Design
[bookmark: _Toc102049090]Full schematic design
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[bookmark: _Toc102001795]Figure 13 - Full Proteus schematic

[bookmark: _Toc102049091]PIC16F684
[image: ]
[bookmark: _Toc102001796]Figure 14 - PIC in Proteus
Everything on the PIC marked up as RA or RC is a digital input/output signal with analogue signals displayed as AN. With this in mind, the configuration of the PIC in relation to the components was down to the designers’ discretion, providing that the component output type matched the signal capability of the PIN. For example, it was determined that the LDR sensor was an analogue type output therefore it was connected to PIN 13 which supports this type of signal. The radar sensor has a digital output signal so it could be connected to any PIN that is a digital input/output signal, in this case it’s connected to PIN 12, and this was then done for each component. Although it is not shown in Proteus, the PIC has two additional PINs for the VDD (PIN 1) and VSS (PIN 14), which are specified in the datasheet, it also states that the operating voltage range of the PIC is 2.0 to 5.5 V. 
[bookmark: _Toc102049092]LDR Schematic
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[bookmark: _Toc102001797]Figure 15 - LDR Proteus schematic
Here is a simple but effective schematic of an LDR sensor. The LDR is connected to a 5V (VCC) supply and passes through a 10K resistor before connecting to PIN 13 and ground, this is to control the flow of the current and to avoid any damage.
[bookmark: _Toc102049093]Radar Sensor Schematic
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[bookmark: _Toc102001798]Figure 16 - Sensor Proteus schematic
A push button was selected to simulate the radar sensor. The key factor replicated here is the means of sending a digital signal to the PIC when the motion sensor detects movement. This is why a push button was used here, so that the PIC could be configured later on to perform a task based on the digital input received when the button is pressed (movement is detected from the sensor). This is also connected to a 5V supply and uses a 10K resistor before going to PIN 12.
[bookmark: _Toc102049094][image: ]External Signals 
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[bookmark: _Toc102001799]Figure 17 - Proteus external signal schematic
 As previously stated, an important feature to the proposed design is its ability to communicate with the PICs either side. Again, push buttons are used to represent the motion sensors of the previous and next lamp over. The inputs of these signals are connected to PIN 3 & 2 of the PIC to create that line of communication so that it can be determined that movement has been detected from other PICs.
[bookmark: _Toc102049095]LED
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[bookmark: _Toc102001800]Figure 18 - LED Outputs in Proteus
The final section to discuss of the schematic is the output signals. These signals tell the lamps to turn on based on the data processed by the PIC. The LED is connected to PIN 10 and pass through a 250 ohm resistor before grounding. The resistor value was chosen based on the specification of the LED. LEDs output on PIN 9 & 8 are purely there to test the simulation.
[bookmark: _Toc102049096]Microchip development 
[bookmark: _Toc102049097]Source Code
Once the schematic design had been complete, the development of the microchip needed to take place to perform the tasks that were discussed in the requirements. 
The interface of the microchip was written within Proteus under the source code tab. However, before this, a new source code file was created in ‘CCS C Compiler’. A basic and key element of the CCS Compiler is the device specific header files that simplify the task of initializing the microcontroller.
[image: ]
Figure 19 - CCS Compiler setup
The header files are pulled into the design by the include statement, this also tells the compiler to perform device specific optimisation for the 16F684, taking into account hardware details. After this the #device command must follow immediately, this line allows the user to configure and use the analogue to digital converter module. The #use command specifies the oscillator clock frequency, the value specified will be used by the compiler when built in delay functions are called. Line 3 and 4 instructs the compiler to generate code to make an I/O pin either input or output, the pins specified as outputs can be seen in the figure.
After initializing the microcontroller in CCS C Compiler, the interface could then be written within Proteus. The following section will present key elements of the code that were used to perform the tasks discussed in the design requirements of the proposed street lighting method. However, the full source code will be provided with the report.
[bookmark: _Toc102049098]PWM setup
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[bookmark: _Toc102001801]Figure 20 - PWM Source code
In order to control the lamp intensity a simple PWM setup using timer 2 was used. To begin with “pwm_set”, “pwm_count” and “pwm_active” are all declared as variables by the ‘unsigned int’ data type command. This is where the duty cycle, a pwm counter to count from 0 to an “overflow” value in the modulus register and a switch to turn the PWM on/off are specified. So, whenever PWM is switched on by using the “pwm_active=1”, pin_c0 will operate at the desired duty cycle specified with “pwm_set”. To turn off the lamp then the PWM needs to be switched off which can be done by using the “pwm_active=0” command. 

[bookmark: _Toc102049099]LDR interface
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[bookmark: _Toc102001802]Figure 21 - LDR Source code
The instructions for the LDR can be seen above. The flag variable technique has been used here; this is used as a signal in programming to let the program know that a certain condition had been met. The value of 128 is in relation to the resolution of the microcontroller which was set as 8 bits during the initialization; a resolution of 8 bits can represent 256 values. So, if the value of the LDR drops below 128, which is the half way point, then flag=1 will be called in, causing it to operate as the light level is low thus activating PWM at 20% intensity. On the other side of the spectrum, if the value is above the specified threshold, then the flag is set at 0, meaning the light level is high causing the PWM to switch off and halting the activity of the outputs.
[bookmark: _Toc102049100]Radar Sensor interface
The following instructions only come into consideration if the light level drops below the specified threshold and the flag is equal to 1 (flag==1).
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[bookmark: _Toc102001803]Figure 22 - Sensor source code
Here the relationship between the schematic design and the coding is clear. During the design of the schematic the radar sensor was connected to PIN 12 (A1) as seen in figure 16. So, the code above is telling the microcontroller to perform the commands within the curly brackets when there is an input on PIN 12. When there is an input, PWM will switch on the lamp connected to PIN 10 (C0) at 100% as specified during the PWM set up at the beginning of the program. This will remain on for the pre set time (5 seconds) which was also set at the start, allowing plenty of time for the road users to pass through the illuminated light. After this delay, the PWM switches off causing the lamps to revert back to 20% intensity.

[bookmark: _Toc102049101]External Signal Interface
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[bookmark: _Toc102001804]Figure 23 - External signals source code
Finally, the code was written to allow for the communication between microcontrollers. When either PIN_A4 or A5 is true then PWM will switch on causing the lamp in question to increase its intensity to 80% as specified by the “pwm_set=8” command. A delay is called in again to keep it on for a duration of 5 seconds, before switching off. The idea of the 80% intensity is to allow for a gradual increase from 20% to 100%, staying in line with the pragmatism philosophy discussed earlier on and respecting the opinions of people as the sharp increase could cause disturbances for people living nearby. 
[bookmark: _Toc102049102]Simulation Test 
The design of the interface could then be simulated within Proteus to see if it works as intended. 
[bookmark: _Toc102049103]High light level
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[bookmark: _Toc102001805]Figure 24 - Proteus simulation
Figure shows the performance of the system with the LDR detecting high levels of light. In this example the torch is shining directly on the LDR and the push button on the radar sensor is pressed, resulting in no output to the lamps. 
[bookmark: _Toc102049104]Low light level
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When the light level drops the lamp will switch on at 20% intensity as specified in the code. It may be difficult to see but the “Lamp” which is what this microcontroller is controlling is slightly lit. By using the oscilloscope seen below in figure 25, the lamp could be further investigated.
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[bookmark: _Toc102001806]Figure 25 - PWM signal with 20% duty cycle
It’s clear here that the duty cycle is in fact 20% as the pulse is on for 20% of the time, and is off 80% of the time. This can be determined as each division is set at 1ms, between the two cursers there are 10 divisions with pulses occurring twice within this time.
[bookmark: _Toc102049105]Radar sensor activated
[image: ]
The simulation proves that when the radar sensor is activated the lamp becomes fully bright which is much clearer to see this time. It’s worth re iterating that the previous lamp and next lamp are purely displayed for testing purposes, each lamp is controlled by its own microcontroller.
[bookmark: _Toc102049106]External sensors activated
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With all other aspects of the design going to plan so far and meeting the requirements previously set out, the final check was to see if the lamp was affected by the external microcontrollers thus proving effective communication. The above figure shows just this, when an external motion detector is triggered the lamp lights to 80% as specified. This could be accurately determined using the oscilloscope to identify its duty cycle (figure 26).
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[bookmark: _Toc102001807]Figure 26 - PWM signal with 80% duty cycle
Within the 10 divisions between the cursers, the pulse is on for 8 and off for 2 resulting in 80% duty cycle.
After confirming the design works as intended through a series of simulations, the physical proof of concept prototype could be constructed.
[bookmark: _Toc102049107]Prototype Build
[bookmark: _Toc102049108]Materials used and cost
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[bookmark: _Toc102048244]Table 14 - Design build cost
As this is a prototype build the radar sensor which was chosen as the preferred method of detecting motion raised some concerns. Although it would be the best in the real world due to its robust nature, the angle and height in which it can detect motion in is far too big of a scope for this scaled down version. Therefore 4 phototransistors were used on each post to detect the passing infrared LED to illustrate the motion detection mechanism. The principle remains the same.
[bookmark: _Toc102049109]Initial stages
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Figure 27 - Build initial stages
The circuitry of the design was constructed on a breadboard, following the design exactly as it’s presented on the schematic design in Proteus (see figure 13). For this design the bus on the left was used as the positive and the bus on the right as negative. The microcontroller was also inserted a shown above, with PIN 1 top left and PIN 14 top right. With everything replicating the schematic, the only thing missing was the LED which would sit where the loose wire is located on the image above. Once it was tested on one, the inputs from the external microcontrollers could also be added.
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Figure 28 - Early testing of prototype
By connecting the LED and passing the infrared LED beyond the phototransistor, it become apparent that it was working as intended. From the image above its clear to see that the lamp remains dim until the infrared LED is detected in which it shines bright.
[image: ]
Figure 29 - Development of build
Upon testing and gaining confirmation that the design constructed on the first breadboard was a success, it was merely a case of “copy and paste” for the remaining 3 microcontrollers. Once each one had been built, the connections from the microcontrollers either side could be connected (input from external sensors to PIN 3 & 2 of pic) to create a line of communication.
[bookmark: _Toc102049110]Prototype final build and demonstration
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Figure 30 - Prototype final build
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Figure 31 - Prototype demo at 20% intensity
[image: ]
Figure 32 - Prototype demo of intensity increase when motion is detected
[image: ]
Figure 33 - Prototype demo of lamps switching off due to light detection on LDR
The figures above show the final build of the prototype and a demonstration of the system working as intended.



[bookmark: _Toc102049111]Chapter 5 - Analysis
The purpose of this study was to determine if energy can be saved on current street lighting systems by using motion detection technology. This section will present the data collected and look to analyze it in a comprehensive and easy to understand manner.  The overall statistical analysis data type used within this study was quantitative, using variables from the prototype build to support the researcher’s point of view. Although, it was important not do neglect qualitative data, as the purpose of street lights are purely for people so their opinions matter too.
The design of the prototype provided a great opportunity to gather independent data on the lamps at different brightness levels, it also give a clearer perspective if the proposed system was something that was a viable option for our streets. The data was collected by using a Multimeter to measure the power used by the LED. Although the instrument cannot directly measure the wattage use, it could determine the LEDs voltage and resistance. This information could then be used to estimate the power in watts by using the following ohm’s law formula:

[bookmark: _Toc102049112]Results
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[bookmark: _Toc102048245]Table 15 - Data collection of prototype
[image: ]

· Dependent Variable: Power consumption in Watts
· Independent Variable: LED intensity
From a quantitative analysis point of view, the results obtained from the experiment coincide with the pre assumption of the researcher. It was expected that the power usage would be higher, the brighter the lamps were. With this information acquired it was then possible to estimate the power consumed over time. So according to Wigan council, as discussed in the literature review, street lights are usually on for around 11 hours per day which amounts to 4,100 hours in a year. Therefore, based on this and using the data collected, at 100% intensity the power usage over a year would be 24395Wh.  The watt-hour of the proposed method was unattainable during this report, due to the fact that the independent variables would be manipulated depending on the volume of pedestrians using the road on a given night. However, as the power was calculated for each lighting phase, an estimation could be calculated based on the lamps being in power saving mode (20%) half of the 11 hours and at full intensity for the rest. This would accumulate to 16,995Wh, equating to an annual saving of 7,400Wh.
In contrast to the experiments conducted elsewhere in the world that are explained in the literature review section of this report, there were similarities to the findings. According to the smart light installed in Norway, oslo. Savings had been worked out to be 2,100 kWH per week . 
Overall, the answers accumulated from the experiment were as expected and linked nicely to the research gathered during this report.  Having said that, during the analysis of the prototype, some qualitative data concerns were raised. Having the prototype in person and seeing the light levels increase as an object passes by, raised some questions about the well being of the people. For example, would the constant sharp light level increase, veering into the windows of houses cause distress? Can this be solved by altering the selected light levels of 20% to 100%? Unfortunately these questions cannot be answered without further investigation and experiments which are out of the researchers’ scope. One surprise aspect of the design during the analysis however was the brightness of the light even at 20%, this could potentially allow the option of never needing to go to 100%.
[bookmark: _Toc102049113]Evaluation
The research question of this thesis was whether energy could be saved on the current street lighting method by implementing motion detection technology that operates the lamps when there are people around instead of being on all night with no one to use them. From the data collected it was concluded that motion detection street lighting, does in fact save energy, due to its ability to operate at a reduced power until someone comes within range to trigger the sensor. 
From the original assumptions right down to the data collected from the prototype build the consensus has remained the same. The data collected shows that the power usage of the lamp at 20% is far less than when it is at 100% intensity. Backing up the research in the literature review which was conducted at the delft university in the Netherlands, the student in charge of this project stated that their new intelligent street lighting system can reduce energy and CO2 emission by up to 80%. It doesn’t come as a surprise that the data backs up the research as a deductive approach was taken meaning the project began with a theory and the aim was to build on it, this also allowed ideas to be taken from previous data and hypothesis, which is where the power saving mode at a light intensity of 20% derived from.
[bookmark: _Toc102049114]Final Gantt chart
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[bookmark: _Toc102048246]Table 16 - Final Gantt chart
During the initial stages of this project, timing plans were set out in the form of Gantt charts as seen in the Planning section. In life things don’t always go to plan which results in the need for adaption. The above figure shows the final timing plan and how things actually went. 
[bookmark: _Toc102049115]Were the objectives met?
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[bookmark: _Toc102048247]Table 17 - Final Objections check
The aim of this project was to determine if energy could be saved on street lighting by implementing a motion detection method, in order to answer this question, objectives were set at the beginning. Table 17 shows that these objectives were met and most within the set timeframe. However, as previously stated, sometimes plans change. Due to a lack of knowledge on using “CCS C” software, further classes needed to be attended and with clashing work schedules this delayed things a little. With that being said, during the initial planning, the projected time for the prototype build was purposely exaggerated in case of such problems. Meaning the overall aim could still be met within the agreed upon deadline.
[bookmark: _Toc102049116]Suggested Improvements
The design requirements were met by the prototype build and the data collected backed up the research in the literature review. Upon evaluation there were some aspects of the project that come to mind that could be improved which would make for a better design and allow more data to be collected. Such as:
· Wireless communication – The research done within the literature mentions Chintan Shah a student as Delft University in the Netherlands. His design consists of wireless communication between the street lights and a control room. This would be a great feature to add extra control to the system. (sciencedaily, 2011)
· Solar powered - The research carried out on the various motion detection lighting already on the market provided some ideas of what has already been done. An obvious feature was the power being supplied by a photocell sensor. Potential for extra energy efficiency.
· Larger scale prototype – although the prototype build was sufficient in gathering the necessary data to answer the research question, it would make for a better experiment with more lamp post and at a larger scale for a more realistic look at how street lights are usually constructed.
· Change the mechanism of how the brightness reverts back after motion is detected – A delay of 5 seconds was implemented in the C coding of the microchip for the prototype build, so when motion is detected the lamp will stay at full brightness for this length of time. A potential improvement would be to control this with when the sensor is triggered on the next lamp post, as 5 seconds can be too long practically if a vehicle is passing and small adjustments can lead to big energy improvements.  
· Lower LDR threshold – Looking back, the specified LDR threshold was set far too high. Some days the lamps would still operate during the day and would only switch off if a torch was pointed at it. Although this was good during the build and not having to work in complete darkness, given more time the accuracy of the LDR threshold could be improved.
· Experiment with different LED intensities – Another improvement that could be made was the data collection of a wider range of LED intensities, as opposed to the selected 20%, 80% and 100%.
· Experiment with different sensors – This point also links to the larger scale prototype suggested. As stated during this report it was not practical to experiment with the initially chosen radar sensors due to their wide detection range. If this was to be done again, experimenting with different sensors would create a more informative report.
· Get opinions of people – given the chance to do this again, the inclusion of more qualitative data would be apparent. This would add further perspective to the proposed method and hopefully be in a better position to answer the question raised previously on whether the changing light levels during the night would cause any distress to people living nearby. Could potentially be intrusive.





[bookmark: _Toc102049117]Chapter 6 - Conclusion and recommendations
To conclude, the main purpose of this report was to come up with a solution to save energy, in a world that is facing its biggest ever climate change crisis. The smallest of changes to the way we live can make a huge impact. This is where the idea came about and attention turned to the street lighting system here in the UK. It became apparent that street lights turn on when the ambient light level lowers and remain on until the following day. With this in mind, the solution was to implement a design that would allow the lights to only switch on when there is someone around to make use of it. The method proposed to do this was motion detection Street lighting, allowing them to detect movement and operate accordingly. This raised the research question of whether the proposed method really saves energy in comparison to the current method.
Objectives were set in order to answer this question and research carried out on previously implemented methods and experiments based on this subject to build and gain ideas. The research discovered in the literature review backed the initial thought that motion detecting street lights save on energy as proven by a student in Delft University for example. Chintan Shah’s design which is not too dissimilar, said that his system reduces CO2 emissions by 80%.
In addition to research a proof of concept prototype was built to collect independent data thus backing up the research. In order to build the prototype a thorough design of the system took place which included setting the requirements in various formats such as block, flow and schematic diagrams. As well as implementing the design, from writing the interface of the microcontroller through the medium of CCS Compiler to the physical build on breadboards ready to collect data. This is all included within this report. Furthermore, the data collected from the prototype build backed up the research in the literature review in the fact that motion detection technology does work on street lighting and it actually improved the efficiency and saves energy, successfully answering the research question.
[bookmark: _Toc102049118]Recommendations
This report achieved its aims and met the objectives set out to answer the research question. Having said that, throughout this project it became apparent that there is much more that can be explored within this subject. The researcher believes that the report raises several hypotheses that merit further research about motion detecting street lights. The researcher offers the following recommendations:
6. Examine the effectiveness of solar powered street lights to further improve energy efficiency.
7. Seek to extend the research beyond numbers and to gain a better understanding of how these systems would impact people, particularly ones living nearby.
8. Examine the impact on the dependent variable by extending the experiment to different environments, different sensor technology and different weather conditions.
9. Look to find the optimal LED brightness for road safety and energy beneficiary. 

10. Conduct surveys, interviews of people that live directly by street lights of various operating methods to add a different perspective. 



[bookmark: _Toc102049119]Chapter 7 - Reflection
Reflecting on the work I’ve done throughout this independent project, I can safely say it has been one of the most challenging but also rewarding experiences of my life. When I knew we would be in charge of the project topic and that we had to come up with a solution to a problem I knew immediately I wanted to base it around climate change due to the current state of the world. However I had to change my initial idea relatively close to the project proposal deadline due to various reasons which made me have to think of something fast, leaving me having to adapt and think on my feet from the get go. The chosen topic was Motion detection street lighting, factors that led to my decision in choosing this was of course the energy saving element but also the fact that I was intending to build a prototype version and it was something that I knew I would enjoy.
A literature review was produced in which I gathered as much information on this subject as well as research into motion detection light systems already on the market. My knowledge on street lighting was very basic at the beginning of this so it was very interesting going into it with an open mind and discovering the different technologies around the world. While also intriguing myself at the same time as to why this idea isn’t being used. Throughout this process not only was I learning about something I found exciting but I was improving my general research skills and techniques with the help of the research onion, again something I’d never encountered before but now it’s something I’ll continue to refer back to when conducting research.
It terms of the design of the prototype, the initial stages I had some experience from previous classes here at UWTSD. The methods on setting out the design requirements and constructing schematic diagrams using Proteus was familiar, however, C coding and writing the interface of the chip to later compile was something I had never done before. This was something that required additional tutoring which ultimately took time out of the project. Once the basics had been obtained I could then apply it to my design which was a big moment in the project as it give me a big boost and the confidence in knowing that I had jumped over another hurdle and could pursue the finish line. 
Given that the project is now complete I can look back and be proud of what I’ve done with no regrets. The most obvious thing that I discovered was the advantage of constructing a good project plan. I learned new techniques to set out aims and objectives which helped in my decision making at the early stages, looking back its clear that what seemed like small choices could have actually led to big effects later on, something that I’ll take forward when planning future jobs. Another discovery was the importance of time management; I’ve always priorities this project throughout, however things happen in life that may be out of your control. Through this I learned how to set out and manage timings to account for any mishaps that may happen further down the line, in order to achieve the end goal within the timeframe. Finally, I discovered that through engineering, the smallest of things could be turned into something amazing. I was able to showcase my skills by making the design become a reality, with a few components and the delivery boxes they were received in; I was able to construct a working replication of my design proposal within a modest budget.  Seeing my work come to life give me a sense of achievement and opened my eyes to my own capabilities. One day I hope to pursue a career in this subject, having a taste of how microcontrollers are programmed and the power they hold with the ability to control huge operations, leaves me wanting to further my knowledge and training on them. Although this was an independent project, I am grateful for the help received from my project supervisors, without their guidance I would not have been able to complete my project.
Overall I think the project was a success, the aim of the project was to come up with a solution to the wasted energy on current street lighting systems. Along came the motion detection street lighting system after thorough research and planning a prototype build was constructed which met all the design requirements and achieved the answer to the research question. As stated I have no regrets; however the knowledge and experience of this project will no doubt put me in good stead for future project in achieving better outcomes. To conclude, the investigation proved that motion detection street lighting does in fact save energy compared to the current method.
ALL DATA SHEETS, SCHEMATIC DESIGNS AND VIDEO DEMONSTRAITION SENT ELECTRONICALLY TO COINSIDE WITH REPORT.
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SMART Criteria Description  Project Relevancy

Measurable

How to tell if the objectives have 

been met. Has to be measurable.

A successful project will be meeting all the aims seen in the project breakdown on time and within 

budget to the satisfaction of the research question.

Achievable

Is the objective realistically 

achievable, taking into account the 

time frame, resources and support 

that are available?

The proposal outlined the aims and objectives of the project, this was reviewed by the supervisor which 

led to an agreement between the author and supervisor that it was achievable. 

Relevant

Is the objective relevant to the 

Universities stated aim; "To 

develop the ability of students to 

engage critically and innovatively 

with theory and/or practice 

relevant to their studied subject 

areas in order to produce a 

discipline specific in-depth project."

The authors studied subject is Electrical and Electronic Engineering which is in line to the research 

question, allowing the demonstration of the skills and knowledge obtained in the field to be shown in 

order to produce a solution.

Time

Has a specific date been agreed for 

when the objective should be 

completed?

The date for the objective was set out and agreed on in the proposal, specific dates for the objectives 

and final outcome can be seen in the Gantt chart which was set out and revised as the circumstances 

changed, making sure the final deadline could still be met.

Specific  The specific goal of the project 

The goal of this project is to produce a concept to reduce the energy consumption on street lights by 

implementing motion sensor technology 
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Section  Objectives Planned completion date

Proposal Project proposal 25/10/21 - 5/11/21

Planning Using the SMART criteria to guide the planning process 25/10/21 - 5/11/21

Street lighting in the UK - how it currently operates 25/10/21 - 30/11/21

Research into what has already been done and their results 25/10/21 - 30/11/21

Research into Motion sensor lighting systems currently on the market and compare 25/10/21 - 30/11/21

Methodology Create a research onion detailing the methods and strategies followed for the research 05/01/22 - 07/01/22

Sensor selection - Compare different sensor methods that can be used 17/01/22 - 24/01/22

Sensor Selection - Determine the sensors to be used for the design 17/01/22 - 24/01/22

Set out what is required of the design 01/02/22 - 06/02/22

Microchip selection 01/02/22 - 06/02/22

Block Diagram 25/01/22 - 29/01/22

Flow Chart 25/01/22 - 29/01/22

Schematic Design 21/02/22 - 04/03/22

Design interface of chip (CCS C) 04/03/22 - 11/03/22

Test simulation 11/03/22 - 12/03/22

Gather materials & Compile PIC 01/03/22 - 01/04/22

Implement design to produce working prototype 01/03/22 - 01/04/22

Test prototype build 07/03/22 - 01/04/22

Build Cost 26/02/22 - 28/02/22

Data analysis 11/04/22 - 22/04/22

Effectiveness 11/04/22 - 22/04/22

Evaluation of project 11/04/22 - 22/04/22

Improvements that could be made 22/04/22 - 27/04/22

Conclusion 22/04/22 - 27/04/22

Reflection 22/04/22 - 27/04/22

Research

Requirments for design

Design

Prototype Build

Evaluation and Conclusion 
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Task  Wk1 Wk2 Wk3 Wk4 Wk5 Wk6 Wk7 Wk8 Wk9 Wk10 Wk11 Wk12 Wk13 Wk14 Wk15 Wk16 Wk17 Wk18 Wk19 Wk20 Wk21 Wk22 Wk23 Wk24 Wk25 Wk26 Wk27 Wk28 Wk29

Research Into Project

Interim Report

Sensor/ component Selection 

Build Specification to Work to

Choose Microcontroller 

Block Diagram Design

Interim Viva Preperation

Interim Viva

Creation of Final Report

Proteus Schematic Design

Easy Pc Design

Prototype Build Cost

Prototype Build

Prototype Tests

Analysis of Project

Final Viva Preperation 

Final Viva

Expedition

March April October November December January February
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Task  Wk1 Wk2 Wk3 Wk4 Wk5 Wk6 Wk7 Wk8 Wk9 Wk10 Wk11 Wk12 Wk13 Wk14 Wk15 Wk16 Wk17 Wk18 Wk19 Wk20 Wk21 Wk22 Wk23 Wk24 Wk25 Wk26 Wk27 Wk28 Wk29

Research Into Project

Interim Report N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Sensor/ component Selection  RE-ASSIGN

Build Specification to Work to RE-ASSIGN RE-ASSIGN

Choose Microcontroller  RE-ASSIGN

Block Diagram Design RE-ASSIGN

Interim Viva Preperation RE-ASSIGN

Interim Viva

Creation of Final Report

Proteus Schematic Design RE-ASSIGN RE-ASSIGN

Easy Pc Design N/A N/A

Prototype Build Cost

Prototype Build

Prototype Tests

Analysis of Project

Final Viva Preperation 

Final Viva

Expedition

April October November December January February March
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IMAGE

DESCRIPTION ISL0330 

40W LED SOLAR 

STREETLIGHT with Smart 

PIR Sensor

Radar Motion Sensor Solar 

Lights 108 LED Street Light 

15W 2100LM Security Light 

Night Outdoor for Garden 

Path Street

Solar Street Light with 

Motion Sensor

WEBLINK

https://www.novelenergylighting.c

om/solar-powered-led-street-light-

ip65-pir-photocell-30w-

isl0330.html?gclid=EAIaIQobChMIjt

Dx7s_o9gIVVe7tCh3F_ADLEAQYCC

https://www.smart-

light.co.uk/product/40w-

led-solar-streetlight-with-

smart-pir-sensor/

https://www.dhgate.com/p

roduct/radar-motion-sensor-

solar-lights-108-

led/450437171.html?f=bm

%7cGMC%7cpla%7c755398

https://windandsolar.co

m/solar-street-light-

with-motion-sensor/

POWER 30W 40W 15W 40W

LUMENS 100Lm/watt 120lM/watt 2100lm on/ 200lm off 175lm/watt

SENSOR TYPE PIR Sensor PIR Sensor Radar Sensor PIR Sensor

DETECTION DISTANCE 3-8m 8-12m 8-12m 8-10m

MATERIAL Aluminium alloy housing ABS+PC and Aluminium Alloy ABS + PC + UV

thick die-cast aluminum 

body

IP RATING IP65 IP65 IP65 IP65

WORKING TEMPERATURE  -25℃ to 65℃ -20℃ to 60℃ N/A -15℃ to 60℃

DIMENSIONS 810mm x 220mm x 160mm 289.7×73.6×706.1mm 380x180x50mm 599x300x201mm

INSTALLATION TYPE 3 - 8m Straight pole 

8-12m Straight Pole, 

Curved Pole and Wall 

Mounted

2 - 5m Straight pole  wall mounted or pole

BATTERY 3.7V 39000mAh 9.6V, 12000mAh 6.4V, 6600mAh Internal LifePo4

COST  £797.99 £285.23 £69.68 £190.04

WORKING MODES

Boosts to full power when motion 

detected from 30% standby mode

Becomes active when 

motion detected 

otherwise will remain off

When motion is detected 

100% 2100lm , 10% 

brightness 200lm when no 

induction

100% illuminated in the 

sensing range, 

otherwise 30%

POSITIVES 

* Dimmable 

* Good IP Rating

* Solar capabilities

* Larger mAh rating

* Good IP Rating

* Solar capabilities

* Multiple mounting 

options

* Dimmable 

* Cheap

* Radar sensor better in 

harsh weather

* Solar capabilities

* Lower Power supply

* Dimmable 

* Solar capabilities

* Good IP Rating

* High Lumen level

NEGATIVES

* Expensive

* Detection range less than others

* Larger in size 

* PIR sensors can be unreliable in 

harsh weather 

* Not dimmable

* PIR sensors can be 

unreliable in harsh 

weather 

* Quite Expensive

* Working temp not 

specified

* No battery specified

* PIR sensors can be 

unreliable in harsh 

weather

* Quite Expensive  
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Layer  philosophy approach strategy Choices Time horizon

Choice Pragmatism  Deductive Experimental mixed-method  Longitudinal

Advantages * Can evaluate both scientific and personal ideas  * Quicker to conduct

* Provides researcher with high level of control

* Provides specific conclusions

* Results can be dublicated 

* Can be combined with other research methods

* Can give a better 

understanding of the 

problem



* Ensures accuracy and 

validity 

* Flexible



Disadvantages No Disadvantages 

* Limit the scope of creativities



* Risk of human error, causing invalid results

* Time consuming process

* Experimental research does not provide an 

actual explanation.



No Disadvantages  * More time consuming
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TYPE  PHOTORESISTOR PHOTODIODE PHOTOTRANSISTOR

IMAGE

DESCRIPTION 

Luna Optoelectronics, 100 V 

Through Hole LDR (Light 

Dependent Resistor) 

Vishay, BPW21R Visible Light Si 

Photodiode, 50 °, Through Hole 

TO-5

TEPT4400 ambient light sensor

WEBLINK https://uk.rs-online.com/web/p/ldr-light-dependent-resistors/9146710/?cm_mmc=UK-PLA-DS3A-_-google-_-PLA_UK_EN_Displays_%26_Optoelectronics_Whoop-_-LDR+(Light+Dependent+Resistors)_Whoop-_-9146710&matchtype=&aud-828197004210:pla-341232543775&gclid=CjwKCAiAq8f-BRBtEiwAGr3DgSqOj2_LjigL6w7uneiwK_OqzXNHj0cP2w82eezsqkZGOYmfaRwAShoCdzIQAvD_BwE&gclsrc=aw.ds

https://uk.rs-

online.com/web/p/photodiodes

/7082813/?cm_mmc=UK-PLA-

DS3A-_-google-_-

https://cpc.farnell.com/vishay/tept

4400/phototransistor-sensor-

ambient/dp/SC12389?mckv=s9OUu

g1LK_dc|pcrid|224649302523|kwo

OUTPUT analogue analogue analogue

WAVELENGTH DETECTED n/a 420nm - 675nm 440nm to 800nm

LIGHT RESISTANCE RANGE 20 kΩ → 100 KΩ  n/a n/a

MOUNTING TYPE Through Hole Through Hole Through Hole

OPERATING TEMP RANGE - 60 to + 75 °C - 40 to + 125 °C  -40°C to 85°C

NUMBER OF PINS  2 3 2

MATERIAL

CdS

Si

ANGLE OF HALF SENSITIVITY  n/a ± 50 deg ± 30 deg

COST  £0.67 £9.59 £0.33

DIMENSIONS  4.1mm x 4.1 x 3.1 9.1mm x 9.1mm x 3.1mm 3.2 x 3.2 x 4.5mm

HOW IT WORKS

The resistance decreases when 

the intensity of light increases

Converts the light energy into 

eletrical current.

detects light pulses and convert 

them into digital electrical signals.

POSITIVES 

* Cheap                                                        

*require small power and voltage

* Generates both current and 

voltage    

    *Spectral response is good                     

*Fastest photo detector

* Cheap                                           

*good efficiency

NEGATIVES

* less sensitive to light than other 

two          

 *slow response times

* Expensive * electric spikes more common 
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IMAGE

DESCRIPTION 

Luna Optoelectronics, 100 

V Through Hole LDR (Light 

Dependent Resistor) 

Luna Optoelectronics, 

250 V Through Hole 

LDR (Light

 NORPS-12

WEBLINK

https://uk.rs-

online.com/web/p/ldr-light-

dependent-

resistors/9146710/?cm_m

mc=UK-PLA-DS3A-_-google-

_-

PLA_UK_EN_Displays_%26

_Optoelectronics_Whoop-

https://uk.rs-

online.com/web/p/ldr-

light-dependent-

resistors/9146714?cm

_mmc=UK-PLA-DS3A-

_-google-_-

CSS_UK_EN_Displays_

%26_Optoelectronics_

https://uk.farnell.com

/advanced-

photonix/norps-

12/light-dependent-

resistor-

1mohm/dp/327700?g

clid=EAIaIQobChMIm7

rdtoqT9gIV1O3tCh0Q

OUTPUT analogue Analogue Analogue

WAVELENGTH DETECTED n/a

LIGHT RESISTANCE RANGE 20 kΩ → 100 KΩ  5.4 kΩ → 12.6 kΩ 5.4 kΩ → 12.6 kΩ

DARK RESISTANCE RANGE  20MΩ 1 kΩ 1 kΩ

MOUNTING TYPE Through Hole Through Hole Through Hole

OPERATING TEMP RANGE - 60 to + 75 °C - 60 to + 75 °C -60°C to 75°C

NUMBER OF PINS  2 2 2

MATERIAL

CdS CdS CdS

COST  £0.67 £2.48 £3.23

DIMENSIONS  4.1mm x 4.1 x 3.1 14.35 x 14.35 x 38mm 13 x 13 x 35.5

Spectral peak wavelength 690 nm 690 nm 550nm

POSITIVES 

* Cheap                                                        

*require small power and 

voltage

* More sensitive to 

light

* More sensitive to 

light

NEGATIVES

* less sensitive to light 

than other two           *slow 

response times

* More expensive

* Not as small 

* More expensive

* Not as small 
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IMAGE

DESCRIPTION  C5SMF-RJF-CT0W0BB2 C503B-WAN-CBBDB151 MCL053AD

WEBLINK

https://uk.farnell.com/cree/c5smf-rjf-

ct0w0bb2/full-rank-ammo-pack-iron-

lead/dp/2802863?gclid=EAIaIQobChMI_o2E3L

Wq9wIViu3tCh1d4wuJEAQYByABEgJXp_D_Bw

E&mckv=sggDWXeVF_dc|pcrid|58037170044

https://uk.farnell.com/cree/c503b-wan-

cbbdb151/led-5mm-46-1cd-cool-

white/dp/2579656?gclid=EAIaIQobChMIrZn82cu59gI

VSOvtCh2G1w1iEAQYASABEgIVs_D_BwE&mckv=shu

P6OtcJ_dc|pcrid|580371700447|plid||kword||mat

https://uk.farnell.com/multicom

p/mcl053ad/led-5mm-36-

orange/dp/1581141?gclid=EAIaI

QobChMIte6_wqKn9wIVWe7tCh

2tfAVPEAQYAiABEgJ9gfD_BwE&

PEAK WAVELENGTH 621nm N/A 635nm

VOLTAGE 5V 5V 5V

FORWARD VOLTAGE 2.1V 3.2V 2V

CURRENT 20mA 20mA 20mA

PACKAGE TYPE T-1 3/4 (5mm) T-1 3/4 (5mm) T-1 3/4 (5mm)

MOUNTING TYPE Through hole Through hole Through hole

NUMBER OF PINS  2 2 2

DIMENSIONS  5mm 5mm 5mm

LENS SHAPE Oval Round Round

MATERIAL  GaAlAs  GaAlAs  GaAlAs

COST  £0.12 £0.20 £0.10
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Specs of microcontroller Input/Output

External pic signals - 2 Digital Input

LDR - 1 Analogue Input

Radar Sensor - 1 Digital Input

Switch on own - 1 Digital Output

Switch on external - 2 Digital Output

7 pins +pwr +gnd 4IN/3OUT

Total number of pins
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#include <16F684.h>

#device ADC=10

#use delay(crystal=20000000)

#use STANDARD_IO( C )

#use FIXED_IO( C_outputs=PIN_C2,PIN_C1,PIN_CO )
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unsigned int pwm_set=1;
unsigned int pwm_count=10;
unsigned int pwm_active=0;

#INT_TIMER2
void TIMER2_isr(void)
{

// pwm_set =val *10% so 5=56% duty cycle
// pwm counter
// pwm on/off switch

// home brewed pwm @ 206htz

if(pwm_active==1)

if(pwm_count<=pwm_set)

output_high(pin_c@);
//output_high(pin_c1);
//output_high(pin_c2);

if(!pwm_count)
output_low(pin_c@);
//output_Low(pin_c1);
//output_Low(pin_c2);
pwm_count=18;

if(pwm_set<10) pwm_count--; // decriment couter
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if(value < 128)

flag=1;
pwm_active=1;
pwm_set=2;

else

flag=0;
pwm_active=0;
output_low(PIN_CO);
output_low(PIN_C1);
output_low(PIN_C2);
}
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85 /7}

86 if(input(PIN_A1))

87

88 {

89 // turn on pwm

90 pwm_set=10; // main Lamp power Level
91

92 output_high(PIN_C1); // tell upstream Light to come on

93 output_high(PIN_C2); // tell down stream Light to come on.

94

95 delay_ms(pre_set_time); // keep Light on for 5secs
9

97 pwm_active=6; // turn off pwm

98 output_low(PIN_CO); // sel Lamps off

99 output_low(PIN_C1);

100 output_low(PIN_C2);

101

102

b
103 if((input(PIN_A4)) || (input(PIN_A5))) // if recieving a slave Lamp input
{
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if((input(PIN_A4)) || (input(PIN_A5)))
{

output_high(PIN_CO);
pwm_active=1;
pwm_set=8;
delay_ms(pre_set_time);
pwm_active=0;
output_low(PIN_CO);
output_low(PIN_C1);
output_low(PIN_C2);

// if recieving a slave Lamp input

// turn on pwm
// main Lamp power Level
// keep Light on for 5secs
// turn off pwm
// sel Lamps off
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Prototype Build Materials Quantity Cost

100 V Through Hole LDR 4 £2.68

Cool white LED (C503B-WAN-CBBDB151) 4 £0.80

PIC16F684 4 £5.00

Infrared (LED), 870 nm 1 £1.75

Phototransistor, 870 nm 4 £2.56

10K Resistor 8 £1

250 ohm resistor 4 £1

Power Supply regulated at 5V 1 N/A

9V Battery 1 £5.79

TOTAL COST

£20.58
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LED Intensity (%) Voltage (V) Resistance (ohms) Power (W)

20 0.58 147000 2.34

80 3.52 4000000 3.06

100 4.53 34000000 5.95
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Section  Objectives Planned completion date Completed Actual completion date

Proposal Project proposal 25/10/21 - 5/11/21



No change

Planning Using the SMART criteria to guide the planning process 25/10/21 - 5/11/21



No change

Street lighting in the UK - how it currently operates 25/10/21 - 30/11/21



No change

Research into what has already been done and their results 25/10/21 - 30/11/21



No change

Research into Motion sensor lighting systems currently on the market and compare 25/10/21 - 30/11/21



No change

Methodology Create a research onion detailing the methods and strategies followed for the research 05/01/22 - 07/01/22



No change

Sensor selection - Compare different sensor methods that can be used 17/01/22 - 24/01/22



No change

Sensor Selection - Determine the sensors to be used for the design 17/01/22 - 24/01/22



No change

Set out what is required of the design 01/02/22 - 06/02/22



No change

Microchip selection 01/02/22 - 06/02/22



No change

Block Diagram 25/01/22 - 29/01/22



No change

Flow Chart 25/01/22 - 29/01/22



No change

Schematic Design 21/02/22 - 04/03/22



No change

Design interface of chip (CCS C) 04/03/22 - 11/03/22



04/03/22 - 18/03/22

Test simulation 11/03/22 - 12/03/22



18/03/22 - 19/03/22

Gather materials & Compile PIC 01/03/22 - 01/04/22



01/03/22 - 01/04/22

Implement design to produce working prototype 01/03/22 - 01/04/22



19/03/22 - 01/04/22

Test prototype build 07/03/22 - 01/04/22



19/03/22 - 07/04/22

Build Cost 26/02/22 - 28/02/22



No change

Data analysis 11/04/22 - 22/04/22



No change

Effectiveness 11/04/22 - 22/04/22



No change

Evaluation of project 11/04/22 - 22/04/22



No change

Improvements that could be made 22/04/22 - 27/04/22



No change

Conclusion 22/04/22 - 27/04/22



No change

Reflection 22/04/22 - 27/04/22



No change

Research

Requirments for design

Design

Prototype Build

Evaluation and Conclusion 


image1.jpeg
M Prifysgol Cymru
% Y Drindod Dewi Sant
% University of Wales
Trinity Saint David





