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The aim of this project is to design a vehicle display system which can measure multiple characteristics. The finished design will compatible with the selected project car, however with minor changes the finished design will be usable in most vehicles. All measured characteristics values will be displayed in real time.
The report will contain the following information:
· Introduction to the project
· Planning which includes the aims and objective of the project as follows
· Provide a visual indication that the system is running
· Provide the correct power requirements throughout the system
· Include a ambient outside air temperature sensor
· Include a Engine temperature sensor & warning light
· Include a Tachometer Sensor with LED display system
· Include a speedometer 
· Include a real time clock (RTC)
· Include an LCD display screen
· All parameter values should be designed to the specifications of the selected project vehicle
· Information on the research mythology route which was selected.
· Information on all relevant sensor types regarding this project.
· The full design of this project including,
· Sensor selection
· PIC selection
· Battery selection
· Circuit designs 
· Calculations
· PIC programming
· Relevant diagrams including structure, block and software flow chart diagrams
· Prototype build
· Testing of the project
· Project evaluation
· Conclusion and recommendations section
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Vehicles have been manufactured for over 130 years now, ever since "Benz's three-wheeled vehicle, which he first drove in 1885". [1] As time went by, the technology and design for vehicles was and still is improving. It is not unusual for a modern day manufactured vehicle to now be sold with an on-board computer installed as a standard feature. These computers can have multiple functions such as providing digital sensors for measuring the characteristics of the vehicle, this can include the speed, rpm, engine temperature, the outside ambient air temperature and real time clocks. Advanced types of computer systems can include the ability to store multiple categories of data, some examples of this include the number of miles per gallon, and the identification numbers of the vehicle and even the vehicle service schedules can be stored and displayed. The older generation of vehicles would not have an on-board computer installed by the manufactures, this is because the technology did not exist at the time. There is now an opportunity to create an on-board computer and incorporate it to a classic vehicle. Achieving this is the main objective regarding this project.
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[bookmark: _Toc512501768]2.1 - Aims and Objectives

The main objective of this assignment is to produce an on-board computer system for a vehicle, this will be designed to display live results from sensors of which will be installed onto the vehicle with the purpose of measuring different characteristics of the vehicles attributes. Regarding the objective of this project, there are various aims and targets to achieve that can and enhance the system along with the potential to add additional features to the finished project. Listed below are the main targets to be achieved within the project.
1. Provide a visual indication that the system is running
2. Provide the correct power requirements throughout the system
3. Include a ambient outside air temperature sensor
4. Include a Engine temperature sensor & warning light
5. Include a Tachometer Sensor with LED display system
6. Include a speedometer 
7. Include a real time clock (RTC)
8. Include an LCD display screen
9. All parameter values should be designed to the specifications of the selected project vehicle
10. A microcontroller should provide communication between the designed programming and hardware.
The design of the system will be documented throughout this report, as will any research relating to the project. The system will be designed, created, tested and all the information will be recorded. The first section of this report will include research information relating to systems which are already available and the types of characteristics that will be measured. This part of the literature review will provide information which can identify the advantages and disadvantages of existing design methods and available sensors.
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The S.W.O.T analysis provides summary key points regarding the selected project, this is an important step to identifying if this is a suitable selection of choice for a project before committing. 

	Strengths
	Weaknesses 

	
· This system will provide a significant amount of information relating to the vehicle.

· Once installed the system will require minimal maintenance

· Cost efficient for the materials

· Installation will be achievable

	
· A full redesign of the dashboard will have to be completed to fit the system effectively.

	Opportunities
	Threats

	
· There is an scope to include extra sensors and expand other feature of the system


	
· The system is dependent on the vehicle working correctly and being to the correct specification.
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Reflecting on the completed S.W.O.T. analysis regarding the Vehicle Display System, it can be identified that this will be a suitable project. This conclusion is justified because it is illustrated in the S.W.O.T. analysis that there is more strengths identified than weaknesses. The weakness which was identified is not a serious issue, it also depends on the level of work completed in the project that will affect the level of this weakness, this is because the more sensors and displays added to the project, and the more design work will have to be completed on the dashboard of the vehicle.
The identification of the possibility of improving the system by adding more features is a very favourable opportunity, this allows the potential to expand the original design further and with minimal restrictions with regard to the number of sensors and features. The threat is however a likely possibility but this will on take effect if the system vehicle is modified after the system is designed. One example of this threat includes that if the wheels of this vehicle are 20” and the system speedometer sensor circuit is designed to this scale wheel, if this wheel diameter is ever changed from the original 20” in the future or after the programming of the speedometer circuit, the value of speed will become unreliable because the original calculation will be invalid.
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[bookmark: _Toc512501773]3.1 - Research Onion

The research onion can be used to provide guidance for selecting a suitable of research philosophy to be used with regard to researching information within a project. There are three main philosophies that can be used from the research onion, this includes epistemology, ontology and axiology. The selection of philosophy that will be used for this project will be identified and justified in this section of the report. All sections of the research onion are shown in the below figure. 

[image: Research onion]
[2]
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	Philosophy
	Epistemology (Positivism, Realism & Interpretivism)

	Approach
	Deductive

	Strategy
	Experiment, Survey, Case study

	Choice
	Quantitative (Multi-Methods)

	Time Horizon
	Cross-sectional
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The epistemology research philosophy is commonly used with engineering and scientific research projects. This involves factually information and mathematical data, these are often related to test documents which are often used in the engineering field. Allassignmenthelp.co.uk identifies that “Positivism, critical realism and interpretivism are the philosophical positions relate with epistemology.” [3]
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Deductive approach will be used with regard to this project, allassignmenthelp.co.uk explains that “In the deductive method, your aim is to find the answer to the question that you have at the start of the research. Your premier objective stays to come up with the yes or no answer in response to the research question.” [4]
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3.1.4.1 - Experiment
This strategy is often used with engineering and scientific projects, it uses the data that can be analysed which is relevant to this project.

3.1.4.2 - Survey
This strategy is often used within a deductive approach so it is not unusual that it has been selected to be used with the project. Allassignmenthelp.co.uk states that “It allows you to gather huge data to answers the who, what, where, when and how of your research.” [5]

3.1.4.3 - Case Study
Case study is a strategy that is usually used when collecting research on a single person, however in this project the design will be tailored towards a single vehicle, therefore this strategy is a suitable choice for using with this project.
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The multi methods choice will be used with a primary focus of the quantitative method. This will allow for more of a consideration of measurements which this project will be focused around, whereas allassignmenthelp.co.uk explains that “qualitative research allows you to explore personal accounts, descriptions and opinions.” [6] Therefore this will be a suitable secondary method.
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The cross-section time horizon can be used to complete a study at a single point in time, this will be a more suitable choice opposed to longitudinal because this project is a single build. Longitudinal would be more suited to a study which requires the monitoring of a project over a long time scale.
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This layer of the onion is split into two section, Primary research and Secondary research. All the selected methods from the previous layers of the onion will be divided into either primary or secondary research. Primary research is referred to as types of information and results that have been first hand sources whereas ukessays.com explains that secondary research involves information and data “which is derived from the work or opinions of other researchers” [7]
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The objective of the research completed in this section of the report, is to provide a greater understanding on the measurement of characteristics on this vehicle, the different methods of measurements that can be used, the available sensors which can be used for measuring specific characteristics, the requirements essential to ensure this system can work correctly and efficiently. User feedback will be obtained and reviewed. Conclusions and justifications will be created for critical comparisons and decisions which are made relating to this project.
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In the present day, it is common for an on-board computer to be fitted as a standard feature with most newly manufactured vehicles. A vehicle that doesn't have a computer system fitted can still have the option of fitting a computer system as an aftermarket part. There are manufacturing companies that have computer systems available to be purchased and with this availability of systems, there is an option to have a computer system upgraded or fitted to a broad number of vehicles.
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A PIC (peripheral interface controller) is also known as a microcontroller. As explained by whatis.techtarget.com “A microcontroller is a compact microcomputer designed to govern the operation of embedded systems in motor vehicles, robots, office machines, medical devices, mobile radios, vending machines, home appliances, and various other devices”. [8] In most cases it is far simpler to first design a circuit and then select a compatible PIC, than it is to try and design a circuit to meet the specifications of a PIC which has already been selected.
A microcontroller consists of multiple pins which can be connected to circuits. The different pins in a microcontroller can have multiple functions, these can be identified by the technical document for the specific microcontroller. A pin compatible with an analogue signal is identified with AN, where as a pin compatible with a digital signal is identified by RC. Whatis.techtarget.com identifies that “A typical microcontroller includes a processor, memory, and peripherals”. [9]
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A battery is an essential component required for this project to work. Batteries provide a source of power that circuits require in order to function correctly, as horizoncurriculum.com explains, “Batteries create electricity using liquids or metals that are good conductors of electricity”. [10]Depending on a designed circuit, the required demand of current and voltage can vary, this information will need to be considered when selecting an appropriate battery for this project and most other designed circuits. 





[bookmark: _Toc512501786]4.6 - Vehicle Specifications

The vehicle for which this project is being designed for is a, Ford Capri MK3 3.0V6. This car was manufactured in August 1980 and came standard with a 1.6 litre engine, however this engine has since been replaced by an essex 3.0 litre V6. Although the project will be designed to work in harmony with the specifications relating to this particular vehicle, it is possible that the project can be used a broad amount of other vehicles. This could be accomplished with minor changes to the finished design of the project. 
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The ford Capri is seen by most as Europe’s answers to the American Ford Mustang. Ford had such a positive response from Europe with demanding a similar car to the Ford Mustang, they answered with manufacturing and making the Ford Capri available in many countries across Europe.
The following image is the car that this project will be designed for.

[image: IMG_20160605_174754.jpg]










The main specification regarding this vehicle, which related to the project design are shown in the following table.

	Parameter
	Value

	Length
	174.8 in

	Width
	66.9 in

	Height 
	52.1 in 

	Weight
	1185 kg

	Top Speed
	121MPH

	Traction
	RWD (Rear Wheel Drive)

	Body Style
	Hatchback Coupe

	Doors
	3

	Class
	Sports Car

	Year
	1980

	Model
	MKIII

	Reg
	W
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The essex 3.0 V6 engine was used in multiple vehicles however, the For Capri was one of the most popular vehicles it was used in, Burtonpower.com states that “This Ford engine can be viewed as a kind of scaled down American V8” [11]. The essex 3.0 V6 has two different models, one model was manufactured as explained by Burtonpower.com “Originally introduced in 1965” [12] and the other was post 1970.The engine of which this project will be designed to, is the post 1970 essex V6.

[image: F:\Uni\USB\BEng Degree\Project\Images\v6_esx.gif]
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The main specification regarding this engine, which related to the project design are shown in the following table.

	Parameter
	Value

	Horsepower
	101.5 kW / 138 hp

	Torque 
	235 Nm / 173 ft-Ib

	Valves per Cylinder
	2

	Engine Type
	Spark Ignition / 4 Stroke

	Cooling System Capacity 
	9.3 Litre

	Fuel System
	Petrol

	Operating Temperature
	90°C - 110°C
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As part of the research for this project a survey was created and given out to 100 persons to complete at their convenience. The aim and objective of this survey was to provide relative feedback regarding this project, which was analysed and concluded. The outcome of the conclusion aided identifying what is deemed the most important and in demand features regarding measuring and monitoring particular characteristics of a vehicle.
The questionnaire that will be issued out is as follows:

1. What is your age?

2. What is your Gender? 

3. How many years have you been driving?

4. Are you required to wear prescription lenses when driving?

5. Do you wear a hearing aid?

6. Would you favour having digital or analogue clock display?

7. Would you favour having digital or analogue RPM display?

8. Would you favour having digital or analogue Speedometer display?

9. Would you favour having digital or analogue Temperature display?

10. Will it be beneficial to you, if you can record and store any data of a vehicles RPM, speed and engine temperature during a drive?
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1.  What is your age?






2. What is your Gender?



3. How many years have you been driving?



4. Are you required to wear prescription lenses when driving?







5. Do you wear a hearing aid?






6. Would you favour having digital or analogue clock display?







7. Would you favour having digital or analogue RPM display?





8. Would you favour having digital or analogue Speedometer display?





9. Would you favour having digital or analogue Temperature display?





10. Will it be beneficial to you, if you can record and store any data of a vehicles RPM, speed and engine temperature during a drive?
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Reflecting on the results from participants that completed the issued survey, it is evident that a range of ages and genders completed survey. The average driving experience of participants ranged between 21 and 50 years, this is identified as the top 3 driving experience groups had very similar results with the 31-40 year group having the highest results of 22 participant, followed by the 21-30 year group with 21 participant and then thirdly the 41-50 year group with a result of 19 participants.
More participant require the use of prescription lenses when drive than the use of hearing aids, this is shown in the results as only 9 of 100 participant use hearing aids whereas almost a quarter of participant are required to use prescription lenses when driving. The overall individual results for participants that wear hearing aids is low, however the amount of participant that require the use of prescription lenses is surprising.
Regarding the results of the questions which are intended to identify what the preferred display types (Digital or Analogue), it is identifiable that the majority of participants would prefer a digital display for all measured characteristics regarding these questions. The RTC had the highest amount of participants preferring a digital display, whereas the RPM and speed characteristics were also highly desired to have digital displays. The temperature characteristic did have a preferred choice of a digital display however, 36 participants still voted towards an analogue display type for measuring these values.
The final question in this survey asked participants, if they would feel it beneficial to record data of measured characteristics. The results of this questions showed that less than a quarter of participant would find this feature beneficial, a number of only 18 participants answered in its favour.
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Concluding the information gathered from the survey, it can be identified that an equal number of both genders, along with a broad range of ages of participants are currently driving. The results indicate that the majority of participants would prefer digital displays, opposed to analogue displays regarding the measured characteristics from a vehicle. Another interesting conclusion from these results is the amount of participants that did not think it would be beneficial to store any recorded data. Although this method of recording data would likely be useful to vehicle manufactures or racing companies for testing purposes, it appears that for the normal usage of a car the results show that this is not a favourable feature to include. This feedback from the survey provides vital information which will be considered during the designing stages of this project.
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[bookmark: _Toc512501794]5.1 - Ambient air Temperature

Ambient air temperature is often referred to as what the ordinary air temperature is considered to be, this can be measured in doors (room temperature) or outside. “In weather, ambient temperature refers to the current air temperature —the overall temperature of the outdoor air that surrounds us”. [14]
The ambient air temperature is measured on most vehicles by installed an air temperature on to the vehicle located either in the front bumper or inside the grill, the sensor should always be located away from where the heat of the engine could affect results of the temperature sensor.

[image: ]
[15]
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There is a wide range of ambient air temperature sensors available on the market, specifically for vehicles. Sensors can be purchased direct from vehicle manufacturers and garages, or often a cheaper option can be to purchase the sensors from retailers which deal in vehicle parts and accessories.
In most cases, if a vehicle comes with an ambient temperature sensor from stock, the sensor is likely to be designed and manufactured in a method that will ensure the sensor is only compatible with that specific vehicle or similar vehicle models. Vehicle part manufactures can still design sensors which are not the original parts but could still be compatible and suitable to be used in specific vehicles, these are not usual recommended or available direct from the vehicle manufactures.
Examples of manufacturer sensors are as follows.
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[image: ]
[16]
The Bosch 0 281 002 437 ambient temperature sensor is used on multiple Ford manufactured vehicles, this device is designed in a method which will be compatible to these ford vehicles only. The compatibility requirements to the specific vehicles is related to the connection and mounting designs on this sensor, the technology itself could be used within a broad amount of other available sensors on the market. Shown below is the technical data retrieved from the official technical document relating to this sensor.
[image: ]
[17]
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[image: ]
The Bosch NTC M12-L sensor is designed using a thermistor device, this device will collect results and which can then be converted into a temperature value. The NTC M12-L is installed into multiple vehicles as a standard part from the manufacturer. Technical information relating to this device is shown below.
[18][image: F:\Uni\USB\BEng Degree\Project\Specification Documents\Sensors\Ambient Temperature\Research\Bosch NTC M12-L.PNG]
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	[image: ]
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	Sensor
	0 281 002 437
	NTC M12-L

	Manufacturer
	Bosch
	Bosch

	Sensor Type
	NTC - Thermistor
	NTC - Thermistor

	Operating Temperature
	-40˚C to +130˚C
	-40˚C to +140˚C

	Measuring Range
	-40˚C to +130˚C
	-40˚C to +140˚C

	Measuring Current
	1mA
	NA

	Storage Temperature
	-40˚C to +130˚C
	-30˚C to +60˚C

	Supply Voltage
	5V
	5V

	Response Time
	1ms
	NA

	Price
	£34.99
	£24.99





Analysing the results from the above comparison table, it can be concluded that both of these devices are very similar in performance. The most noticeable difference appears to be with the physical design, the 0 281 002 437 sensor appears to be larger and more complex with regarding the physical design. This noticeable difference in the physical design could be a reflection of the higher cost, although this it is possible that the broadness of compatibility with other vehicles could also be a reflection of the cost. 


[bookmark: _Toc512501799]5.2 - Engine Temperature

The measuring of the engine temperature on a vehicle is an important feature,a display of the temperature is usually always located on the dashboard of a vehicle and this is for a driver to have a clear visibility of the engine temperature value at all times. The engine temperature display provides three key elements regarding the vehicle, these include when the engine is cold, when the engine is running at its operating temperature and if the engine is overheating. 
Damage to an engine can be caused by driving a vehicle when the engine temperature is too low, as tuneruniversity.com explains “In all engines, the engine's clearances are significantly tighter, creating extreme amounts of stress on the engine's internals and the piston rings will not have properly sealed with oil temps too low.” [20]Detecting if the engine is overheating is an important feature of a vehicle because it provides a driver the information to allow them to prevent causing any serious damage to an engine. An overheating engine can result in complete engine failure in worst cases.
The engine temperature displays can be either analogue or digital displays, in some cases both display types can be used. An engine temperature warning light often installed as part of the display feature for this characteristic, this is to inform a driver of the danger level of temperature regarding the engine. An example of a digital display is shown below.

[image: Related image]
[21]










[bookmark: _Toc512501800]5.2.1 - Methods of measuring Engine Temperature

Three methods are available for measuring the engine temperature of a vehicle, these include measuring the temperature of the engine coolant, the engine oil or the engine casing. Measuring the temperature of a engines coolant is a common method for identifying the engine temperature, this provides a good indicator to the true temperature of an engine. Oil temperature within an engine is considered as the best method for monitoring the true value of an engine temperature, this is because the engine oil is lubricating the internal engine components therefore it is more important that the coolant and as tuneruniverisy.com states that “As a general rule of thumb, after the car is warmed up, oil tends to be a few degrees warmer than the coolant (usually 10-15 degrees Fahrenheit). [22] Measuring the casing of an engine can provide a temperature value, however this is the possible weakest method to used regarding acquiring a true indication of engine temperature.












[bookmark: _Toc512501801]5.3 - Tachometer (Revs)

Rev counters are commonly installed into vehicles that have been manufactured from all over the world in the modern day, it would almost be unusual for a newly manufactured vehicle to not have a rev display installed. The rev counter is commonly displayed on the dash board, this is to allow the driver of the vehicle to be able to view without affecting their driving awareness. The rev counter is often displayed in a clock format next to a speedometer in a vehicle, these two features are commonly next to each other. A picture below is showing a method of displaying a rev counter in a clock design method.

[image: ]
[23]

"The first Tachometer is widely considered to have been developed by the German engineer, Dietrich Uhlhorn in 1817". [24]The reason this device was created was to have method of measuring the speed of machines, now this device one of the standard features in all modern vehicles. Although it is not a legal requirement to have a rev counter display, it is often a desired feature when purchasing a vehicle.









[bookmark: _Toc512501802]5.3.1 - Methods of Measuring RPM

There are several methods available when it comes to measuring the RPM value on a vehicle, each method can be designed in a way to retrieve accurate data which can then be converted into a readable value for a user. One method is to use electronic sensors, these can be installed into an electronic circuit which is designed to allow the sensors to obtain a value relating to the revs of the engine, this value can then be converted into an accurate unit of RPM. A second method can involve recording the value of the frequency of pulses generated direct from the ignition system of a vehicle, this value can then be converted using electronic components to display an accurate value of RPM from the vehicles engine.














[bookmark: _Toc512501803]5.4 - Speedometer

The purpose of a speedometer is to measure the speed of a moving vehicle. This is often displayed in a value of either miles per hour or kilometres per hour. In almost all vehicles the speedometer display is located on the dashboard of the vehicle, this allows the driver to monitor the speed of the vehicle in real time.
A speedometer is fitted to almost all vehicles because in most cases it is a legal requirement, legislation.gov explains further that “every motor vehicle shall be fitted with a speedometer which, if the vehicle is first used on or after 1st April 1984, shall be capable of indicating speed in both miles per hour and kilometres per hour, either simultaneously or, by the operation of a switch, separately.” [25]The vehicle being used with this project was manufactured in 1980 therefore it does not require the capability of measuring both miles per hour and kilometres per hour.
Speedometers displays can be in either an analogue clock or digital display format, some vehicles use both display types simultaneously. Examples of displays are shown below.
[image: Related image]
[26]











[bookmark: _Toc512501804]5.4.1 - Methods of measuring Speed

There are multiple methods available for measuring the speed of a vehicle, different vehicles will adopt different methods depending on which are deemed more suitable for the specific vehicle. Sensors are often used for measuring the rotational speed of a vehicles component, specifically a component which rotates as the vehicle moves. The measured value can then be converted into a value regarding the movement speed of that vehicle. An example which is commonly used, is the measuring of the rotational speed of a transition system within a vehicle. The transition will rotate as the vehicle moves therefore, measuring the value of speed regarding the rotation of the transition, the value can then converted into a value of vehicle speed by using the correct formula. Other examples can include measuring the speed of other vehicle components, such as the rotational speed of the wheels.











[bookmark: _Toc512501805]5.5 - RTC – Real Time Clock

There are many models of real time clocks (RTC’s) available that can be used to display the time and date, these are in the form of a chip which can be mounted onto a PCB. The features of RTC’s can vary slightly in different chips, in most cases these chips all share similar features with the exception of the method the information is displayed. One example of this is related to the format in which the time and date can be displayed, some examples are shown in the table below.
	
	Time
	Date

	Example 1
	SS:MM:HH
	DD:MM:YYYY

	Example 2
	HH:MM:SS
	MM:DD:YYYY



On most vehicles the RTC is displayed in a location which is visible to a driver when the vehicle is in motion, but in a position which will not cause interruption or distraction to the drivers road awareness. The location for the display is often within the dash board of the vehicle, similarly to the clocks for a speedometer and rev counter. Shown below is an example of the location of the display for the RTC in a 2008 Audi A3.
[image: F:\Uni\USB\BEng Degree\Project\Images\Research\Sensors\RTC\IMG_20180317_221624.jpg]
[image: F:\Uni\USB\BEng Degree\Project\Images\Research\Sensors\RTC\IMG_20180317_221632.jpg]
Shown in the example to the right is a closer examination of the real time clock (RTC) display which is installed into a vehicle, as shown in the image this feature includes a clear display of the time and date.
[bookmark: _GoBack]
[bookmark: _Toc512501806]Chapter 6 - Sensor Research

[bookmark: _Toc512501807]6.1 - Temperature Sensors

There are multiple types of sensors that can be used to measure temperature, these include resistance temperature detectors, thermocouples and thermistors. Information regarding each of these sensors will be summarized in the following section, along with a comparison of the technical information and capabilities of each sensor type. The information from the comparison table will be analysed, and a conclusion will then be made using this information to identify which sensor types will be the most suitable choices for this project design.

[bookmark: _Toc512501808]6.1.1 - RTD – Resistance Temperature Detectors

RTD’s (Resistance temperature detectors) are very similar to thermistors, however as differencebetween.net explains “Thermistors are made out of ceramic or polymer while RTDs are made out of pure metals.” [27] RTD’s are often used for appliances such as kitchen appliances. Noise can be induced by the wiring connecting an RTD sensor, this can disrupt the accuracy of any results so in order to avoid this the shielding within the wire must be grounded. Shown below is an example of an RTD circuit.
[image: 2_wire]
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[bookmark: _Toc512501809]6.1.2 - Thermistors

[image: Thermistors]A thermistor is in essence a variable resistor, this is because a thermistor is a resistor of which its value is varied by temperature. The measurement of the resistance value within the thermistor can be converted into an accurate temperature value. As explained by teamwavelength.com “There are two types of thermistors: Negative Temperature Coefficient (NTC) and Positive Temperature Coefficient (PTC)”. [29]  Shown in the image to the right, there are some examples of what type of format that thermistors can appear. 

[30]















[bookmark: _Toc512501810]6.1.3 - Thermocouples

As states by sciencing.com, “Thermocouples are temperature sensors that are made from two metal alloys.” [31]Thermocouples have the ability to measure a very broad range of temperatures and with this capability these devices can be used for measuring high temperatures appliances such a water heaters. The temperature range of a thermocouple is identifiable by letters and colour codes, these letters and colour codes represent different ranges of measuring abilities as shown below.

[image: http://digital.ni.com/public.nsf/$CXIV/ATTACH-AEEE-8UDQ6E/$FILE/thermocouple%20pic.jpg]
[32]




[bookmark: _Toc512501811]6.1.4 - Temperature Sensors Comparison Table


	Parameter
	Thermistor
	Thermocouple
	RTD

	Measuring Range
	-90˚C to +100˚C
	-150˚C to +2200˚C
	-15˚C to +315˚C

	Response Time
	5s – 15s
	<1s
	2.5s – 10s

	Tolerance 
	-
	-
	0.15˚C

	Structure
	Epoxy or Glass
	Creates a Voltage across a Junction
	Coil of Wire

	Advantages
	· High Sensitivity
· Fast response time
· Low cost
	· Not Fragile
· Fast response time
· Size
	· Stable

	Disadvantages
	· Non linear
	· Less accurate 
	· Fragile
· Slow response time
· Size




Analysing the information in the above table, a conclusion can be made that each type of sensor has both advantages and disadvantages over each other. Depending on the applications and conditions of which a sensor is to be installed, a more effective method of selecting the type of sensor can be made. Assessing the information from this table it can be decided that a thermocouple and RTD type sensors will likely be the most beneficial and effective for using within this project. 










[bookmark: _Toc512501812]6.2 - Speed Sensors

A broad range of sensors can be used to measure the speed of an object and these can include optical, inductive, Hall Effect and reed switch sensors. Each type of sensor will be investigated and a comparison will be made relating to the information identified from this research. The information from the comparison of these sensors will be analysed and following this a suitable sensor type for this project will be selected. A rational will be completed to justify the choice in the selected sensor for this project.














[bookmark: _Toc512501813]6.2.1 - Optical Sensor

Optical sensors can use light to measure the speed of a rotating object, as explained by future electronics.com an optical sensor “measures the physical quantity of light and then translates it into a form that is readable by an instrument.” [33]An example of a readable instrument can include a micro controller component.

[image: ]
[34]
An optical sensor has three methods of measuring pulses, these include reflective, through beam and diffuse. The reflect method works by having an optical beam constantly reflecting to a transmitter and as elprocus.com explains, “an interruption of the light beam initiates a switching operation”, [35] It is this initiated switching that represents a break in the reflection, this creates a pulse effect. The size of the pulse will change depending on the duration time of the break in the optical reflection. The amount of pulses in a second are measured and this can then be converted into a measurement of speed.









A list of examples for different applications of where optical sensors can be used is shown below,

· Light Sensors
· Biomedical Applications
· Liquid level indicator
· Speed

[image: ]
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[bookmark: _Toc512501814]6.2.2 - Inductive Sensor

Inductive sensor are often used to measure high speed equipment, one example of this is the rotation speed of a camshaft on a vehicle. As explained by controleng.com “Inductive sensors generate a high-frequency electromagnetic field. They are typically constructed using a coil and a ferrite core” [37].A voltage in the coil can be induced by generated magnetism. The resistance value of the coil inside an inductive sensor can vary, autorepairhelp.us comments that “the lowest resistance can be about 200 ohms, as well as in some cases, the highest resistance can be up to 2.500 ohms.” [38] One method of generating a magnetism force within this sensor, is to have a metal wheel with teeth pass close to the pole pin of the sensor, an example of this method and the construction of an inductive sensor is shown below.

[image: ]

[39]

As illustrated in the image above, an AC voltage is formed within the inductive sensor. This AC waveform will change with the speed of the rotating trigger wheel. The measured waveform can be converted into a speed value, and then displayed on a LCD screen by using a micro controller circuit.









A list of examples applications where inductive sensors can be used, is shown below,
· Position detection
· Speed sensing
· Distance measurement
· Limit switching

[image: ]
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[bookmark: _Toc512501815]6.2.3 - Hall Effect Sensor

The Hall Effect sensor has an internal transistor which can become excited by a generated force of magnetism. Magnetism is generated from a reaction created by a metal object near to the sensor. If the metal object has teeth similar to a cog, these teeth will create symmetrical gaps all along the object. When the object rotates, these gaps that pass close to the sensor will break any generated magnetism being measured by the sensor. This simulation will create a measurement of pulses. An example of a similar object, could be a vehicles brake disk, azonsensors.com explains that “As the reflector wheel (the 'fingers' on the brake disk) moves against the Hall Effect sensor, the movement creates a magnetic field that generates a voltage which activates the transistor on the Hall Effect sensor” [41]
The teeth on the disk will break any measurement of magnetism from the disk to the sensor, this creates pulses. The amplitude of the pulses will always remain the same, only the speed of the pulses will alter and this will happen in harmony with the speed of the rotating disk. The number of pulses is measured in one second intervals, and the amount of pulses in an interval will represent the number of times that magnetism has been generated. The pulses can then be converted from a frequency and into a voltage, this voltage can be measured by a micro controller. A micro controller can be programmed to display the measured voltage, in a format of a value of speed. 

An example of the working principles of a Hall Effect senor is shown below,

[image: ]
[42]







Hall Effect sensors have an analogue output signal, these sensors can be used in multiple applications, allaboutcircuits.com states “These sensors may also be used for detecting the dial position in appliance and white goods applications.” [43]An example of this can include washer and dryer machines.

[image: ]
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[bookmark: _Toc512501816]6.2.4 - Speed Sensor Comparison Table

	Parameter
	Optical
	Inductive
	Hall Effect

	Input Voltage
	5V – 12V DC
	4.5V – 24V DC
	5V - 12V DC

	Output Signal
	Digital
	Analogue
	Analogue

	Structure
	· LED
	· Coil
· Ferrite Core
	· Transistor

	Advantages
	· High sensitivity
· Reliable
· Immune to electromagnetic interference
	· Easy to install
· Predictable results and performance
	· Reliable
· Fast response time
· Sensing distance

	Disadvantages
	· Costly
	· Detect metallic objects only
· Limited distance measuring
	· False triggering of a signal is possible




Reviewing the information provided in the speed sensor comparison table, a conscious decision can be made regarding the selection of a suitable sensor for this project. It can be identified from the researched information, that each sensor type has different strengths and weaknesses. Considering all advantages and disadvantages of each type of sensors, the optical sensor will be selected to be used in this project. The justification for the selected sensor consists of weighing the identified information of the optical sensor, against the conditions required of the project. The optical sensor is a more expensive option however, because it will provide a reliable and accurate reading, this sensor type will be selected.


[bookmark: _Toc512501817]Chapter 7 - Sensor Comparison
[bookmark: _Toc512501818]7.1 - Temperature Sensors
[bookmark: _Toc512501819]7.1.1 - Sensor - NDUS 7897

[image: ]The NDUS 7897 sensor is a RTD type sensor, this is has been designed with the intention of being to be used on vehicles and located in such areas as front bumpers or mirrors.
Features for this device include:
· Low Price
· High sensitivity
· Integral sealed connector
· Small size
Technical information is shown below.

[45]
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[bookmark: _Toc512501820]7.1.2 - RS Pro – PT100


The RS Pro PT100 is an RTD type sensor, this can be commonly used in applicants for measuring fluid temperatures.
[image: ]Features of this device include:
· 4 Wires
· Stainless steel probe
· Teflon insulated flexible lead

Technical details are shown below.
[47]
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[bookmark: _Toc512501821]7.1.3 - Carel - NTC015HP00

[image: ]The NTC015HP00 is a thermistor type sensor. An example of where this type of sensor can be used is air-conditioning units or fridges. 
Features of this device include:
· Probes are programmable

Further technical information is shown below.
[49]
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[bookmark: _Toc512501822]7.1.4 - Texas Instruments - LM35DZ/LFT1

[image: ]The LM35DZ/LFT1 is a RTD type sensor, this is a 3 pin device that will be soldered onto a PCB. The can be used in multiple devices, for example a printer.
Features of this device include:
· Low self-heating
· Calibrated in centigrade
· Small in size
Shown below is the technical information for this component.

[51]
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[bookmark: _Toc512501823]7.1.5 - RS Pro – K Type

The RS Pro K type sensor is a thermocouple device. This type of sensor can be used in applications such as immersion water heater tanks.
[image: ]Features of this device are shown below:
· Sheathed metal
· Bendable
· Mineral pressed insulation

Shown below are the technical details regarding this sensor.
[54]
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[bookmark: _Toc512501824]7.1.6 - Texas Instruments - LM335Z
[image: ]
The LM335z is a sensor which can be used to obtain an temperature values below 0˚C via the voltage output.





[56]
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[bookmark: _Toc512501825]7.1.7 - Temperature Sensor Comparison
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	Sensor
	NDUS 7897
	RS Pro PT100
	NTC015HP00
	LM35DZ/LFT1
	RS Pro K Type
	LM335Z

	Manufacturer
	Mouser
	RS
	Carel
	Texas Instruments
	RS
	Texas Instruments

	Sensor Type
	RTD
	RTD
	Thermistor
	RTD
	Thermocouple
	RTD

	Output Signal
	Analogue
	Analogue
	Analogue
	Analogue
	Analogue
	Analogue

	Measuring Range
	-30˚C to +80˚C
	-20˚C to +100˚C
	-50˚C to +90˚C
	-55˚C to +150˚C
	0˚C to +1000˚C
	-40°C to +100°C

	Accuracy
	±0.34
	±0.15
	±0.3˚C
	±2˚C
	±1.5˚C
	±3°C

	Supply Voltage
	5V
	5V
	5V
	+4V to +30Vdc
	+4 to +30V
	5V

	Current Draw
	2mA
	10mA
	2mA
	10mA
	10mA
	10mA

	Response Time
	Max 30s
	-
	0.15s
	-
	<2s
	-

	Price
	£
	£13.58
	£9.23
	£1.42
	£35.30
	£1.16

	Technical Document
	-
	-
	-
	Appendix Doc 6
	-
	Appendix Doc 5









Reflecting in the information contained within the above table, a conclusion can be made regarding all the compared sensors. The NDUS 7897 sensor from the Mouser manufacturer, is a suitable sensor for measuring the outside ambient air temperature. This sensor has been designed for the installation of a vehicle in mind, which will make it easier to fit to a vehicle, the sensor can also measure a suitable range of temperatures with regard to the outside ambient air. 
The RS Pro PT100 and RS Pro K type sensors both have a similar design, these sensors can be used within multiple different applications, and one example of this is measuring the temperature of a liquid such as in an emersion tank. The two sensors have a similar design, however the measuring applications are very different where the PT100 can measure up to a maximum temperature of100˚C, the K type has a greater ability of measuring temperatures in the range of 1000˚C.Reviewing this information it can be concluded that both of these sensors will not be a suitable selection for using in this project for either ambient temperature, or engine temperature.
The specifications of the NTC015HP00 sensor from the Carel company, shows potential for being a suitable sensor to use for measuring ambient air temperature. Measuring engine temperature will not be a suitable function for this sensor, this is because the design and the measuring capabilities of this sensor are not suitable. The operating temperature of the engine for this project is rated at 100˚C, whereas the measuring range of this sensor is only rated at-50˚C to +90˚C.
The LM35DZ and LM335Z are both suitable to be terminated onto a PCB. The specifications of the LM35DZ appear to be compatible for measuring both characteristics of temperature regarding to the outside ambient air temperature and engine temperature, however further investigation of the data sheet for this device provides information which identifies that this component cannot provide the capability of displaying temperatures below -0˚C. This concludes that the LM35DZ will be suitable for measuring engine temperature only, whereas the LM335Z provides the ability to display tempers below -0˚C therefore this component will be a viable option for measuring the outside ambient air temperature.





[bookmark: _Toc512501826]7.2 - Speed Sensors
[bookmark: _Toc512501827]7.2.1 - SD-VOP02-000
[image: ]

The SD-VOP02-000 is an optical sensor which produces an analogue output signal.




[58]
Technical specifications regarding this sensor are as follows,
[image: ]
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[bookmark: _Toc512501828]7.2.2 - SS495A Hall Effect
[image: ]

The SS495A Hall Effect sensor produces an analogue out signal.



[60]
The technical specifications for this sensor are shown below,
[image: ]
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[bookmark: _Toc512501829]7.2.3 - PGN-SP-002
[image: ]


The PGN-SP-002 is an open collector inductive sensor, this sensor has an analogue output signal.



[62]
Technical specifications for this sensor are shown below,
[image: ]
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[bookmark: _Toc512501830]7.2.4 - GP2Y0D02YK0F
[image: ]
The GP2Y0D02YK0F is and optical sensor, which provides a digital output signal. 


[64]
Technical data for this sensor is shown below,
[image: ]
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[bookmark: _Toc512501831]7.2.5 - LCZ260
[image: ]


The LCZ260 Hall Effect sensor has a digital output signal.



[67]
The technical specifications for this sensor are as follows,
[image: ]
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[bookmark: _Toc512501832]7.2.6 - Speed Sensor Comparison
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	Sensor
	SD-VOP02-000
	SS495A
	PGN-SP-002
	GP2Y0D02YK0F
	LCZ260

	Manufacturer
	2D
	Honeywell
	Assemtech
	Sharp
	Honeywell

	Sensor Type
	Optical
	Hall Effect
	Induction
	Optical
	Hall Effect

	Output Signal
	Analogue
	Analogue
	Analogue
	Digital
	Digital

	Supply Voltage (DC)
	10V – 30V
	4.5V – 10.5V
	4.5V – 24V
	4.5V – 5.5V
	4.5V – 26V

	Current Draw
	100mA
	1.5mA
	5.2mA
	33mA
	20mA

	Range
	30 – 120mm
	-67 to +67mT
	-
	80cm
	0.16”

	Response Time
	0.8ms
	10µs
	-
	38.3 ± 9.6ms
	4µs

	Price
	£15.49
	£2.69
	£5.24
	£7.62
	£83.70

	Technical Document
	-
	Appendix Doc 4
	-
	Appendix 
Doc 7
	-



To conclude, the information which is presented in the comparison table for speed sensors, it is identified that there are multiple options available when aiming to select a suitable sensor for measuring speed. The SD-VOP02-000 and GP2Y0D02YK0F are both optical sensors, reflecting on the information from the comparison table and the research section regarding this sensor type, it is evident that these are highly accurate sensors for measuring speed however, they require the most supply current compared to all other sensors. The SS495A is a Hall Effect sensor, this requires the least supply current however, this sensor must be located close to the object it is measuring to identify any magnetic waves. The PGN-SP-002 and LCZ260 are both induction sensors, these are also dependent on being located close to the object they are measuring. The LCZ260 is the most expensive sensor in the comparison table which is not feasible for this project.


[bookmark: _Toc512501833]7.3 - RTC’s (Real Time Clocks)
[bookmark: _Toc512501834][image: ]7.3.1 - Maxim RTC - DS3232MZ


The DS3232MZ is often used with computers and particularly modems.

Specifications are as follows:
[69]


	Attribute
	Value

	Function
	Date

	Date format
	DD:M:Y

	Time format
	SS:MM:HH

	User ram
	236B

	Pin count
	8



Further electrical characteristics are shown below.
[image: ]
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[bookmark: _Toc512501835]7.3.2 - Maxim DS1307
[image: ]

The DS1307 is a real time clock chip which is used in appliances such as computers and servers.

Specifications are as follows:

[71]
	Attribute
	Value

	Function
	Alarm, Battery backup, Calendar, Power fail. 

	Date format
	DW:DM:Y

	Time format
	HH:MM:SS

	User ram
	56B

	Pin count
	8



Shown below are the recommended operating conditions.

[image: ]
[72]





[bookmark: _Toc512501836]7.3.3 - Microchip MCP79410
[image: ]

The MCP79410 microchip is a real time clock which can be installed into computers, servers and other appliances.

Specifications are as follows:

[73]
	Attribute
	Value

	Function
	Battery backup, Calendar, NV SRAM. 

	Date format
	DW:DM:M:Y

	Time format
	HH:MM:SS

	User ram
	64B

	Pin count
	8



Shown below is the maximum ratings specified for this chip.

[image: ]
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[bookmark: _Toc512501837]7.3.4 - Real Time Clock (RTC) Comparison
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	RTC
	DS3232MZ
	DS1307
	MCP79410

	Manufacturer
	Maxim
	Maxim
	Microchip

	Supply Voltage
	+2.3V – +4.5V
	4.5V – 5.5V
	6.5V

	Current Draw
	100µA - 250µA
	300nA – 800nA
	925nA - 225µA

	Pin count
	8
	8
	8

	User Ram
	236B
	56B
	64B

	Price
	£7.43
	£4.96
	£1.08

	Technical Document
	Appendix – Doc 2
	-
	-



Assessing the information presented within the table above, a conclusion can be made regarding which real time clock (RTC) chip will be the suitable to use in this project. All the real time clocks have similar features however, the main difference between them appears to be that the price will increase when the user ram also increases. 
[image: ]Another difference between some of the RTC's is the pin type. The DS1307 has a through pin type whereas the DS3232MZ and MCP79410 have a surface mount pin type. A selection of a surface mount pin type RTC could cause issues during the testing stages, this is because the circuits will first be assembled via a breadboard during the testing stages and a surface mount pin type will not be compatible with a breadboard. The following adaptor would be a suitable choice for making these RTC's attachable to a breadboard.
[75]

[bookmark: _Toc512501838]Chapter 8 – Design and Implantation 

[bookmark: _Toc512501839]8.1 - Scope

The objective of this section is to successfully design function sensors circuits. The circuits will consist of multiple electronic components and sensors will be used to obtain a value regarding the measured characteristic. The designed circuits will provide the ability to display the measured values in real time. The displayed values of these sensors will be accurate and easily viewable to a user. 

[bookmark: _Toc512501840]8.2 - Display

The displays will be designed to work in harmony with the selected sensors, to display any information that has been obtained from the sensors. In order to use this data in the most efficient manor, it must be displayed in a way that is understandable and accessible to the user. This information can be displayed using two different methods. 
The information that can be collected by sensors and this could be beneficial to a user. It is essential for the user of the vehicle to have access to some of the measured characteristics during the use of the vehicle for legal requirements. This information can include critical elements such as the data relating to the speedometer and in some cases, the temperature readings. Information and results that the user will benefit from having in real time, will require a type of display system which is often installed into the dashboard of the vehicle, to allow the user to have access not only conveniently but safely when the vehicle is in use.
Shown below is a list of the measured characteristics within this project and their display methods.

	Measurable Characteristic
	Display Method

	Ambient Air Temperature
	LCD Display Screen

	Engine Temperature
	LCD Display Screen + Warning LED

	RPM
	LED Display System

	Speedometer
	LCD Display Screen

	RTC
	LCD Display Screen





[bookmark: _Toc512501841]8.3 - Sensor Selection

Reflecting on and analysing the background research, it was possible to make suitable choices regarding the selection of sensors for the project design. 

[bookmark: _Toc512501842]8.3.1 - Selected Sensors
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	Sensor
	LM35DZ/LFT1
	LM335Z
	SS495A
	GP2Y0D02YK0F
	DS3232MZ

	Manufacturer
	Texas Instruments
	Texas Instruments
	Honeywell
	Sharp
	Maxim

	Pins
	3
	3
	3
	-
	8

	Sensor Type
	RTD
	RTD
	Hall Effect
	Optical
	-

	Output Signal
	Analogue
	Analogue
	Analogue
	Digital
	Digital

	Measuring Range
	-55˚C to +150˚C
	-40°C to +100°C
	-67 tp +67mT
	80cm
	-

	Accuracy
	±2˚C
	±3°C
	-
	-
	-

	Supply Voltage
	+4V to +30Vdc
	5V
	4.5V – 10.5V
	4.5V – 5.5V
	+ 2.3V - +4.5V

	Current Draw
	10mA
	10mA
	1.5mA
	33mA
	250µA

	Response Time
	-
	-
	10µs
	38.3 ± 9.6ms
	-

	Price
	£1.42
	£1.16
	£2.69
	£7.62
	£7.43

	Technical Document
	Appendix – Doc 6
	Appendix – Doc 5
	Appendix – Doc 4
	Appendix – 
Doc 7
	Appendix – Doc 2








[bookmark: _Toc512501843]8.3.2 - Sensor Selection Conclusion


The LM35 sensor will be used for measuring the engine temperature. This sensor was selected because there is a broader and more suitable measuring range specified to this sensor. The LM35 is suitable because the operating temperature of the essex engine is specified from 90˚C to 110˚C, this sensor has the ability to measure this temperature range, whilst also having the ability of measuring higher a temperature range. This can be useful for identifying if the engine temperature is overheating. 

The LM335Z sensor will be selected to be used for monitoring the ambient air temperature for this project. This sensor has been selected because it has a suitable measuring temperature range for variant temperature conditions of the outside air. An example of this is that the outside air temperature can reach a range of values within -˚C or +˚C. Identified by analysing the data sheet for this sensor, it is possible that if a -˚C temperature value is measured on this sensor, the sensor will still output a positive voltage value. It is imperative to supply the PIC with a positive voltage value, because a PIC requires a minim signal voltage of +0-5V to identify a signal. The reason this sensor can display a positive output voltage whilst measuring a temperature below 0˚C, is because this sensor is actually measuring the temperature value in Kelvin and this is then converted into ˚C using a suitable formula.

With regard to measuring the RPM value of the project vehicle, the Honeywell SS495Ahall effect sensor will be selected. This sensor is a viable choice because it can be used to measure the magnetic pulses which are emitted from the voltage within ignition system. These pulses will be measured at the low end of the ignition coil, the sensor will not need to be physically attached to the coil to measure these pulses. This will avoid any damage to the circuit from high voltages within the ignition system, as well as providing an extremely accurate result of RPM from the vehicles engine.







The GP2Y0D02YK0F optical sensor will be selected to be used in this project. The rationale for the selection of this sensor includes several of the following factors. This sensor will provide a highly accurate result of speed, the output signal is a digital signal which is favoured for measuring this characteristic, and the sensor is a reasonable price. Another factor includes that this sensor can measure an object from a greater distance than the other sensor types available.

The RTC chip which will be selected to be used in the project will be the DS3232MZ, the rational for this is because the user ram is highest and although the cost is the greatest, and it will be more efficient and have a faster response time because of the increased ram. This RTC has a surface mount pin type, however a suitable adaptor has been purchased to allow this chip to be connected to a breadboard for during the testing stages of this project.












[bookmark: _Toc512501844]8.4 - PIC (Micro Controller) Selection

[bookmark: _Toc512501845]8.4.1 - Component Requirements

The following information identifies all the components which are used in this design project that require a microcontroller to function efficiently. The specifications for each component and their requirements of the microcontroller are identified in this table.
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	Component
	LM335Z
	LM35DZ/LFT1
	SS495A
	GP2Y0D02YK0F
	DS3232MZ

	Manufacturer
	Texas Instruments
	Texas Instruments
	Honeywell
	Sharp
	Maxim

	Pins
	1
	1
	1
	1
	2

	Output
	Analogue
	Analogue
	Analogue
	Digital
	Digital



[bookmark: _Toc512501846]8.4.2 - Minimum Required Specifications

	Requirement
	Total

	Supply Voltage
	5V

	Temperature Sensor
	2

	RPM Sensor
	1

	Speed Sensor
	1

	RTC
	1

	LED
	9

	LCD Display
	1

	Push Button
	2

	Virtual Terminal
	1





[bookmark: _Toc512501847]8.4.3 - PIC18F2458
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[76]
Technical details regarding this PIC are show below.
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[bookmark: _Toc512501848]8.4.4 - PIC16F877A
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[78]
The technical information for this PIC is listed below.
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[bookmark: _Toc512501849]8.4.5 - PIC32MX795F512L
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[80]
Technical information for this PIC is shown below.
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[bookmark: _Toc512501850]8.4.6 - PIC16F73
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[82]
Further technical information regarding this PIC is shown below.
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[bookmark: _Toc512501851]8.4.7 - PIC Comparison Table
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	Component
	PIC18F2458
	PIC16F877A
	PIC32MX795F512L
	PIC16F73

	Manufacturer
	Microchip
	Microchip
	Microchip
	Microchip

	Supply Voltage
	-0.3V - +7.5V
	+4V - +5.5V
	+2.3V - +3.6V
	+4V - +5.5V

	Current Draw
	300mA
	300mA
	300mA
	300mA

	Pins
	28
	40
	100
	28

	ADC Channels
	10
	8
	16
	5

	ACD Resolution
	12Bit
	10Bit
	10Bit
	8Bit

	SPI Channels
	1
	1
	4
	1

	Program Memory
	24kB, 256B
	14.3kB, 256B
	12kB, 512kB
	4K x 14 Words

	Max Frequency
	48MHz
	20MHz
	80MHz
	20MHz

	RAM Size
	2.048 KB
	368B
	128kB
	192B

	Price
	£4.82
	£5.57
	£10.18
	£3.24

	Technical Document
	-
	Appendix – 
Doc 8
	-
	-













Reflecting on the results in the above table, it can be concluded that all the compared microcontrollers have unique strengths and weaknesses. The PIC18F2458 was a strong contender when selecting a suitable microcontroller for this project design. This microcontroller was compatible in most areas, however it did not have the required number of pins to allow all designed circuits in this project to be connected. The PIC16F877A microcontroller is compatible in all areas regarding the minimum specifications of the project design. The PIC32MX795F512L has the highest parameter values of all the compared microcontrollers and this is reflected in the price. Although this is a compatible PIC, it is over specified for this project design and would be a waste of resource regarding budget costs. The PIC16F73 is the cheapest option of all the microcontrollers, however the specifications of the PIC will not be sufficient for the designed project.
The selected PIC to be used in this project design is the PIC16F877A. The rational for this choice includes its compatibility to the design, not only is it compatible but its specifications meet the minimum requirements without being to excessive. This will save on the cost of the microcontroller, whilst also ensuring that the majority of the microcontroller’s functions are being used. 









[bookmark: _Toc512501852]8.5 - Battery Selection

[bookmark: _Toc512501853]8.5.1 - Component Requirements

The table below shows all the components that have been selected to be used in this project. The specifications for each component, which relate to the requirements of the battery are identified in this table.
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	Component
	LM335Z
	LM35DZ/LFT1
	SS495A
	GP2Y0D02YK0F
	DS3232MZ
	PIC16F877A
	LED Red & Green

	Supply Voltage
	5V
	+4V - +30V
	4.5V – 10V
	4.5V – 5.5V
	+2.3V - +4.5V
	Microchip
	Kingbright

	Quantity
	1
	1
	1
	1
	1
	1
	9

	Current Draw
	10mA
	10mA
	1.5mA
	33mA
	100µA - 250µA
	300mA
	30mA

	Used Voltage
	5V
	5V
	5V
	5V
	+4.5V
	5V
	2V

	Max Current
	10mA
	10mA
	1.5mA
	33mA
	250µA
	300mA
	30mA

	Power
	50mW
	50mW
	7.5mW
	165mW
	1.1mW
	1.5W
	60mW















[bookmark: _Toc512501854]8.5.2 - Maximum Specifications

Using the information identified in the Component Requirements table, a maximum demand required from a battery can be calculated. This information is illustrated in the table below.

	Parameter
	Total

	Max Voltage
	5V

	Max Current Draw
	(624.75mA x 3)=1.87A

	Max Power
	2.31W



A compatible battery for this project, must meet the minimum requirements of the values calculated within the maximum specification table. If these minimum requirements are not met with the selected battery, it is possible the designed project will not be able to draw the required value of a parameter, be it current, wattage or voltage. This will result in the system not working efficiently which can potentially damage components, or cause the system to stop working altogether.










[bookmark: _Toc512501855]8.5.3 - Duracell RSMN1604
[image: ]

The RSMN1604 can provide the required voltage and current for this project design. This is a good quality and reliable battery, but this is not a rechargeable battery.


[84]
Some of this batteries attributes are shown below.
	Attribute
	Value

	Size
	PP3

	Chemistry
	Alkaline

	Nominal Voltage
	9V

	Capacity (1 hour)
	580mAh

	Terminal
	Standard



Further technical specifications of this battery are shown below.

[image: ]
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[bookmark: _Toc512501856]8.5.4 - Yuasa YBX3027
[image: ]
The Yuasa YBX3027 battery is designed to be used on vehicles. This is a heavy duty battery which can provide a high amount of current. The battery is relievable and has robust casing.


[86]
Attributes of this battery include,
	Attribute
	Value

	Case Type
	L2

	Chemistry
	Calcium

	Nominal Voltage
	12V

	Capacity (20 hour)
	60Ah

	Terminal
	T1



Further technical specifications of this battery are shown below.
[image: ]
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[bookmark: _Toc512501857]8.5.5 - Battery Comparison
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	Model
	RSMN1604
	YBX3027

	Manufacturer
	Duracell
	Yuasa

	Voltage
	9V
	12V

	Capacity 
	580mAh (1 hour)
	60Ah (20 hour)

	Terminal
	Standard
	T1

	Price
	£3.41
	£113.45

	Technical Document
	Appendix 3 – Doc 10
	-













Concluding the information illustrated in the battery comparison table, it is identifiable that both batteries are compatible for the designed project. There are several differences with the batteries, such as the nominal voltage, however the most noticeable difference is the capacity values. The substantial variants in the capacity of these batteries are also reflected in the cost, whereas the Duracell battery is much lower in capacity, it is also lower in cost. The Yuasa battery has a much larger capacity value, and this is also reflected in the cost of this battery.

Taking the entire design as a whole into consideration, which is not only the designed project but the vehicle and engine of which will be connected. The Yuasa YBX3027 will be the selected battery to be used. This battery will allow the designed project and the vehicle to both work off a single power source. 

The Duracell RSMN1604 will also have a critical role in this project. This battery will be used during the test stages for completing the functional testing of the prototype circuits. This battery is more suitable and practical to be used for this section of the project, because it can provide sufficient power to operate the designed circuits, whilst being practical in size and cost. One note to add with regard to using this battery for the test stages, is that two temperature sensors that are to be used in the finished design, will be switched out for the LM35 sensors during the test stages. The explanation for this change in these sensors is also related to the practicality of using these components during the test stages, however a note is being made because this change will cause a small alteration to the demands of this battery during the test stage. The maximum specification required for the testing stage is shown below.





[bookmark: _Toc512501858]8.6 - Basic Circuit Components

There are many basic components used in electronic circuits, these components can be essential for ensuring that a designed circuit functions correctly and efficiently. This section will provide background information on some basic electronic components used in this project including resistors, capacitors and diodes.

[bookmark: _Toc512501859]8.6.1 - Resistors

A resistor is a electrical component which is used in electronic circuits. This component has multiple purposed but its main function, is to reduce the flow of current within a circuit.
[image: https://cdn.shopify.com/s/files/1/1490/5112/products/02711111_00_1024x1024.jpg?v=1478046441]
[88]
A resistors value is measured in ohms, the value of the resistor can be identified by the colour bands on the resistor as shown below.
[image: http://education.rec.ri.cmu.edu/content/electronics/common/resistors/images/400px-Resistor_color_code_chart.png]
[89]
A resistor can be identified in the programs used within this project, as shown in the following table.
	Proteus
	Easy PC (Schematic)
	Easy PC (PCB)
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[bookmark: _Toc512501860]8.6.2 - Capacitors

A capacitor is an electrical component which is used in electronic circuits. This component is used to store energy such as voltage. There are many different types of capacitor, shown in the example below is a polarised electrolytic capacitor.
[image: Image result for capacitor]
[90]
A capacitor is measured in values of farad, the value of a capacitor can in most cases be identified on the physical component.

Capacitors can be identified in the programs used within this project, as shown in the following table.
	Proteus
	Easy PC (Schematic)
	Easy PC (PCB)
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[bookmark: _Toc498623295][bookmark: _Toc512501861]8.7 - Ambient Temperature Circuit

[bookmark: _Toc512501862]8.7.1 - Scope

The purpose of the ambient temperature circuit, was to collect data regarading the ambient air temperature outside of the vehicle. The collected data is recorded in a voltage value, this value is then converted to degrees centigrade by using a mathmatical formula. This formular is programmed into the software PIC, along with other programming designed to display and refresh the measured value in a set time interval, on to the LCD screen.

[bookmark: _Toc512501863]8.7.2 - Related Documents

	Appendix Document
	Description

	5
	Technical Document -LM335Z

	11
	Technical Document - Capacitors
















[bookmark: _Toc512501864]8.7.3 - Proteus Circuit Design
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	Components
	Description

	D15
	LM335Z Sensor

	R7
	100Ω (Resistor)

	R12
	5KΩ (Resistor)

	C3
	100uF (Capacitor)

	D3
	Diode


	Signals
	Input/output

	+5V
	Input

	Ambient Temperature
	Output

	GROUND
	Ground


Displayed on the left is a list of components that are within the circuit diagram.
On the right side is a list of the signals and the direction of flow.












[bookmark: _Toc512501865][bookmark: _Toc498623298]8.7.4 - PIC Programming
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[bookmark: _Toc512501866]8.7.5 - Calculations

The data sheet for the LM335Z stated that voltage will increase by 10mV for each increase of °C, the following table shows the voltage in relation to the measured temperature at 25°C.
	Measured Temp (°C)
	Voltage (V)

	25
	2.982



The measuring limits regarding the parameters of the sensor will be displayed from -50°C to +50°C. The output voltage can be predicted regarding for the actual measured temperature of the sensor by using the following calculation.

A table of predicted voltage outputs with regard to measured temperature is shown below.
	Measured Temp (°C)
	Voltage (V)

	-50
	2.482

	-40
	2.582

	-30
	2.682

	-20
	2.782

	-10
	2.882

	0
	2.982

	10
	3.082

	20
	3.182

	30
	3.282

	40
	3.382

	50
	3.482











[bookmark: _Toc512501867]8.8 - Engine Temperature Circuit

[bookmark: _Toc512501868]8.8.1 -Scope

The engine temperature circuit was designed with the aim to collect data, regarading the engine temperature of the vehicle. This data is recorded in a value ofvoltage, the data is then converted to degrees centigrade by using a suitable mathmatical formula. The circuit is connected to a PIC, and the software within the PIC has been programmed in a method that will covert, display on an LCD, and refresh the measured value of engine temperature in a timly manner.A red LED has been programmed to illuminate when the temperature exceeds 110˚C. The purpose of this LED, is to act as a warning light for when the temperature reaches what is considered as a dangerous value.

[bookmark: _Toc512501869]8.8.2 - Related Documents

	Appendix Document
	Description

	6
	Technical Document - LM35

	11
	Technical Document - Capacitors

	3
	Technical Document -LED - Red










[bookmark: _Toc512501870]8.8.3 - Proteus Circuit Design

[image: F:\Uni\USB\BEng Degree\Project\Circuits\Engine Temp\Simulation.PNG]
	Components
	Description

	U1
	LM35 Sensor

	R8
	100Ω (Resistor)

	R13
	100Ω (Resistor)

	C7
	100uF (Capacitor)

	D4
	Diode

	D14
	LED - Red


	Signals
	Input/output

	5V
	Input

	5V
	Input

	Engine Temperature
	Output

	Engine Temp LED
	Output

	GROUND
	Ground

	GROUND
	Ground



Displayed on the left is a list of components that are within the circuit diagram.
On the right side is a list of the signals and the direction of flow.









[bookmark: _Toc512501871]8.8.4 - PIC Programming
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[bookmark: _Toc512501872]8.8.5 - Calculations

The Engine temperature circuit requires a calculation to convert the measured temperature of the LM35 sensor, to a displayed temperature of value in °C. Using the information from the data sheet of the LM35, the following calculation can be used to obtain a suitable displayed value of engine temperature.























[bookmark: _Toc512501873]8.9 - Tachometer (R.P.M) Circuit

[bookmark: _Toc512501874]8.9.1 - Scope

The objective of the designed RPM circuit, was to provide the functionallity of an operation to collect and display sufficient data regarding the RPM value of the engine used within this project.The method of measuirng RPM designed in this circuit, was to collect data from the signal pulses being generated at the low end of the ignition coil. The sensor will collect this data,via the generated pulses and this data is displayed in a value of voltage. The voltage value can be converted into a measurement of RPM, by programming the PIC in a sufficient method and using a suitable mathmatical formula.

[bookmark: _Toc512501875]8.9.2 - Related Documents

	Appendix Document
	Description

	4
	Technical Document -Hall Effect

	11
	Technical Document - Capacitors

	3
	Technical Document - LED - Green

	3
	Technical Document - LED - Red














[bookmark: _Toc512501876]8.9.3 - Proteus Circuit Design

[image: ]

	Components
	Description

	U1
	Hall Effect Sensor (SS495A)

	R2
	10KΩ (Resistor)

	R3
	100Ω (Resistor)

	C1
	100nF

	D1
	Diode


	Signals
	Input/Output

	5V
	Input

	REV
	Output

	GROUND
	Ground

	GROUND
	Ground


Displayed on the left is a list of components that are within the circuit diagram.
On the right side is a list of the signals and the direction of flow.
[bookmark: _Toc498623306]




The device shown in the below figure is a pulse generator. The device is used in this circuit design, to mimic the pulses that would be generated in the ignition system of the vehicle.

[image: F:\Uni\USB\BEng Degree\Project\Images\Proteus\Rev\Pulse Generator.PNG]

The measured RPM value from this circuit will be displayed using a bank of LED’s. The engine specification identifies that 6000 RPM and above is over revving the engine, red LED’S have been used to highlight these values. Each LED represents a value of 1000RPM, the first LED will illuminate when the value of RPM is less than 1000RPM, and the following LED’s will illuminate at every additional 1000RPM. The following table shows the sequence for when the LED’s have been programmed to illuminate.
	LED
	Set Activation Value
 (RPM)
	Colour

	D5
	>0
	Green

	D6
	>1000
	Green

	D7
	>2000
	Green

	D8
	>3000
	Green

	D9
	>4000
	Green

	D10
	>5000
	Green

	D11
	>6000
	Red

	D12
	>7000
	Red



When the system first starts up, the LED’s which are used to display the RPM will all light up. The LED’s will all illuminate for 1 second, and then shut off as the system will continue to work as normal. This is done to allow a user to identify that the system now has power, and is ready to be used. 
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	Components
	Description

	R17
	100Ω (Resistor)

	R18
	100Ω (Resistor)

	R19
	100Ω (Resistor)

	R20
	100Ω (Resistor)

	R21
	100Ω (Resistor)

	R22
	100Ω (Resistor)

	R23
	100Ω (Resistor)

	R24
	100Ω (Resistor)

	D5
	LED - Green

	D6
	LED – Green

	D7
	LED – Green

	D8
	LED – Green

	D9
	LED – Green

	D10
	LED – Green

	D11
	LED – Red

	D12
	LED - Red


	Signals
	Input/Output

	5V
	Input

	LED1
	Output

	LED2
	Output

	LED3
	Output

	LED4
	Output

	LED5
	Output

	LED6
	Output

	LED7
	Output

	LED8
	Output


Displayed on the left is a list of components that are within the circuit diagram.
On the right side is a list of the signals and the direction of flow.















[bookmark: _Toc512501877]8.9.4 - PIC Programming
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[bookmark: _Toc512501878]8.9.5 - Calculations

The required measurement for RPM will be from 0RPM to +7000RPM. The engine this has been designed for is a 4 stroke 6 cylinder engine and the sensor will be connected onto the low end of the ignition coil. The engine will complete one full rotation on every 3 firing cylinders and each firing cylinder will create one pulse, therefore,



The following calculation provides a value for the number of pulses every second. 
 pulses/min
 pulses/sec

	RPM
	Pulses/Min
	Pulses/Sec

	0
	0
	0

	1000
	50
	0.83

	2000
	100
	1.66

	3000
	150
	2.49

	4000
	200
	3.32

	5000
	250
	4.15

	6000
	300
	4.98

	7000
	350
	5.81













[bookmark: _Toc498623299][bookmark: _Toc512501879]8.10 - Speedometer Circuit

[bookmark: _Toc512501880]8.10.1 - Scope

The purpose of the speedometer circuit, is to collect data regarading the vehicle speed. This is acheived by using an optical sensor circiut,and any collected data will be identified as a voltage value.The PIC can be programed using a suitable mathmatical formula to convertthe collected date from a voltage value, and into a MPH value.

[bookmark: _Toc512501881]8.10.2 - Related Documents

	Appendix Document
	Description

	7
	Technical Document -Optical Sensor

	11
	Technical Document - Capacitors














[bookmark: _Toc512501882]8.10.3 - Proteus Circuit Design
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	Components
	Description

	U2
	Optical Sensor

	R5
	10KΩ (Resistor)

	R6
	100Ω (Resistor)

	C2
	100nF (Capacitor)

	C14
	10uF (Capacitor)

	D2
	Diode


	Signals
	Input/Output

	+5V
	Input

	SPEED
	Output

	GROUND
	Ground

	GROUND
	Ground


Displayed on the left is a list of components that are within the circuit diagram.
On the right side is a list of the signals and the direction of flow.













[bookmark: _Toc512501883]8.10.4 - PIC Programming
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[bookmark: _Toc498623302][bookmark: _Toc512501884]8.10.5 - Calculations

The wheel diameter of the project car is 20”, the following calculation was used to determine the speed of the vehicle. The first part of the calculation is to identify the distance of one rotation of the wheel.


It is now possible to identify the amount of wheel revolutions in a mile. The following information and calculation was used to obtain this value.
· 1760 yards in a mile
· 3 foot in a yard
· 12” in a foot



1008.4 wheel revolutions in a mile.
The following calculation is used to identify the number of pulses every second read by the sensor which comes from the wheel. This calculation will identify a 1 minute mile.
 pulses/min
 pulses/sec
In order to provide an accurate reading, a minimum of 1 pulse a second should be obtained. The number of reflectors on the wheel can be increased to 4 for this to be achieved.
 pulses/sec
The top speed of the project vehicle 121mph, the following calculation will reflect the total number of pulses at top speed.
 pulses






[bookmark: _Toc512501885]8.11 - RTC Circuit

[bookmark: _Toc512501886]8.11.1 - Scope

The aim of the RTC circuit, is to provide a visual display of a real time clock via an LCD screen. This RTC display will include a time and date, this will be achived by using the DS3232 RTC component. The PIC will be programmed so that the time and date of the RTC will be set as the PIC is first switched on.

[bookmark: _Toc512501887]8.11.2 - Related Documents

	Appendix Document
	Description

	8
	Technical Document - PIC16F887A

	11
	Technical Document - Capacitors

	2
	Technical Document - DS3232















[bookmark: _Toc512501888]8.11.3 - Proteus Circuit Design
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	Components
	Description

	U8
	PIC16F887

	U6
	DS3232

	R9
	10KΩ (Resistor)

	R10
	10KΩ (Resistor)

	C11
	100nF (Capacitor)

	LCD2
	LCD Display


	Signals
	Input/Output

	+5V
	Input

	RTC IGN
	Input

	+3.3V
	Input


Displayed on the left is a list of components that are within the circuit diagram.
On the right side is a list of the signals and the direction of flow.





[bookmark: _Toc512501889]8.11.4 - PIC Programming
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[bookmark: _Toc498623316][bookmark: _Toc512501890]8.12 - Power Supply Circuit

[bookmark: _Toc512501891]8.12.1 - Scope

The objective for the power supply circuit, is to ensure that the designed project could function correctly with regard to the demand of power. It was essential that this circuit provided, at least the very minimum requirements specified for all electronic components within the other circuits of this project. The power supply circuit was designed with three output sources, a voltage regulator was used in the design to allow for a 5V output source, as well as a two separate 3.3V output sources, one off the battery and once after the switch.

[bookmark: _Toc512501892]8.12.2 - Related Documents
	Appendix Document
	Description

	11
	Technical Document - Capacitors














[bookmark: _Toc512501893]8.12.3 - Proteus Circuit Design

[image: ]

	Components
	Description

	B1
	Battery (12V)

	SW1
	Switch

	U7
	Voltage Regulator

	U3
	Voltage Regulator

	U5
	Voltage Regulator

	C4
	100uF (Capacitor)

	C5
	10uF (Capacitor)

	C6
	100uF (Capacitor)

	C8
	10uF (Capacitor)

	C9
	100uF (Capacitor)

	C10
	10uF (Capacitor)


	Signals
	Input/output

	5V
	Output (5V)

	RTC IGN
	Output (3.3V)

	RTC Bat
	Output (3.3V)

	Ground
	Ground


Displayed on the left is a list of components that are within the circuit diagram.
On the right side is a list of the signals and the direction of flow.
[bookmark: _Toc498623323]










[bookmark: _Toc512501894]8.13 - PIC (Micro Controller)
[bookmark: _Toc512501895]8.13.1 - Scope

The designed system will have a single PIC device. All designed circuits will be connected to this PIC. The PIC consists of multiple input and output signals. The software inside the PIC is programmed allow all circuits and components to meet the objectives of the designed project.

[bookmark: _Toc512501896]8.13.2 - Related Documents
	Appendix Document
	Description

	8
	Technical Document - PIC16F887A

	9
	Technical Document – Crystal

	11
	Technical Document - Capacitors














[bookmark: _Toc512501897]8.13.3 - Proteus Circuit Design

[image: ]
	Signals
	Pin
	Input/output

	Engine Temperature
	3
	Input

	Ambient Temperature
	5
	Input

	Speed
	39
	Input

	+5V
	1
	Input

	Rev
	40
	Input

	LED1
	19
	Input

	LED2
	20
	Input

	LED3
	21
	Input

	LED4
	22
	Input

	LED5
	27
	Input

	LED6
	28
	Input

	LED7
	29
	Input

	LED8
	30
	Input

	LED9
	4
	Input

	Crystal Circuit
	13 & 14
	Input







[bookmark: _Toc512501898]8.13.4 - PIC Programming
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[bookmark: _Toc512501899]8.14 - Diagrams

Design diagrams regarding the project have been created in this section of the report. The following illustrates the colour code for the block and structure diagrams.

[image: ]
= Components

= Circuits

= Safety Circuits

= Display Methods

= Functional Components

= Data 










[bookmark: _Toc512501900]8.14.1 - Block Diagram

A block diagram has been created regarding the design of the project, this is shown blow.


[image: ]












[bookmark: _Toc512501901]8.14.2 - Structure diagram

A structural block diagram has been created to show in detail, the complete software and design structure of this system. This diagram is shown below.

[image: ]







[bookmark: _Toc498623324][bookmark: _Toc512501902]8.14.3 - Software flow chart
[image: ][image: ]
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[bookmark: _Toc512501903]8.14.4 – Proteus Schematic
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[bookmark: _Toc512501904]8.15 - Prototype Build

A prototype is the first built design of a product and from this it can be developed into the final design. A prototype will be created for this project and will be used to test the design to ensure all components and systems work correctly, before building the final design. By identifying any issues or defects within the design once assembled into the prototype, these problems can then be rectified ad or adjusted accordingly before they are built into the final design. 
The prototype for this project will also be used as a test jig for the designed circuits, each circuit will be built on breadboards and tested using this prototype. The reason for this is to identify any faults so they can be rectified for the final design.
The prototype has been assembled and the following section will show the step by step process that was completed to assemble the prototype/test jig. The materials and parts that were used to assemble the prototype are shown in the table below.

	Parts List
	Description

	Base
	Scrap wood 

	Wishbone
	Scrap material

	Plastic Fixing
	Scrap material

	Bush 
	Used to allow the hinge to move smoothly

	M4 Screw
	Holds the hinge to the base

	Washer
	Used with the M4 screw

	Wood Screws
	Fixings

	Bracket
	Scrap wood to hold the dashboard to the hinge joint

	Capri Dashboard
	MKII Ford Capri Dashboard













Shown below is the finished assembly of the prototype, before any circuits have been installed.

[image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 10.jpg]










[bookmark: _Toc512501905]8.15.1 - Prototype Assembly

[image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 1.jpg]

Scrap wood was located and measured to be cute to size, this method saved the cost as no materials were purchased. The wood was used for the base for the test jig assembly.

[image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 2.jpg]


Shown in the image to the right is the scrap wood after it had been cut to the correct size,.








The next peace of the jig that needs to be assembled was the hinge joint. The hinge joint will be used to allow the dash to be lifted into place and also lowered back down, this will provide visibility to the connections at the back of the dashboard as well as the display at the front of the dashboard.
[image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 3.jpg]


The hinge is made of high quality materials but was obtained for free as the part was being scrapped of due to cosmetic reasons, this has also contributed to saving on costs with the assembly of the prototype. 




Shown below on the left is the hinge joint once it is fully open, shown of the left is the hinge joint when it is fully closed. The hinge is fitted into place by one M4 screw and a washer, these materials were part of the unit therefore they did not have a cost implication to the prototype.
[image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 5.jpg][image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 6.jpg]





[image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 7.jpg][image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 8.jpg]
A Ford Capri MKII dash board was purchased for the purpose or being installed into the prototype design, this was purchased second hand from eBay and cost a total of £10. 
This dashboard is an exact replica of the one fitted to the Ford Capri car in which the final design will be installed into. Using this as part of the prototype will allow for an identical comparison of that from the final design, any issue with the display identified with this prototype can be rectified on the prototype and this will reflect exactly on how they are displayed in the final design.






[image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 9.jpg]

Shown in the above image is the assembled prototype in the lowered position, this position will show any connections that have been installed into the dashboard to be used with the display.
[image: ]
Shown in the image to the right is the method used for fixing the dashboard to the hinge. These two parts were assembly by first fixing a piece of scrap wood to the hinge using two screws, the dash board was then fixed to the wood using a single screw that was fixed through the front of the dash and into this piece of wood on the hinge. The dash board is fixed securely enough to be used as a prototype.

Shown in the below image is the assembled prototype in a fully extended position, this position will show any components that will be used as display features for this design. 

[image: F:\Uni\USB\BEng Degree\Project\Images\Assembly\Jig\Image 10.jpg]

[bookmark: _Toc512501906]8.16 - Parts/Price List

	Component
	Description
	Quantity
	Individual Price
	Total Price

	Battery
	Yuasa 12V
	1
	£113.45
	£3.41

	Battery
	Duracell 9V
	1
	£3.41
	£3.41

	Rocker switch
	Ignition Switch
	1
	£0.00
	£0.00

	Voltage Regulator 
	7805 (25V-5V)
	1
	£0.65
	£0.65

	Voltage Regulator 
	7803 (25V-3.3V)
	2
	£0.50
	£1.00

	Capacitor 
	22pF
	2
	£2.39
	£4.78

	Capacitor 
	10uF
	4
	£0.20
	£0.80

	Capacitor
	100nF
	8
	£0.19
	£1.52

	Resistor
	100Ω
	13
	£0.04
	£0.52

	Resistor
	5KΩ
	1
	£0.10
	£0.10

	Resistor
	10KΩ
	4
	£0.12
	£0.48

	Diode
	1N5231B
	4
	£0.04
	£0.16

	PIC16F877A
	Micro Controller
	1
	£5.57
	£5.57

	Crystal
	20Mhz
	1
	£1.01
	£1.01

	LM335Z
	Ambient Temp Sensor
	1
	£0.89
	£0.89

	LM35
	Engine Temp Sensor
	1
	£1.24
	£1.24

	SS495A
	Tachometer Sensor
	1
	£2.69
	£2.69

	GP2Y0D02YK0F
	Speed Sensor
	1
	£7.62
	£7.62

	DS3232
	RTC
	1
	£7.43
	£7.43

	LED 
	Green
	5
	£0.17
	£0.85

	LED
	Red
	3
	£0.24
	£0.72

	LCD
	LM016L Display Screen 
	1
	£8.00
	£8.00

	Base
	Scrap wood (
	1
	£0
	0

	Wishbone
	Scrap material
	1
	£0
	0

	Plastic Fixing
	Scrap material
	1
	£0
	0

	Bush 
	Allows hinge to move smoothly
	2
	£0
	0

	M4 Screw
	Holds the hinge to the base
	1
	£0
	0

	Washer
	Used with the M4 screw
	1
	£0
	0

	Wood Screws
	Fixings
	4
	£0
	0

	Bracket
	Scrap wood 
	1
	£0
	0

	Capri Dashboard
	MKII Ford Capri Dashboard
	1
	£10
	£10

	
	
	
	Total
	£62.85







[bookmark: _Toc512501907]Chapter 9 – Testing

[bookmark: _Toc512501908]9.1 - Scope

This section of the report includes information regarding the testing of the designed circuits within this project. The objective of the testing section is to prove that the designed system works correctly. An important aim of the testing stage, is to also identify if any issues are currently present within the designed circuits. Any issues are identified during this stage can then rectified before the final design is created. The circuits have been split into sub sections of the full design, these sub sections have first been tested individually, and then as a whole. The testing for these circuits consisted of two stages, software testing and hardware testing. 
· [bookmark: _Toc512501909]Software - The software testing was completed using the Proteus software package. This testing provided vital information, which proved that the system was designed and working correctly before any components were purchased. This avoided the possibility of purchasing components which were not compatible in the design.

· [bookmark: _Toc512501910]Hardware - Hardware testing of the circuits was the second part of the testing stages. The prototype was built which was designed to mimic the inside of the project vehicle. The circuits were then assembled via a breadboard, and tested using various lab equipment which was available to use.











[bookmark: _Toc512501911]9.2 - Software Testing
[bookmark: _Toc512501912]9.2.1 - Ambient Temperature

The LCD display is programmed to display the ambient temperature value in degree centigrade. The temperature is measured by an LM335Z sensor. This test is completed with the aim to confirm that the ambient temperature circuit is working correctly. The objectives of this test are listed below.
· The measured temperature value from the LM335Z will display an accurate value of °Con the LCD display.
· The output voltage value from the sensor increases as the measured temperature increases.
Multiple tests have been completed regarding the working principles of the circuit, these have been complete at every 10°C measured by the LM335Z sensor, and these tests are detailed in the following sections.










Test 1 – (-50°C)

[image: ]
The displayed temperature and measure temperature are the same.
Test 1 – (-40°C)

[image: ]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.
Test 1 – (-30°C)

[image: ]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.

Test 1 – (-20°C)

[image: ]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.
Test 1 – (-10°C)

[image: ]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.
Test 1 – (0°C)

[image: ]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.
Test 1 – (10°C)

[image: ]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.
Test 1 – (20°C)

[image: ]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.
Test 1 – (30°C)

[image: ]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.




Test 1 – (40°C)

[image: ]

The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.

Test 1 – (50°C)

[image: ]

The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.



 Test Results

	Test Section
	Measured Temp (°C)
	Displayed Temp (°C) 
	Voltage (V)
	Result

	1
	-50
	-51
	2.23
	PASS

	2
	-40
	-41
	2.33
	PASS

	3
	-30
	-31
	2.43
	PASS

	4
	-20
	-20
	2.53
	PASS

	5
	-10
	-10
	2.63
	PASS

	6
	0
	0
	2.73
	PASS

	7
	10
	10
	2.83
	PASS

	8
	20
	21
	2.93
	PASS

	9
	30
	31
	3.03
	PASS

	10
	40
	41
	3.13
	PASS

	11
	50
	51
	3.23
	PASS



The test results show that all stages of tests were to an acceptable standard, the values were resulted as expected and therefore the tests are shown as passing. It can be identified, that only in some tests the measured temperature a single degree different from the displayed temperature, this shows that the circuit is very accurate.
Below is a table comparing the parameter results.



The measured temperature is increasing throughout the test sections, this is the expect result.




The displayed temper also increased steadily though the tests, only a single degree difference can be identified in some test sections compared to the measured temperature.

The measured voltage increases steadily throughout the test sections, this a reflection of the measured temperature increasing as these two characteristics are linked and this allow the microcontroller to identify a value of temperature.






[bookmark: _Toc512501913]9.2.2 - Engine Temperature

The LCD display has been set up to display a temperature value in degree centigrade, this is being measured by the LM35 within the engine temperature circuit. The aim of the test is to confirm that the circuit works correctly, this includes meeting the following objectives.
· The measured temperature value from the LM35 should be displayed accurately on the LCD display.
· The engine warning light (LED-RED) should illuminate once the temperature exceeds the value of 110°C.
· The output voltage value should increase as the temperature increases.
A series of tests have been completed regarding the working principles of the circuit, these have been complete at every 10°C measured by the LM35 sensor and the tests are shown in detail in the following sections.









Test 1 – 0˚C
[image: F:\Uni\USB\BEng Degree\Project\Testing\Engine temp\0.PNG]
The displayed temperature and measure temperature are the same. The voltage is measuring at 0V.

Test 2 – 10˚C
[image: F:\Uni\USB\BEng Degree\Project\Testing\Engine temp\10.PNG]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.

Test 3 – 20˚C

[image: F:\Uni\USB\BEng Degree\Project\Testing\Engine temp\20.PNG]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.
Test 4 - 30˚C
[image: F:\Uni\USB\BEng Degree\Project\Testing\Engine temp\30.PNG]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.

Test 5 - 40˚C
[image: F:\Uni\USB\BEng Degree\Project\Testing\Engine temp\40.PNG]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.

Test 6 - 50˚C

[image: F:\Uni\USB\BEng Degree\Project\Testing\Engine temp\50.PNG]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.
Test 7 - 60˚C
[image: F:\Uni\USB\BEng Degree\Project\Testing\Engine temp\60.PNG]
The displayed temperature and measure temperature are the same. The voltage is increasing with the temperature.

Test 8 - 70˚C
[image: ]
The displayed temperature is now slightly greater than and measure temperature. The voltage is increasing at the same rate of the measured temperature.

Test 9 - 80˚C
[image: ]
The displayed temperature is slightly greater than the measured temperature. The voltage is increasing with the measured temperature.

Test 10 - 90˚C
[image: ]
The displayed temperature is slightly greater than the measured temperature. The voltage is increasing with the measured temperature.

Test 11 - 100˚C
[image: ]
The displayed temperature is slightly greater than the measured temperature. The voltage is increasing with the measured temperature.

Test 12 - 110˚C
[image: ]
The displayed temperature is slightly greater than the measured temperature. The voltage is increasing with the measured temperature. The LED has now illuminated as the temperature exceeds 110°C.
Test 13 - 120˚C
[image: ]
The displayed temperature is slightly greater than the measured temperature. The voltage is increasing with the measured temperature. The LED is still illuminated.

Test 14 - 130˚C
[image: ]
The displayed temperature is slightly greater than the measured temperature. The voltage is increasing with the measured temperature. The LED is still illuminated.

Test 15 - 140˚C
[image: ]
The displayed temperature is slightly greater than the measured temperature. The voltage is increasing with the measured temperature. The LED is still illuminated.







Test 6 - 150˚C

[image: ]
The displayed temperature has slightly increased again as regards to the measured temperature. The voltage is increasing with the measured temperature. The LED is still illuminated.

















 Test Results

	Test Section
	Measured Temp (°C)
	Displayed Temp (°C) 
	Voltage (V)
	LED (Active)
	Result

	1
	0
	0
	0
	OFF
	PASS

	2
	10
	10
	0.1
	OFF
	PASS

	3
	20
	20
	0.2
	OFF
	PASS

	4
	30
	30
	0.3
	OFF
	PASS

	5
	40
	40
	0.4
	OFF
	PASS

	6
	50
	50
	0.5
	OFF
	PASS

	7
	60
	60
	0.6
	OFF
	PASS

	8
	70
	71
	0.7
	OFF
	PASS

	9
	80
	80
	0.8
	OFF
	PASS

	10
	90
	91
	0.9
	OFF
	PASS

	11
	100
	100
	1
	OFF
	PASS

	12
	110
	111
	1.1
	ON
	PASS

	13
	120
	121
	1.2
	ON
	PASS

	14
	130
	131
	1.3
	ON
	PASS

	15
	140
	141
	1.4
	ON
	PASS

	15
	150
	151
	1.5
	ON
	PASS



The results for all test sections that were completed within the Proteus software package are shown above. The results provide information of the recorded results values with regard to the different parameters which were measured within these tests. The results also show that all sections of the test have resulted in a pass, this mean the circuit is working as expected.








Shown in the column graph below, is a visual comparison of the results of the measured temperature parameters.











Show in the line graph, it can be identified that the measured temperature form the LM35 sensor increased at 10°C for each section of the test.



Identified in the displayed temperature graph, an increase of the displayed value occurs in test 8 and another in test 16. This is a normal reaction as it result of the tolerance of the sensor.




The measured voltage line graph show that value of voltage increased by 100mV during each test section. This was increasing 100mV with each increase of 10°C regarding the measured temperature.






[bookmark: _Toc512501914]9.2.3 - Tachometer

The aim of the test is to confirm that the circuit works correctly, this includes meeting the following aims and objectives. A display of the RPM value has been included onto the LCD screen for the testing purpose only, this is to show that the correct RPM value is being displayed with regard to the number of illuminated LED’s.
· The measured RPM value should be displayed accurately on the LCD display. (Test purposes only)
· The measured RPM value will be displayed via the LED display system.
· The number of pulses should increase as the frequency value increases.
· The RPM value should increase as the frequency of pulses increases.
· The output voltage value should remain the same but switch on and off with each measured pulse.
A series of tests have been completed regarding the working principles of the circuit, these have been split into two test sections (1 & 2). Test section 1 is regarding the power elements of the circuit, whereas test section 2 displays the measuring parameters of the circuit. These are shown in detail in the following sections.









Test 1.0 – Power

Test 1.1 – Circuit Off

[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Circuit less 100 no pulse.PNG]
When the circuit it turned off there is a voltage output value of 0V.
Test 1.2 – Circuit On

[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Engine off Circuit.PNG]
When the system is turned on, a voltage value of 4.82V is active within the circuit.







Test 1.3 - Start up

When the system is given initial power, all LED’s illuminate for one second and then shut off as required. 
[image: ]









Test 2.0 – Signal Measurement
Test 2.1 -<1000 RPM

[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Controll less 1000.PNG]
Frequency was set to 40Hz.


[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Osi less 1000.PNG]




A small number of pulses can be identified on the oscilloscope. 

The correct numbers of LED’s are illuminated with regard to the measured RPM value.
[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Display less 1000.PNG]
Test 2.2 - >1000 RPM

[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Controll +1000.PNG]
Frequency was set to 222Hz.


[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Osi +1000.PNG]


The number of pulses has increase with the frequency.




[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Display +1000.PNG]The value of RPM has increased with the frequency, and the correct numbers of LED’s are illuminated with regard to the measured RPM value.



Test 2.3 - >2000 RPM
[bookmark: _Toc512501915][image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Control +2000.PNG]
Frequency was set to 340Hz.


[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Osi +2000.PNG]


The number of pulses has increase with the frequency.




The value of RPM has increased with the frequency, and the correct numbers of LED’s are illuminated with regard to the measured RPM value.
[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Display +2000.PNG]



Test 2.4 ->3000 RPM
[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Control +3000.PNG]

Frequency was set to 520Hz.


[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Osi +3000.PNG]



The number of pulses has increase with the frequency.





[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Display +3000.PNG]The value of RPM has increased with the frequency, and the correct numbers of LED’s are illuminated with regard to the measured RPM value.


Test 2.5 ->4000 RPM
[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Control +4000.PNG]

Frequency was set to 700Hz.


[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Osi +4000.PNG]
The number of pulses has increase with the frequency. The measurement values have been increased on the oscilloscope moving forward, this is to make the measured data more viewable.

The value of RPM has increased with the frequency, and the correct numbers of LED’s are illuminated with regard to the measured RPM value.
[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Display +4000.PNG]


Test 2.6 - >5000 RPM
[image: ]

Frequency was set to 840Hz.


[image: ]


The number of pulses has increase with the frequency.




The value of RPM has increased with the frequency, the incorrect numbers of LED’s are illuminated with regard to the measured RPM value. D10 should be illuminated but not D11.
[image: ]







Test 2.7 - >6000 RPM
[image: ]

Frequency was set to 990Hz.


[image: ]


The number of pulses has increase with the frequency.




The value of RPM has increased with the frequency, the incorrect numbers of LED’s are illuminated with regard to the measured RPM value. D11 should be illuminated but not D12.

[image: ]






Test 2.8 ->7000 RPM
[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Control +7000.PNG]

Frequency was set to 1200Hz


[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Osi +7000.PNG]


The number of pulses has increase with the frequency.




The value of RPM has increased with the frequency and all LED’s are illuminated,this is the correct result for this measured RPM value.
[image: F:\Uni\USB\BEng Degree\Project\Circuits\REV\Display +7000.PNG]



Test Results

	Test Section
	Frequency (Hz)
	Speed (RPM)
	Voltage (V)
	LED (Active)
	Time (s)
	Result

	1
	N/A
	N/A
	N/A
	N/A
	N/A
	PASS

	1.1
	N/A
	N/A
	0V
	N/A
	N/A
	PASS

	1.2
	N/A
	N/A
	4.82
	N/A
	N/A
	PASS

	1.3
	N/A
	N/A
	4.82
	ALL
	1
	PASS

	2
	N/A
	N/A
	N/A
	N/A
	N/A
	FAIL

	2.1
	40
	240
	4.82
	1
	N/A
	PASS

	2.2
	222
	1230
	4.82
	2
	N/A
	PASS

	2.3
	340
	2040
	4.82
	3
	N/A
	PASS

	2.4
	520
	3120
	4.82
	4
	N/A
	PASS

	2.5
	700
	4200
	4.82
	5
	N/A
	PASS

	2.6
	840
	5040
	4.82
	6&7
	N/A
	FAIL

	2.7
	990
	6000
	4.82
	7&8
	N/A
	FAIL

	2.8
	1200
	7200
	4.82
	8
	N/A
	PASS



Test section 2.0 has failed to meet the requirements of the test specifications. The results indicate that section 2.6 and 2.7 have failed the test requirements, because of the number of active LEDs in these sections. 









Test Failure Actions

	Number
	Action
	Correction

	1
	Identify the defect contained in the programmed code of the micro controller. 
	Defect identified.


	2
	Correct code accordingly.
	Code amended accordingly.

	3
	Retest failed sections
	Retested sections 2.6 & 2.7 



Action 1 – Defect Identified
[image: ]
Thefault was identified within the coding of the micro controller. Each line of code shown on the illustration represents the programming of the LED's, it’s can be identified that one line of code is missing. Line 97 has slipped an LED which is why the display is illuminating multiple LED's. This is explained further in the correction.
Action 2 - Amended Code
[image: ]
Lime 97 has now been amended, it can be identified in the illustration to the right that, on line 97 the ledval was changed from 0x80; to 0xC0;. An extra line was added to the code so that all LED's could be represented individually.






Action 3 - Re-Test 2.6- >5000RPM
[image: ]

Frequency was set to 840Hz.


[image: ]


The number of pulses has increase with the frequency.





[image: ]The correct numbers of LED’s are now illuminated with regard to the measured RPM value.




Action 3 - Re-Test 2.7- >6000 RPM

[image: ]
Frequency was set to 990Hz.


[image: ]


The number of pulses has increase with the frequency.




The correct numbers of LED’s are now illuminated with regard to the measured RPM value.
[image: ]

	



Re-Test Results

	Test Section
	Frequency (Hz)
	Speed (RPM)
	Voltage (V)
	LED (Active)
	Time (s)
	Result

	1
	N/A
	N/A
	N/A
	N/A
	N/A
	PASS

	1.1
	N/A
	N/A
	0V
	N/A
	N/A
	PASS

	1.2
	N/A
	N/A
	4.82
	N/A
	N/A
	PASS

	1.3
	N/A
	N/A
	4.82
	ALL
	1
	PASS

	2
	N/A
	N/A
	N/A
	N/A
	N/A
	PASS

	2.1
	40
	240
	4.82
	1
	N/A
	PASS

	2.2
	222
	1230
	4.82
	2
	N/A
	PASS

	2.3
	340
	2040
	4.82
	3
	N/A
	PASS

	2.4
	520
	3120
	4.82
	4
	N/A
	PASS

	2.5
	700
	4200
	4.82
	5
	N/A
	PASS

	2.6
	840
	5040
	4.82
	6
	N/A
	PASS

	2.7
	990
	6000
	4.82
	7
	N/A
	PASS

	2.8
	1200
	7200
	4.82
	8
	N/A
	PASS



The results from all tests and test sections are shown in the table above, this includes the retests that were completed (Section2.6 & 2.7). The table provides the results of the recorded data regarding the different parameters which were measured for this characteristic. All tested sections have now resulted in a pass, this proves that the correction made for the faults found within test sections 2.6 & 2.7 was successful, to concluded the circuit is now working as correctly and as expected.









Shown in the line graph below, is a visual comparison of the results of the measured parameters. 












The voltage value remained the same through all sections of the test. This is expected as the frequency of pulses were increasing but not the measured voltage.




Shown in the bar Frequency bar graph regarding test section 2, it can be identified that the value was being increased at each test section. 




The RPM bar graph provides information that illiterates the increase of RPM value during each proceeding test section. 




[bookmark: _Toc512501916]9.2.4 - Speedometer

This following testis designed to confirm if the following aims and objectives have been achieved.
· The measured speed value should be displayed accurately on the LCD display in MPH. 
· The speed value should increase as the frequency of pulses increases.
A series of tests have been completed on the working principles of this circuit, this consists of 16 test sections. These are shown in detail in the following sections.

[image: ]









Test 1 – 0MPH

[image: ]
Frequency was set to 0Hz.


[image: ]


The number of pulses is0 which is a reflection of the value of frequency.




The displayed MPH is 0.

[image: ]
Test 1 – 10MPH

[image: ]
Frequency was set to 110Hz.



[image: ]

The number of pulses has increased as a result of the increasing frequency.



The displayed MPH has increased as the number of pulses has increased.

[image: ]



Test 1 – 20MPH

[image: ]
Frequency was set to 240Hz.


[image: ]


The number of pulses has increased as a result of the increasing frequency.




The displayed MPH has increased as the number of pulses has increased.

[image: ]


Test 1 – 30MPH
[image: ]

Frequency was set to 350Hz.


[image: ]


The number of pulses has increased as a result of the increasing frequency.



The displayed MPH has increased as the number of pulses has increased.

[image: ]


Test 1 – 40MPH

[image: ]
Frequency was set to 470Hz.



[image: ]

The number of pulses has increased as a result of the increasing frequency.



The displayed MPH has increased as the number of pulses has increased.

[image: ]


Test 1 – 50MPH
[image: ]
Frequency was set to 580Hz.


[image: ]

The number of pulses has increased as a result of the increasing frequency.




The displayed MPH has increased as the number of pulses has increased.

[image: ]




Test 1 – 60MPH

[image: ]
Frequency was set to 700Hz.


[image: ]


The number of pulses has increased as a result of the increasing frequency.



The displayed MPH has increased as the number of pulses has increased.
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Test 1 – 70MPH
[image: ]

Frequency was set to 800Hz.



[image: ]


The number of pulses has increased as a result of the increasing frequency.


The displayed MPH has increased as the number of pulses has increased.
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Test 1 – 80MPH

[image: ]
Frequency was set to 920Hz.
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The number of pulses has increased as a result of the increasing frequency.



The displayed MPH has increased as the number of pulses has increased.

[image: ]



Test 1 – 90MPH

[image: ]
Frequency was set to 1020Hz.
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The number of pulses has increased as a result of the increasing frequency.



The displayed MPH has increased as the number of pulses has increased.
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Test 1 – 100MPH

[image: ]
Frequency was set to 1140Hz.



[image: ]

The number of pulses has increased as a result of the increasing frequency.




The displayed MPH has increased as the number of pulses has increased.
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Test 1 – 110MPH
[image: ]

Frequency was set to 1300Hz.


[image: ]

The number of pulses has increased as a result of the increasing frequency.




The displayed MPH has increased as the number of pulses has increased.
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Test 1 – 120MPH

[image: ]
Frequency was set to 1400Hz.



[image: ]

The number of pulses has increased as a result of the increasing frequency.




The displayed MPH has increased as the number of pulses has increased.
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Test 1 – 130MPH

[image: ]
Frequency was set to 1500Hz.



[image: ]

The number of pulses has increased as a result of the increasing frequency.



The displayed MPH has increased as the number of pulses has increased.
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Test 1 – 140MPH

[image: ]
Frequency was set to 1600Hz.



[image: ]

The number of pulses has increased as a result of the increasing frequency.




The displayed MPH has increased as the number of pulses has increased.

[image: ]



Test 1 – 150MPH

[image: ]

Frequency was set to 1700Hz.

[image: ]

The number of pulses has increased as a result of the increasing frequency.




The displayed MPH has increased as the number of pulses has increased.

[image: ]



Test Results

	Test Section
	Frequency (Hz)
	Speed (MPH)
	Voltage (V)
	Result

	1
	0
	0
	4.81
	PASS

	2
	110
	10
	4.81
	PASS

	3
	240
	19
	4.81
	PASS

	4
	350
	30
	4.81
	PASS

	5
	470
	41
	4.81
	PASS

	6
	580
	51
	4.81
	PASS

	7
	700
	60
	4.81
	PASS

	8
	800
	71
	4.81
	PASS

	9
	920
	80
	4.81
	PASS

	10
	1020
	89
	4.81
	PASS

	11
	1140
	101
	4.81
	PASS

	12
	1300
	112
	4.81
	PASS

	13
	1400
	123
	4.81
	PASS

	14
	1500
	130
	4.81
	PASS

	15
	1600
	142
	4.81
	PASS

	16
	1700
	151
	4.81
	PASS



The results of the speedometer circuit show that the circuit is working to an acceptable standard. Identified in the details of these results, it can be seen that the speed increases with the increasing frequency value, whereas the voltage remains the same throughout the tests. This is the correct outcome of this circuits tests, therefore all sections have resulted in a pass.












Shown below is a comparison table of the measured frequency and speed.












Identified in the frequency table, it can be identified that the frequency has increased during every test stage.





The speed increased during every test stage. This is a direct results of the increasing frequency.




The voltage remained the same throughout all tests. This is because the varying speed was a result of change in frequency only.
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The aim of the tests regarding the RTC is to confirm that the circuit as designed and meets the following list of objectives.
· The correct orientation of units is being displayed via the LCD screen.
· When each field reaches the maximum set parameter value, it then restarts the count in the required fields.
· Confirm the battery is allowing the RTC to store the set data after the system is turned off at the ignition switch.
The following sections show the results of this test.












Test 1 – Power

	
	Voltage (V)
	Result

	VCC
	3.3
	3.3
	PASS

	Vbat
	3.3
	3.3
	PASS



The power supply testing was successful, because the correct voltages were supplied to the correct PINs of the RTC. The system was switched on and the time/date was set, the system was then turned off for 10 seconds and then back on to test if the battery backup was working correctly and this was successful.

Test 2 – Programming

	 
	Time
	Date
	Result

	Display Format
	HH
	MM
	SS
	DD
	MM
	YY
	PASS

	Parameters
	00 - 23
	00 - 59
	00 - 59
	01 - 31
	01 - 12
	00 - 99
	PASS



The orientation of the time and date is being displayed via the LCD screen correctly. The parameter fields would count up to the maximum set parameter and then reset to the minimum set parameter. Once a field had reached its maximum value and the reset, all other required fields would also reset or count correctly as designed. 

[image: ]
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The aim of the tests regarding the power supply circuit is to confirm that the circuit works correctly and meets the following objectives.
· When switch is in off position, 0V’s is measured in both sections of the circuit.
· When switch is on, 12V’s is measured at the 12V output signal.
· When switch is on, 5V’s is measured at the 5V output signal.
A on and off test was completed for this circuit, these tests and their results are shown in detail in the following sections.











Test 1.0 – Power
Test 1.1 – Circuit Off

[image: ]

When the switch is in an open position, the circuit is isolated from the battery and in the off position. During this off position, it can be identified that both output signals within the circuit (12V & 5V) have 0V’s measured.




Test 1.2 – Circuit On

[image: ]

When the switch is in the closed position, the circuit is connected to the battery. The output signals both have a measured value of voltage. The 12V signal has a measured voltage of +12V, whereas the 5V signal have a measured voltage of +5V, this is because the 5V signal is positioned after a voltage regulator which is designed to drop the voltage from 12V to 5V.







Test Results

	
	Test Section
	Voltage (V)
	Result

	Signal-5V
	1
	N/A
	PASS

	
	1.1
	0
	PASS

	
	1.2
	5
	PASS

	Signal-RTC IGN
	1
	N/A
	PASS

	
	1.1
	0
	PASS

	
	1.2
	3.3
	PASS

	Signal-RTC BAT
	1
	N/A
	PASS

	
	1.1
	0
	PASS

	
	1.2
	3.3
	PASS



The results for the completed test sections regarding this circuit are shown in the above table. The results provide details of the recorded parameters vales for each signal and test section. The tests for this circuit are proved to be working as expected, this is identified by the pass result for all test sections and signals.








The signal-5V graph shows that 0V was measured during test section 1.1 and 5V measured during test section 1.2. This was the correct outcome for this signal.




The signal RTC IGN column graph shows that during test section 1.1 the measured value of voltage was 0V and test section 1.2 had a measured value of 3.3V. This was the correct result for this signal.



The signal RTC BAT column graph shows that during test section 1.1 the measured value of voltage was 0V and test section 1.2 had a measured value of 3.3V. This was the correct result for this signal.

[bookmark: _Toc512501919]9.3 - Hardware Testing

[bookmark: _Toc512501920]9.3.1 - Ambient Temperature

	
	Conductor
	Visual Inspection
	Polarity
	Continuity
	Resistance (Ω)
	Result

	Circuit
	Input
	COMPLETE
	YES
	YES
	1.1
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.2
	PASS

	
	Ground
	COMPLETE
	YES
	YES
	1.1
	PASS
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	Conductor
	Visual Inspection
	Polarity
	Continuity
	Resistance (Ω)
	Result

	Circuit
	Input
	COMPLETE
	YES
	YES
	1
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.4
	PASS

	
	Ground
	COMPLETE
	YES
	YES
	1
	PASS

	LED 9
	Input
	COMPLETE
	YES
	YES
	0.9
	PASS

	
	Output
	COMPLETE
	YES
	YES
	100.1
	PASS
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	Conductor
	Visual Inspection
	Polarity
	Continuity
	Resistance (Ω)
	Result

	Circuit
	Input
	COMPLETE
	YES
	YES
	1.1
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.5
	PASS

	
	Ground
	COMPLETE
	YES
	YES
	1.1
	PASS

	LED 1
	Input (Vcc)
	COMPLETE
	YES
	YES
	1
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.6
	PASS

	LED 2
	Input (Vcc)
	COMPLETE
	YES
	YES
	1
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.7
	PASS

	LED 3
	Input (Vcc)
	COMPLETE
	YES
	YES
	1
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.6
	PASS

	LED 4
	Input (Vcc)
	COMPLETE
	YES
	YES
	0.9
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.6
	PASS

	LED 5
	Input (Vcc)
	COMPLETE
	YES
	YES
	0.9
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.6
	PASS

	LED 6
	Input (Vcc)
	COMPLETE
	YES
	YES
	0.9
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.7
	PASS

	LED 7
	Input (Vcc)
	COMPLETE
	YES
	YES
	0.9
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.6
	PASS

	LED 8
	Input (Vcc)
	COMPLETE
	YES
	YES
	0.9
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.6
	PASS











[bookmark: _Toc512501923]9.3.4 - Speedometer

	
	Conductor
	Visual Inspection
	Polarity
	Continuity
	Resistance (Ω)
	Result

	Circuit
	Input
	COMPLETE
	YES
	YES
	1
	PASS

	
	Output
	COMPLETE
	YES
	YES
	99.3
	PASS

	
	Ground
	COMPLETE
	YES
	YES
	1
	PASS
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	Conductor
	Visual Inspection
	Polarity
	Continuity
	Resistance (Ω)
	Result

	Circuit
	Input (Vcc)
	COMPLETE
	YES
	YES
	0.9
	PASS

	
	Input (Bat)
	COMPLETE
	YES
	YES
	0.8
	PASS

	
	Output (SCL)
	COMPLETE
	YES
	YES
	1.2
	PASS

	
	Output (SDA)
	COMPLETE
	YES
	YES
	1.2
	PASS

	
	Ground
	COMPLETE
	YES
	YES
	1
	PASS
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	Conductor
	Visual Inspection
	Polarity
	Continuity
	Resistance (Ω)
	Result

	Circuit
	Signal-5V
	Input
	COMPLETE
	YES
	YES
	0.7
	PASS

	
	
	Output
	COMPLETE
	YES
	YES
	1.3
	PASS

	
	
	Ground
	COMPLETE
	YES
	YES
	0.7
	PASS

	
	Signal-RTC IGN
	Input
	COMPLETE
	YES
	YES
	0.7
	PASS

	
	
	Output
	COMPLETE
	YES
	YES
	1.1
	PASS

	
	
	Ground
	COMPLETE
	YES
	YES
	0.7
	PASS

	
	Signal-RTC BAT
	Input
	COMPLETE
	YES
	YES
	0.8
	PASS

	
	
	Output
	COMPLETE
	YES
	YES
	1
	PASS

	
	
	Ground
	COMPLETE
	YES
	YES
	0.8
	PASS
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Shown in the image below is complete system design, it has been connected to a bread board for testing purposes. The system can be now be powered up and tests can be completed to reflect the software testing, for example the confirmation of the correct voltages and currents at different points of the system. The programmed coding of the microcontroller can also be tested by connecting an LCD screen and then testing the set parameters regarding the characteristics set for each circuit, these should be identified through the LCD display or LED display systems as was in the Proteus software.
[image: C:\Users\p152107\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_20180420_152648.jpg]

[image: C:\Users\p152107\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_20180420_152642.jpg]

[bookmark: _Toc512501927]9.4.1 – Power Test

A full system power test was completed. This was acheived by using testing equipment before attaching a battery to the system. The reason for this is that the testing equipment allows the ability to slowly increase the current being supplied to the system, if an error has occured on the system this equipment will show a warning light to identify that the current limit has been exceeded. The system can then be switched off and the circuit can be rechecked for any errors. A battery cannot not offer this feature and this can result in damaging components on the system when using a battery, this is because it will continue to draw current even when a fault is present and without the ability to alarm the tester of the fault.
Shown below is the system power test results when the system switch (Ignition switch) is in the off position.
[image: C:\Users\p152107\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_20180420_134351.jpg]

The following image shows the system power test results when the system switch (Ignition switch) is in the on position.
[image: C:\Users\p152107\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_20180420_134357.jpg]


The battery was connected and the system was switched on, a test was then conducted to confirm the correct voltage being supplied from the battery.

[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_103628.jpg]

The test shows that 8.38V is being supplied to the system from the battery. The following image shows the LED which is connected directly to the power suppler, this was added for the testing purposes, so it is visually identfieable when the system is switched on.

[image: C:\Users\p152107\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_20180420_134513.jpg]


The VDD pins on all critical components were tested to ensure the correct voltage was being supplied to these pins.
Microcontroller  

PIC16F877
· PIN 1 – VPP = 5V
[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_103701.jpg]

· PIN 11 – VDD = 5V
· PIN 32 – VDD = 5V
[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_103723.jpg]
[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_103711.jpg]



Ambient Temperture 

LM335Z
· PIN 2 – Input = 4.6V
[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_104656.jpg]

Engine Temperature 

LM35
· PIN 1 - +VS = 5V
[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_103938.jpg]


Tachnometer

Hall Effect
· PIN 1 – Input = 5V

[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_103825.jpg]

Speedometer

GP2Y0D02YK0F
· PIN 1 – Input = 5V

[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_103923.jpg]

RTC 

DS3232
· PIN2 – VCC = 3.28V
[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_103739.jpg]

· PIN6 – VBAT = 3.27v

[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_103755.jpg]
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The LCD display screen would not display any values or uits of measurments, instead it displayed black squares throughout the screen. The contrast was checked on the screen using a 10K pot and it was confirmed that this was not the error. The display of the LCD at this point in shown in the following image, and this is likely due to a error with the initialising of the PIC.

[image: C:\Users\p152107\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG_20180420_134533.jpg]












To confirm if the system was working as designed and that the PIC was not initialising correctly, the engine temperature circuit was powered up and the output voltage was measured in two different conditions. The first condition included measuring the output voltage of the LM35 when the sensor was at room temperature, this displayed a value of 200mV. In the second condition the sensor was then disconnected and heated up, once the temperature of the sensor had increased sufficiently, it was then reconnected and the output voltage was measured immediately, this displayed a value of 260mV. 

[image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_105051.jpg][image: C:\Users\antho\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20180422_104647.jpg]

The results of this test prove that the sensor is working correctly and as designed. If the PIC was initialising correctly and running the program designed on the simulation on the Proteus software, the output voltage from the LM35 would be converted into a temperature value and displayed on the LCD screen as intended at a value of 20˚C for 200mV and 26˚C for 260mV.
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The project to date has been successful in achieving the majority of the set aims and objectives therefore, in this projects entirety it is a reasonable conclusion to regard this project as successful. The achieved aims and objectives are the following.
1. Provide a visual indication that the system is running
2. Provide the correct power requirements throughout the system
3. Include a ambient outside air temperature sensor
4. Include a Engine temperature sensor & warning light
5. Include a Tachometer Sensor with LED display system
6. Include a speedometer 
7. Include a real time clock (RTC)
8. Include an LCD display screen
9. All parameter values should be designed to the specifications of the selected project vehicle
The exception to the achieved objectives of this project was with regard to objective 10 which was the communication test between the micro controller and the hardware system. The software design on Proteus works correctly and displays zero errors. Once the system was physically connected via a breadboard, and the identical coding from the Proteus deign is transferred to the physical PIC, the system does not appear to be initiating the coding contained within the PIC. This theory was however backed up by testing the individual circuits to ensure they were obtaining the correct output values with regard to the results reflected in the testing section of this report.
The data obtained from the tests completed on the designed project, backs up the research conducted within the background research section of this report. This refers to the information in chapter 5 and 6 regarding the measurable characteristics of a vehicle and sensor research, but also the information contained within chapter 7, specifically the details of the sensors which were selected within this project.
The project outcome was as expect, however if able to start over from the beginning, the following changes would be made to improve the overall project success.
·  Increased time scale to complete the project.
· The selection of a through pin RTC chip opposed to the selected surface mount, this would simplify the assembly of the test jig.
·  Conduct further research on PIC programming to achieve a better understanding.
· Purchase all software regarding the project, so it could be used outside of university.

[bookmark: _Toc512501930]Chapter 11 – Conclusion & Recommendations

It can be concluded that the project as a whole, was overall successful in achieving the majority of the set aim and objectives. The introduction and planning sections of the project report included a S.W.O.T analysis, it can now be concluded that the information contained within the S.W.O.T analysis was reliable. This resulted in setting out goals which would be achievable for this project, and these goals were achieved with the exception of the communication test of the physical design.
The background research section of this report provided vital information and details with regard to the selected project vehicle, this allowed the measured parameters to match that of the vehicle which resulted in the display of accurate data. The survey also provided the desired method of displaying data regarding different measurable characteristics of a vehicle, this had a large influence on the design work of the project.
Chapter 5 through to 7 contains information that provided the knowledge and understanding which was required to make this a successful project. This included research on the measurable characteristics of vehicles, the types and working principles of sensors and the selection of sensors with details of their parameters. 
Concluding the design and implementation section of this report provides in detail the complete assembly and working principles of the finished project. The calculations and coding regarding the circuits allowed the set goals to be achieved. The diagrams provide information on the structure and software route of the project. A price and components list reflects on the capacity of the finished design.  
This project provides multiple benefits which are directly linked to the selected vehicle, these include providing the ability measure a greater amount of characteristics of the vehicle than what was originally available from stock. The extra features include measuring the RPM of the vehicle, and the outside ambient air temperature. Another benefit involves the improvement of original features such as a speedometer, the original feature was less accurate regarding the displayed value of MPH.
Persons, whom are interested in improving or upgrading their own vehicle or even for a business, can benefit from this project. This project contains detailed information both in literature description and data format, being in tables and graphs. A reader can use this information to gain knowledge and understanding of work relating to this project.
One possible expansion for this project is regarding the method of storing the information. A feature could be added to the system to allow information to be saved and stored on an internal data base system, this can then be accessed via a computer system or equivalent device once the user requires or deems it necessary to access this information .This can include all the data measured by the sensors over a timed period, but also allows scope for additional information can be stored internally, for example the chassis or engine number of a vehicle. 
Another expansion which would be viable for this project, is the increased number of sensors installed onto a vehicle. The PIC has remaining PINs which were not used, therefore it would be possible to add additional circuits to the PIC, thus the overall project. The additional circuits can include, but are not limited to, suspension monitoring, fuel gauge, wiper system, etc.
A selection of a PIC that has an internal oscillator could be an improvement to this system, and there are two main reasons for this. One reason is that it would allow the system to function whilst using less components overall, thus saving space on a final PCB design, and this is because it will removed the requirement of using an external crystal and two capacitors regarding the crystals load capacitance, as well as the potential for needing a series resistor. The second reason includes the elimination of any potential errors that could occurring with either the design, or the components regarding the external crystal connecting to the PIC.
An improvement to the engine temperature circuit is optional. This involves the engine temperature sensor to specifically be measuring the oil temperature within the vehicle, and not the cooling fluid or outer casing of the engine. This would be an improvement because the sensor will acquire a more accurate value regarding the engine temperature of the vehicle, and this is because it takes longer for the oil to come up to operating temperature than the coolant or engine casing.
A recommendation for improvement regarding the speedometer sensor circuit and display, can achieved within this project. The improvement involves programming the PIC to provide an option to display the vehicle speed in both miles per hour and kilometres per hours. Reflecting back on information within the research section of this report, it can be identified that this would be a suitable feature for vehicles manufactured post 01/04/1984.
The issue with the PIC not initializing correctly in the physical system is a loose end that could be addressed in the future. The fact that this system and all the coding works correctly in simulation via the Proteus software, indicates that this is likely to be a small discrepancy within the coding regarding the time the PIC is initializing. There is a small possibility that this issue is linked to an error, or fault within the external crystal circuit, however this was investigated and the data sheets were reviewed, but no evidence from this information indicated that this was the root cause of the issue.

[bookmark: _Toc512501931]Chapter 12 - Reflection

With the completion of past electrical based qualifications including the electro technical apprenticeship NVQ level 3 and then onto the foundation degree in electrical and electronic engineering, I felt that this course was a suitable choice for the next challenge. Reflecting on the project as a whole it has been a challenging, but an extremely rewarding experience. 
This course allowed me to push boundaries and experience new levels of the electrical field, along with entirely new subjects to me. I have thoroughly enjoyed my experience all throughout the course and this course has given me a positive outlook for when applying for jobs within the electrical industry.
I have learned that within myself, I can achieve this level of work with the correct attitude and support. This course has inspired a new level of confidence within myself, and it will benefit me in the future with not only my professional progression, but with all aspects of my left.
Although I feel a great amount of achievement and satisfaction from the completion of this project. The experience gained from this course leads me to believe that I could have done better with regard to the project. I believe that would I have felt the level of confidence I feel at the end of this course, I could have applied myself better and achieved more. This is not a negative view as I reflect back on the project, because I know that to this had to be endured for me to reach this level of understand about myself. 
Overall the achievement of this course has been one of the most difficult, but rewarding challenges I have faced. I do feel that if I were to achieve a superior job of this project upon completion, I would accept the challenge without trying to progress in my job at the same time. I feel with doing this I made it even more of a challenge than if I focus on the course first, and then proceeded with progressing through my working career.
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	Document No.
	Component

	1
	Voltage Regulator

	2
	RTC

	3
	LED

	4
	Hall Effect

	5
	LM335Z

	6
	LM35

	7
	Optical Sensor

	8
	PIC16F877A

	9
	Crystal

	10
	9V Batter

	11
	Capacitor





Measured Temp & Displayed Temp
Comparison
Measured Temp	
-50	-40	-30	-20	-10	0	10	20	30	40	50	Displayed Temp	
-51	-41	-31	-20	-10	0	10	21	31	41	51	Test

Temperature
˚C


Measured Temperature

-50	-40	-30	-20	-10	0	10	20	30	40	50	Test

Temperature
(˚C)

Displayed Temperature

-51	-41	-31	-20	-10	0	10	21	31	41	51	Test

Temperature
(˚C)

Measured Voltage

2.23	2.3299999999999987	2.4299999999999997	2.5299999999999998	2.63	2.73	2.8299999999999987	2.9299999999999997	3.03	3.13	3.23	Test

Voltage (V)

Age of Participants
Participants	
17-20	21-25	26-35	36-50	51-70	70+	8	17	27	33	11	3	Age Group (Years)

Number of Participants

Gender of Participants
Male 	Female	66	44	
Measured Temp & Displayed Temp
Comparison
Measured Temp	
0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	Displayed Temp	
0	10	20	30	40	50	60	71	80	91	100	111	121	131	141	151	Test

Temperature
˚C


Measured Temperature 

0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	Test

Temperature
(˚C)

Displayed Temperature

0	10	20	30	40	50	60	71	80	91	100	111	121	131	141	151	Test

Voltage
(˚C)

Measured Voltage

0	0.1	0.2	0.30000000000000032	0.4	0.5	0.60000000000000064	0.70000000000000062	0.8	0.9	1	1.1000000000000001	1.2	1.3	1.4	1.5	Test

Voltage
(V)

Driving Experience Time
of Participants

0-10	11-20	21-30	31-40	41-50	50+	9	15	21	22	19	14	Years

Number of Participants

Participants Required to Wear Prescription Lenses
Results	
Yes	No	27	73	
Precipitants Whom Wear
Hearing Aid

Yes	No	9	91	


Test 2.0 - Comparison Results
Measured Speed (RPM)	
2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	240	1230	2040	3120	4200	5040	6000	7200	Measured Frequency (Hz)	
2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	40	222	340	520	700	840	990	1200	Measured Voltage (V)	
4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	Test Section



Test 1.0 & 2.0 - Voltage

1.1000000000000001	1.2	1.3	2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	0	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	4.8199999999999985	Test Section

Voltage
(V)

Test 2.0 - Frequency
Measured Frquency (Hz)	
2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	40	222	340	520	700	840	990	1200	Test Section

Frequency
(Hz)

Preffered Display for RTC 
(Real Time Clock)

Digital	Analog	88	12	
Number of Participants

Test 2.0 - RPM
RPM	
2.1	2.2000000000000002	2.2999999999999998	2.4	2.5	2.6	2.7	2.8	240	1230	2040	3120	4200	5040	6000	7200	Test Section

Speed
(RPM)

Preffered Display for RPM

Digital	Analog	48	52	
Number of Participants

Preffered Display for Speed

Digital	Analog	77	23	
Number of Participants

Preffered Display for Temperature

Digital	Analog	64	36	
Number of Participants

Participants Whom Feel Recording Data will be Beneficial  

Yes	No	18	82	
Frequency and Speed Comparison Table
Measured Frequency (Hz)	
0	110	240	350	470	580	700	800	920	1020	1140	1300	1400	1500	1600	1700	Measured Speed (MPH)	
0	10	19	30	41	51	60	71	80	89	101	112	123	130	142	151	Test Section



Frequency

0	110	240	350	470	580	700	800	920	1020	1140	1300	1400	1500	1600	1700	Test Section

Frequency
(Hz)

MPH

0	10	19	30	41	51	60	71	80	89	101	112	123	130	142	151	Test Section

Speed
(MPH)

Voltage

4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	4.8099999999999996	Test Section

Voltage
(V)

Signal-5V
Voltage	
1.1000000000000001	1.2	0	5	Test Section

Voltage
(V)

Signal-RTC IGN

1.1000000000000001	1.2	0	3.3	Test Section
Voltage
(V)
Signal-RTC BAT

1.1000000000000001	1.2	0	3.3	Test Section
Voltage
(V)
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23  void ambient_temp(void)

wE

238

239 unsioned long value;

240 signed long temp;

261 iftambient_fiag)

w8

263 set_ade_channel(3), Ensures that the PIC is measuring from the.
244 correct pin (Pin - RAVANSIVREF+).
25 delay_us(10) Sets 3 delay of 10 micro seconds.

265 valve = read_ade();

267

25 temp=-51;

29 value=(value-£55), st the zero @-50

250 valuel=2, 1/ Correct the value to ensure an accurate display
251

22 tompe=value;

253

254 led_gotoxy(5,2); Positioning the Ambient Temperatur
255 115 displayed via the LCD display screen.
25

257 Display the “Temp* on the LCD screen
25

259

20 ambient_flag=0;

21 3
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198 _ void engine_temp(void)
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SEEERREREE

212

213/
214
215

218
219

220
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22
223
224
225
225
221
228
220
230
231
232
233
234

unsigned long value;
unsigned long temp;
iftemp_fiag)

set_ade_channel(1);

delay_us(10)

value = read_adc();

Ied_gotoxy(11,1);

printi(Sslun* valve);

temp=(valuerso);
value-stemp;

print(d_putc, Tery

ivalue>220)

AL (valuer2);

output ow(PN_A2);

ese output_ high(PI_A2):

1 Ensures that the PIC is measuring from the correct pin
(Pin3 - RAVANY).
1/ Sets 3 delay of 10 micro seconds.

11 Positoning of which the Engine Temperature will be
oisplayed on the LCD display screen.

1/ When the temperature value i displayed as over 50
then -1, this will show an accurate measument.

1/ The displayed text on the LCD screen will show “Temp"
and then 2 unts ofthe displayed temperature value.
/Divide the displayed valus by 2 o show 2 accurate
oiplayed value for engine temperature in degree C

1/ (Operating temperature of engine is 100 degrees C,
Mherefore the measured value at 50% should reifect

1 value of 100 degree C inthe display).

1/ When the measured temperature value from the LM35 s
greater that 55 (110 Displayed Value) tis will turn on

e LED (Warning light.

1/ When the measured tmperature is equal to orIess than 55,
the LED (Warning light) will remain off.
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151  void revs_mph(void)

unsioned nt value,speed;
unsigned nt edval<0xf;

foat mph=0;
ilag)
i
value=counter, 11getthe interrupt counter REVS
speed=counter2; /gt the interrupt counter Speed
counter=0; reset he interrupt counters
counter2=0;
flag=0; 1 restart he timer and counter
ivalues0)  ledval<Oxfe;  /lluminate LEDT
Hivalue>8)  ledval<Oxic;  /lluminate LED to LED2
ivalue>16) ledval<0xis,  /lluminate LED to LED3
Hivalue>2¢) ledval0x0,  / lluminate LED to LED
ivalue>32) ledval<0xel;  / lluminate LED to LEDS
ivalue>40) ledval<0xcl;  / lluminate LED to LEDS
ivalue>48) ledval0xg0;  /lluminate LED to LEDT

i(value>S6) ledval-0x00;  /lluminate LEDT to LEDB.
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float circum=((wheel_diameter *3.141593)/36);
float clicks = (1760°cpr)icrcum;

fioat cick_per_sec=clcks/3500;

4 circumfernce of tyre in yards
/clicks per mile assuming based
on clck per revolaton of wheel
U clicks per second per mph
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mph=(speed-2)/cick_per_sec; # mph calculation.

print( <peed = %1\, speed<2);
rint("cick per sec %ot click_per_sec):
PN( speedcalcmspeedeu 2/ by %A1 cpsialrinlc speed,clck_per_sec);

output_d(ledval);
Ied_gotoxy(1,1); 1 Position of isplayed spesd on the LCD screen
print(ice_putc, S64Lu"(long) value*120);  / Display om

Ied_gotoxy(25,2); 1 Position of isplayed spesd on the LCD screen
printflcd_pute, 1P = %3.07,mph); Display Speed
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265 void set_ck_default(void)

®E

FREEIIIFAIEN

2c_stary);
2c_wrie(0xd0);
2c_wrie(0x00);
time
2c_wrie(0x00);
2c_wrie(0x00);
12¢_write(0x69);
2c_write(0x21);
ndate
2c_wrie(0x02);
2c_wrie(0x16);
2c_wrie(0x04);
2c_wrie(0x18);
2cstop();
delay_ms(300);

175end start condition
175end chip adaress with write
radress to be writen to

et seconds o 00
st the minutes to 00

st the hours 000 10~ 12hours — Spm -
st the hours 000 10— 24hours — Spm -

56t day to Monday.
et date to 16-4-18
et date o 16-4-18
et date o 16-4-18

s38
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284  void RTC Display(void)

wsE (
258
257
258
289
200
291
202
295/
208
295
2%
27
258
299
300
201
02
03 7
308
205
208
207
208
309

unsigned nt seconds=0,minutes=0 hours=0,day=0,date=0,month=0,year=0;

2c_stary);
2c_wrie(0xd0);
2c_wrie(0x00);
2c_star();
2c_write(0xd1);
read from the chip
seconds=2c_read(1);
minutes=i2e_read(1);
hours=2c_read(1);
day=2c_read(1);
date=2c_read(1);
month=i2c_read(1);
year-2c_read(0);
2_stop();
hours=(hours & 0x31);
hours={hours & 0x1);

I %625 %25 %2% — %5 — %ok %65

Ied_gotoxy(21,1);

prinflcd_putc, %2 %2 % 2%

delay_ms(300);

175end start condition
175800 chip adaress with write
radress to be read from
/send start condition
175800 chip adress with read

1/read seconds with ack
1read mins with ack
/read hours with ack
1/read day number with ack
/read date with ack
/read month with ack
1/ read year with nack

eliminate the top 2 bits 124 Hours clock
eliminate the top 3 bits 1/ 12 hours clock

. hours minutes seconds,day,date month year);
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#include <main.h>
#define LCD_ENABLE_PIN PN_B3
#define LCD_RS._PN PIN_B1
#define LCD_RI_PN PIN_B2
#define LCD_DATAS PN_CO
#define LCD_DATAS PN_C1
#define LCD_DATAG PN_C2
#define LCD_DATAT PN_CS.

#incude <foath>
#inclde <ed >

#defne wheel_dameter 20 wheel diameter in inches
#define cor ¢ puises per wheel rev
chartime [ = TIE

char calendarf] = DATE: /20

unsioned ints i, second, minute, hour, date, month, year:
unsigned nt counter=0,flag=0 timer=0 emp_flag=0,ambient_flag=0 counter2=0;

char c1lag=0,c2flag=0;

void revs_mph(voic)
void engine_temp(void);
oid ambient_temp(void);
void RTC_Display(vod);
void set_ck_defaul(void);

unsigned nt ed(intntnt;

float ircum=((wheel_diameter *3.141593)136);
float clicks = (1760°cpr)icrcum;

float click_per_sec=cicks/3500;

1 circumternce oftyre n yards
/clicks per mile assuming based
on clck per revolaton of wheel
1 clicks per second per mph
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r
void main()
B¢
Setup_adc_ports(ANO_AN1_ANG),
‘Setup_sdc(ADC_CLOCK_INTERNAL);

‘Setup_fimer_O(RTCC_NTERNALIRTCC_DIV_IRTCC_8 by, //51.2 us overfiow
‘setup_fimer_2(T2_DIV_BY_16,244,1 1764 s overfiow, 12.5 ms nterrupt

1 enable_interrupts(INT_EXT);
‘enable_interrupts(NT_RB);

‘enable_interrupts(NT_THERZ);
‘enable_interrupts(GLOBAL),

prinf(cd_pute,

output_high(PIN_B4);
output_high(PIN_BS);

output_d(0x00);
delay_ms(1000);
output_d(0x77);
prinf(cd_pute
o set_clk_default(); 1/ set default clock time.
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revs_mph();
engine_temp();
ambient_temp();
RIC_Display();

elay_ms(5);
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151

152 voidrevs_mph(void)

1838 {

unsioned nt value,speed;
unsigned nt edval<0xf;

foat mph=0;
ilag)
i

value=counter, 11getthe interrupt counter REVS

speed=counter2; /gt the interrupt counter Speed

counter=0; reset he interrupt counters

counter2=

flag=0; 1 restart he timer and counter
ivalues0)  ledval<Oxfe;  /lluminate LEDT
Hivalue>8)  ledval<Oxic;  /lluminate LED to LED2
ivalue>16) ledval<0xis,  /lluminate LED to LED3
Hivalue>2¢) ledval0x0,  / lluminate LED to LED
ivalue>32) ledval<0xel;  / lluminate LED to LEDS
ivalue>40) ledval<0xcl;  / lluminate LED to LEDS
ivalue>48) ledval0xg0;  /lluminate LED to LEDT

174 Hivalue>56) ledval0x00;  / lluminate LED to LEDS.
‘mph=(speed'2)icick_per_sec; #/mph calcuation.
prinf(‘speed = %0l speed'2);
" printf("clck per sec %M lick_per_sec);
Print( <peedcalo-specdu 22/ by %7 <ol speed,click_per_sec);
output_d(ledval);
Ied_gotoxy(1,1); 1 Position of isplayed spesd on the LCD screen
/ printf(icd_putc. %4Lu" ((long) value*120)):  / Display rpm
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1 Position of isplayed spesd on the LCD screen
Display Speed
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199 _ void engine_temp(void)
2008 ¢
201
unsigned long value;
unsigned long temp;
iftemp_fiag)

<

set_ade_channel(1);

o

delay_us(10)
value = read_adc();

BEIFARER

210

Ied_gotoxy(11,1);

7 prin(Sluinvalue);
temp=(valuerso);
value-stemp;

printlcd_putc, Terp = %2L1 " (valuer2));

ifivalue>220)  output_low(PN_A2)

ese output_ high(PI_A2):

temp._flag=0;
3

1 Ensures that the PIC is measuring from the correct pin
(Pin3 - RAVANY).
1/ Sets 3 delay of 10 micro seconds.

11 Positoning of which the Engine Temperature will be
oisplayed on the LCD display screen.

1/ When the temperature value i displayed as over 50
then -1, this will show an accurate measument.

1/ The displayed text on the LCD screen will show “Temp"
and then 2 unts ofthe displayed temperature value.
/Divide the displayed valus by 2 o show 2 accurate
oiplayed value for engine temperature in degree C

1/ (Operating temperature of engine is 100 degrees C,
Mherefore the measured value at 50% should reifect

1 value of 100 degree C inthe display).

1/ When the measured temperature value from the LM35 s
greater that 55 (110 Displayed Value) tis will turn on

e LED (Warning light.

1/ When the measured tmperature is equal to orIess than 55,
the LED (Warning light) will remain off.
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237  void ambient_temp(void)

2wE ¢

23

240 unsioned long value;
241 signed long temp;

262 iftambient_fiag)
228

244 set_ade_channel(3);
25

268 delay_us(10)

27 valve = read_ade();
268

249 temp=-51;

250 value=(value-£55),
251 valvel=2,

252

252 tompe=value;

250

255 led_gotoxy(5,2);
256

257

258

259

260

261 ambient_flag=0;
262 3

253 3

Ensures that the PIC is measuring from the.
Jcorrect pin (PinS - RAS/ANSIVREF+).
Sets 3 delay of 10 micro seconds.

st the zero @-50
1/ Correct the value to ensure an accurate display

Positioning the Ambient Temperatur
175 displayed via the LCD display screen.

Display the “Temp* on the LCD screen
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265 void set_clk_default(void)

B

BREEEEEYSENINSERER

2c_stary);
2c_wrie(0xd0);
2c_wrie(0x00);
time
2c_wrie(0x00);
2c_wrie(0x00);
12¢_write(0x69);
2c_write(0x21);
ndate
2c_wrie(0x02);
2c_wrie(0x16);
2c_wrie(0x04);
2c_wrie(0x18);
2cstop();
delay_ms(300);

175end start condition

/500 chip adress

with write

radress to be writen to

et seconds o 00

st the minutes to 00

st the hours to 00
set the hours to 00

56t day to Monday.
et date to 16-4-18
et date o 16-4-18
et date o 16-4-18

10~ 12nours —Spm-
10~ 24nours —Spm-

s38
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284 void RTC Display(void)

wsE
25
27
28
289
20
201
22
2 7
200
205
26
267
28
2
300
301
302
03/
304
05
06
207
08
209

unsigned nt seconds=0,minutes=0 hours=0,day=0,date=0,month=0,year=0;

2c_stary);
2c_wrie(0xd0);
2c_wrie(0x00);
2c_star();
2c_write(0xd1);
read from the chip
seconds=2c_read(1);
minutes=i2e_read(1);
hours=2c_read(1);
day=2c_read(1);
date=2c_read(1);
month=i2c_read(1);
year-2c_read(0);
2_stop();
hours=(hours & 0x31);
hours={hours & 0x1);

175end start condition
175800 chip adaress with write
radress to be read from
/send start condition
175800 chip adress with read

1/read seconds with ack
1read mins with ack
/read hours with ack
1/read day number with ack
/read date with ack
/read month with ack
1/ read year with nack

eliminate the top 2 bits 124 Hours clock
eliminate the top 3 bits 1/ 12 hours clock

R %2 %25 %24 % %%, hours minutes, seconds, day, date, month,year);

led_gotoxy(21,1);
prinflcd_putc, %2 %2 % 2%
delay_ms(300);

hours,minutes seconds date, month year);
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The ambient air temperature sensor is
located behind the bumper or grill of
many vehicles. This sensor is also
called the outside air temperature
sensor.

Ambient Temperature Sensor
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Technical data

Parameter min  type max.

Feature Integrated temperature

Pressure range kPa (p;...p:) 20 300

Operating temperature [N c 40 +130

Supply voltage (1 min) v, v 45 5 55

Current input at Uy =5V I ma 6 B 125

Load current at output I mA el 05

Load resistance to Uy or ground Rors kO s &80

Load resistance to U or ground Roctdom Q. 10 100

Response time Toso s 1

Voltage limitation at U =5 V - lower limit v 025 03 035

Voltage limitation at U = 5 V - upper limit v 475 48 485
it data

Supply voltage [ 16

Storage temperature c 40 +130

Temperature sensors

Measuring range B o 40 +130

Measurement current mA 11

Rated resistance at +20 °C () 2545%

Temperature/time constant Ter s 107)
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Technical Specifications

Mechanical Data

Malethread M2
Wrenchsize 19mm
Installaton torque: 15N
Weightwfowire 268

Seang Notincluded
Electrical Data

Characteristc e
Nominal esistance at 20°C 25K0hm s 5%
Characteristic

Accuracy at25°C 14t
Accuracy at 100°C s34t

Responsetime au63instilva- <10
tor

Characteristic Application

Tre R{oWm]
40 45313
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[Type Material [color Code [Range (°)
Thermocouple| Positive | Negative
Minimum | Maximum
Grade Wire Wire
] i [Bonaani % o |
Chromel | Alumel *% -200 1250
copper | constantan % a0 | w0
E Chromel | Constantan *% -200 300
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1. Sensor housing

2. Output signal wires

3. Coaxial coated protection
4. Permanent magnet

5. Inductive coil

6. Pole pin

7. Trigger wheel

G. Air gap
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Specifications
R®@ 77°C(25°C)
10k0215%

B (25/85)°C

39573990

Operating Temperature
S0 tosoc

Storage Temperature
o tos0C
Temperature Accuracy
sose2sc

NTC Part Number

NDUS 7897

Response time

Maximum 30 seconds (in airl
Housing Material
Polyomide 6/6

Weight

285 grams
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RTD 95 x 50. Pt100 . 3 wires . Length 1.5m
RANGE :
207/ s100¢
UsE:
universal
KEY POINT -
Fisible
SPECIFICATIONS:
PTI000 thermic lement A Class - 13 wires
Tip protectorn SS304L
Catle 3 conductrs solted PYC/PVC
Hexagons!crmping
DIMENSIONS:

Tip protector length = S0mm
Tip protsto diameter - S
Total ength ¢ + cabl)  1500mm
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Attribute Value.

‘Sensor Function Temperature
Output Type Voltage
Interface Type Analogue
Accuracy 2
Mounting Type Through Hole
Pin Count El

Minimum Operating Temperature 0c
Operating Temperature Range. 55 +150°C
Maximum Operating Temperature “100°C
Minimum Operating Supply Voltage: av

Maximum Operating Supply Voltage N
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PARAMETER VALUE

Accuracy a1 25°C 05C

‘Accuracy from -85 °C 10 150°C s

Temperature Siope 0mvre
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RANGE :
o/ 1000

UsE:
Unverssl

KEY POINT:
Reagent, Strong with adjustable processfiting

‘SPECIFICATIONS ©
Thermocouple K type (NCr-N-A)
Ungrounded ho unction.

‘Sheath materia - 5310

Mineral pressed insultion

Bendabie

BONhesd

Process connecton lding fiting 1/4” B5PP

DIMENSIONS:

Lengih = 250mm
Diameter = 6mm
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Attribute. Value

‘Sensor Function Temperature.
Output Type Voliage.
Interface Type Analogue
Accuracy sC
Mounting Type ‘Through Hole:
Pin Count 3

Minimum Operating Temperature “0°C
Operating Temperature Range 40— +100
Maximum Operating Temperature

Minimum Operating Supply Voltage. sV

Maximum Operating Supply Voltage Y
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‘Swiching Distance
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Technical specifications

‘Eloctrcal charactoristies
Supply voltage
Beam spot dameter:
Distance.
Diameter &
Switching requency
Response time.
Curtent consumption
Votage drop.
Maximum swiching curent
Hysteresis
Temperature it
Type of lght
‘Short circut proct
Reverse polarity proof

<
8

3exiizFil

1030

0 75 12
4 6 10

<ts

840 (red ight)
Yes
Yes

Wechanical charactarisiics
Dimensions.
Measuring distance
Minimum deteciable objects
Weignt
‘Cable & connector

Type

Wie cross section

Length

Connector (standard)

Environmental data
Prolecton ciass
Ambient operating range
humidiy

e

e

#3

s2c16x12
18120

Approx 14
PUR

Binder 719 4PM

1Pe7
2510460
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Attribute.

Output Type

‘Supply Voltage

Terminal Type

‘Switching Current

Length

Width

Deptn

Dimensions

Maximum Operating Temperature

Minimum Operating Temperature

Value

Ratiometic

45-105Vdc

o8

15mA

4.08mm

amm

16mm

406x3x16mm

+150C

-40°C
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Attribute.

Body Styie

Output Type

Terminal Type

‘Supply Voltage

Length

Width

Deptn

Maximum DC Voltage

Mounting Type

1P Rating.

‘Switching Current

‘Standards Met

Minimum Operating Temperature

Maximum Operating Temperature

Value

Block

3-Wire Open Collector

Wire Lead

45-24Vac

17.27mm

21.72mm

23mm

20v.

Flange Mount

1PX5

s2mA

IEC 529

-40°C

w55
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Attribute

Peak Sensor Distance

Mounting Type

Dimensions

Height

Lengtn

Maximum Operating Temperature:

Minimum Operating Temperature

Width

Output Signal Type

Operating Temperature Range

Value.

s0em

Surface Mount

37 x13x216mm

216mm

37mm

-80°C

-10°c

13mm

Digital

10— +60°C
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B Absolute Maximum Ratings (T:=25C Vee=5V)
Parameter Svmbol | Ratine | Unit
Supply voltage Ve | 0307 [ v
Output terminsl voltage Vo [ 030Ver03| v
Operatng temperature T | 0w | C
Storage temperature Ty -40to +70 C
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Characteristic Minimum | Maximum Unit Condition
‘Supply voltage. 45 2 Vac -

‘Supply current - 20 mA load = infinty, Vo = 26
Reverse polarity 3 - Vac -

Output sinking - 20 mA 0.4V max. shor circult protected
Voltage low - 04 v 2130 mA max. sink
Voltage high - 30 Vac -

Duty cycle 20 80 % within operating gap
Operating frequency o 15k e 10 orlentation required
Output signal iseffal tme - 40 s 880 Ohm, 20 pF
Dislectrc strength 200 - Vac <2 mA leakage
Operation gap - - - at gaps below curve (see Figure 3)
Outputimpedance a1 53 kOhm -

Operating temperature range 40 40] 125 [257] CrA -

‘Storage temperature - 125 [257) CrA -

Sealing P68

Shock 50G. 11ms -

Vibration 15 G, 10 Hz 10 2000 Hz -

Housing material stainless steel -
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PARAMETER SYMBOL. CONDITIONS MIN_ TYP MAX | UNITS
" Veo 25 53 as |
Supply Votage Vear 25 30 45
07x Veg +
Logic 1 Vi s ot v
Logic 0 Vi 03 03ty

Vee





image62.png




image63.png
PARAMETER SYMBOL | CONDITIONS [ MIN TYP  MAX [ UNITS
‘Supply Voltage Voo 45 50 55 V)
Logic 1 Input Vi 22 Veet03] Vv
Logic 0 Input Vi 03 +08 V)
Vaur Battery Voltage Varr 20 3 35 V)





image64.png




image65.png
Vvee.
Allinputs and outputs (except SDA and SCL) wit. Vss.
‘SDA and SCL wirt. Vss.

Storage temperature.

Ambient temperature with power applied.

ESD protection on all pins.

6.5V

08V toVee +1.0V.

06VI0B5V

65°C 10 +150°C.

-40°C 10 +125°C.
2 A





image66.png




image2.png
Tachnometer Circuit
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RIC Circuit

Power Supply Circuit

PIC Design

Proteus Schematic

Easy PC Schematic

PCB Design

Prototype Design

Parts

Test

Software Testing

Hardware Testing

Conclusion
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