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1. Abstract
 In this report I have been given the task to design a device that is capable of measuring distances using Ultrasonic transducers. This will need to be a hand held device with a power source from lithium- ion batteries, which can be re-charged by a standard USB connection. This report will be made up of different sections, which will be evidently showing my understanding of the methodology and practicality of how Ultrasonic is used for measuring distances. 
2. Introduction
 In this Introduction I will be providing a basic explanation of how a ultrasonic hand-held distance measuring device functions. Firstly when the button is physically activated the micro controller will send a signal to the ultrasonic transmitter, the signal then transmits through the ultrasonic transmitter which is then converted from an electrical signal into a pulse, while this transpires a timer is set to zero and will begin timing when the first burst is produced. The ultrasonic transducer will then produce 8 pulses at a frequency that will be roughly the same as the resonance frequency of the transducers. Following on, when the pulses have then made contact with the object they will be reflected back, these will then be received by the ultrasonic receiver. The number of pulses between each set of bursts is what is used to calculate the distance, the micro controller uses the time to calculate the distance. Once the distance has been calculated the measured distance will be shown on the given display. 












3. Literature Survey
3.1 Existing products that perform a similar measurement function
 In the market of ultrasonic distance measurement devices there are many different types, these can be from very basic to high tech measurement device, as the technicality greatens obviously the cost rises as well. I will now show the technical aspects of two different types of ultrasonic distance measurement devices one with a low cost and basic design and another with a higher cost and more technical design while comparing the differences. 
 Firstly the low cost and basic design that I have chosen is known as a distance meter as shown below in figure (1)[3]. The specifications are also shown below in figure (2)[3]. 
 As shown in Figure 3 this type of ultrasonic meter is cheap, it costs £15.98. The physical is good as it is a small object (8 x 7.2 x 4 cm / 3.1 x 2.8 x 1.6 inches) and will be easy to carry around and store in a pocket. This type of design is powered by a 12V alkaline battery which is not included. As shown in figure 2 [3] the meter has a few features, a laser pointer for direction use, level bubbles, the ability to choose what unit metre/feet,  LCD screen with LED backlight within and also auto power off. According to [3] amazon, the results have a tolerance of +/- 0.5% / 1cm and the measuring range is 0.5 ~ 18 m / 1.5 ~ 60 f. 
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(Figure 1) [3] Amazon.
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Description automatically generated]The second option I found was for the higher cost and more technical type of ultrasonic distance meter was the Stanley 0-77-018 Distance meter. This distance meter is more costly than the previous but it has many more features to use. The cost of the Stanley meter is £54.50, this is nearly £40 more than the previous design. The features this meter has, are shown in figure 4, the different features to the previous design is that it can calculate the area/volume for the user, it can also gives an option so the user can calculate the perimeter of an area, it shows the last three results on the display for quick reference, the meter can reach up to 40’, it also has a tolerance of +/-0.5% and it is powered by a 9V battery in comparison to the previous 12V. 





Figure 3 [9]
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3.2 The theory behind using sound as a measurement method
3.2.1 Ultrasonic transducers and associated drive and receive circuitry.
  In regards to what ultrasonic is, it is when an electrical signal is converted into a sound wave. According to [1]  Alan S. Morris & Reza Langari (13.10) the ultrasonic element is formed as a crystal in a casing, the type of crystal is called a piezoelectric crystal. There are two ways the element can perform, it can either work as a receiver or a transmitter of sound waves. The range of frequency that these elements operate in is between the ranges of 20KHz and 15MHz, the wave produced is known as ultrasonic waves which are also known as ultrasound. The reason it is known as ultrasound is because the range of frequencies are so high they exceed the audible capabilities of humans, this is because a humans range is 20 to 20KHz. There are many different applications as well as distance measurement where ultrasonic is used for within the measurement field, according to [1]  Alan S. Morris & Reza Langari a few of the applications are liquid levels, fluid flow rates and translational displacements.  Below figure 2 illustrates what a ultrasonic element/sensor appears like.
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(Figure 2) [1]  Alan S. Morris & Reza Langari (13.10)
  Another type of ultrasonic element that is also mentioned by [1]  Alan S. Morris & Reza Langari (13.10) is a capacitive ultrasonic element, similar to the piezo crystal type it can transmit ultrasound waves by a varying voltage signal applied to it, these can also be used in the reverse direction as a receiver. The capacitive ultrasonic element is made up to two conducting layers with a thin dielectric membrane in between. These can range from 30kHz to 3 MHz .
3.2.2 Direction And Transmission Of Ultrasound Waves.
 Ultrasound waves can be affected by certain factors which can then effect the final reading/measurement, when the waves are transmitting through the air it could be affected by the temperature, humidity, and turbulence of the air. Temperature can affect the result the most out of these factors because if the temperature is too high it wall cause more vibrations so the waves will move quicker, compared to if it was colder that the average working temperature causing the waves to move slower. According to [1]  Alan S. Morris & Reza Langari (13.10.1) the calculation for the velocity of the wave with a temperature correction would be as follows where:
[bookmark: _Hlk123342129]•     V= Velocity 
· T= temperature
•     331.6 = Given Velocity for Air ( shown in figure 3 )
•     0.6 = given set multiplier of T
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Figure 3 [1]  Alan S. Morris & Reza Langari (13.10.1)
 The humidity of the air has some impact of the ultrasonic waves but not a lot as an example if the humidity was 40% the velocity transmission would only increase by 1.4%.
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Description automatically generated] The air turbulence and air pressure does not have much effect on the waves at all unless there was little bursts of temperature change within it. 
  In regards to the direction of travel of the waves according to [1]  Alan S. Morris & Reza Langari (13.10.2) the peak of the wave is called the direction of travel, this is because the peak of the wave will be in the straight line sight, the way witch the ultrasonic element is facing. The attenuation of the wave is measured in decibels (d.B) by the angle at which a point of the wave is at from the ‘direction of travel’, as the angle increases the d.B value is smaller. According to [1]  Alan S. Morris & Reza Langari (13.10.2) a 40kHZ cone has a transmission cone of +/- 50 º and a 400kHz has a transmission cone of +/-3º, this meaning that the higher the frequency the smaller the transmission size/angle of the cone resulting in a quicker attenuation of the wave. Figure 4 illustrates a wave with the ‘ normal direction’ with the angle by attenuation(d.B). 





Figure 4 [1]  Alan S. Morris & Reza Langari (13.10.2)
3.3 Suitable PIC microcontrollers and their relevant internal modules
 In regards to PIC microcontrollers there are many options that are available. I have used a website called ‘Microchip’, they have a wide range of PIC microcontrollers suited for different applications. There was three PIC’s that I have found that would suit my design, more information will follow. 
PIC16F18026
 The first PIC that I came across was the PIC16F18026, this PIC, could work well with my design as it has many features that would help with limiting the use of individual components within the circuit, this PIC has 49 instruction which is more than enough for the commands that will be needed, an adjustable oscillator, PWM which could aid in producing a pulse for the transmission signal. This PIC also has a watchdog timer, this can help with the design with helping the device with freezing. This PIC also had analogue to digital convertor (ADC) which will help with the temperature sensor and received signal, the operating Voltage of this device is also good as it has a range of 1.8V to 5.5V and I am planning to have a device powered of 5V. This PIC has EEPROM, this will assist in keeping memory even when the device is switched off, for example with the last fifteen readings that were recoded are kept and can be seen every time the device is on. Lastly the cost of the PIC is the lowest of the three this would aid in being cost effective to the design. 
Cost = £0.79p
· Enhanced Mid-range Core with 49 Instruction, 16 Stack Levels
· Adjustable Internal Oscillator (up to 32MHz)
· 3x 10-bit PWMs
· 2x Capture, Compare, PWM (CCP)
· 8-bit Digital to Analog Converter (DAC)
· Zero Cross Detect (ZCD)
· Windowed Watchdog Timer (WWDT)
· Peripheral Pin Select (PPS)
· Enhanced Power-On/Off-Reset
· Low-Power Brown-Out Reset (LPBOR)
· Programmable Brown-Out Reset (BOR)
· In Circuit Serial Programming (ICSP)
· 10-bit ADC with Computation (ADCC)
· PIC16F18026 (1.8V – 5.5V)
· Data EEPROM
[4]



PIC18F15Q41
The Second PIC that caught my eye was the PIC18F15Q41, this pic also has many features built in that would aid my design in limiting component use to keep the cost down, the cost of this PIC was higher than the first one, it was £1.35p. The PIC18F15Q41 a big oscillator which will aid my design in giving a high range of frequencies that can be used for the design, it also has a 4KB of SRAM and 512B of EEPROM which is more than enough for this device. This device also has ADC’s, PWM’s and even Comparator which will help with the receive signal and calculating the distance. 
Cost = 1.35p
· 64 MHz internal oscillator
· Up to 4 KB data SRAM
· 512B data EEPROM
· OPA
· Two 8-bit buffered DACs
· 12-bit ADCC with up to 17 channels
· Four DMA channels 
· Three 16-bit dual PWMs 
· Four CLCs
· Three CWGs
· Two analog comparators
· ZCD
· 32-bit CRC
· WWDT
· PPS
[4]















PIC16F18856
 The Third PIC that I came across was the PIC16F18856, this PIC stood out to me because of how many analogue peripherals it had within, [5] Microchip says this chip is a feature rich device that suits energy efficient and low cost sensor applications.  The PIC16F18856 like the other two PIC’s have many features that will aid with the design and save space and cost and will increase speed such as the adjustable internal oscillator which will supply the circuit with the 40kHz frequency needed, the CCP will be used to capture the time of the receive signal and to drive the pulses to the transmitter. It has many ADC channels which will help with the inputs from the buttons on the device and from the temperature sensor analogue signal, it has flash memory, and EEPROM, this will help with storing previous results and with the results of the length, width and heights so areas and volumes can be calculated. The program memory is 28KB and the CPU speed is 8 MIPS, these both are enough for my design, the operating voltage is also within the tolerance of my battery which is 3.4V. This PIC seems like a very good choice to use in my design. 
Cost for = £1.46p
· Enhanced Mid-range Core with 49 Instruction, 16 Stack Levels
· Adjustable Internal Oscillator (1-32MHz)
· 2x 10-bit PWMs
· 5x Capture, Compare, PWM (CCP)
· Complementary Waveform Generator (CWG)
· Numerically Controlled Oscillator (NCO)
· 4x Configurable Logic Controller (CLC)
· 10-bit ADC with Computation (ADC2)
· 5-bit Digital to Analog Converter (DAC)
· Data Signal Modulator (DSM)
· Zero Cross Detect (ZCD)
· Cyclical Redundancy Check (CRC/SCAN)
· Windowed Watchdog Timer (WWDT)
· Peripheral Pin Select (PPS)
· Enhanced Power-On/Off-Reset
· Low-Power Brown-Out Reset (LPBOR)
· Programmable Brown-Out Reset (BOR)
· In Circuit Serial Programming (ICSP)
· PIC16LF18856 (1.8V – 3.6V)
· PIC16F18856 (2.3V – 5.5V)
· Flash
· Program Memory Size (KB)	28
· CPU Speed (MIPS/DMIPS)	8
· Data EEPROM (bytes)	256
· Timers	3 x 8-bit - 4 x 16-bit
· Stand alone PWM	2
· Number of ADCs	1
· ADC Channels	24
· Max ADC Resolution (bits)	10
· Number of Comparators	2
· Temp. Range Min.	-40
· Temp. Range Max.	125
· Operation Voltage Max.(V)	5.5
· Operation Voltage Min.(V)	1.8
· Pin Count	28
· Low Power	Yes
· I2C	2 -I2C
[4]
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3.4 Display devices
 In electronics there are a very wide range of display devices that can be applied to many different applications, for this design I will show two examples that I found would suit the ultrasonic distance meter the best, one was the Liquid crystal display (LCD) and the second was the seven segment Light emitting diode display (LED display). 
 The LCD type is made out of Liquid crystal which was discovered by Freidrich Reinitzer in 1888, but it was not used for LCD production until 1960s. According to [7] John, although a small margin the LCD has a lower power consumption than the LED, while the LCD will take up to Micro watts to work the LED will perform at Milli watts. An LCD is made with a Liquid crystal layer in between a Negative electrode film behind and a positive electrode film in front of the liquid crystal layer. An advantage of using an LCD is that you can implement more than just numerical read outs, letter configurations can easily be read out, also on some models even showing the battery charge, ambient temperature and even the date in the corner of the screens.
The seven segment LED display is a small conductor that glows when a voltage source is applied to it. [8] Mithun says, that the seven segment LCD displays are commonly known as SSD’s. This type of LCD display are used for numerical readouts, as they have seven segments shaped into an number eight shape, this then gives the display the availability of illuminating sequences for numbers up from 0-9. This type can be used for letter configurations but is not regularly used for this due to some letter not being easily recognisable when readout. LED display are used for many applications such as LED clocks, timers, digital scales and many more. 
To compare both types of displays while both are built in different ways the new LCD are built with LED’s in their design. According to [8] Mithun the old type LCD’s were made with fluorescent lamps behind the liquid crystal, while some still re manufactured like this the majority are manufactured using LED’s. Below is two Images showing an LCD (figure 8) and a seven segment LED display (figure9). 
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Figure 8 [8] RS Components 

                                                               Figure 8 [8] RS Components 
3.5 Li-ion battery technology USB charging methodologies.
 The lithium-ion battery are widely used across the world, due to their excellent energy storage technology they are used for a power source for mobile phones to even cars. According to [6] Christopher D and Chao-Yang Wang li-ion batteries have a big cycle life and low discharge rate of 0.5-3% per month. This is a good aspect to have when designing the ultrasonic distance meter due to the user possibly not using the device continuously, meaning the battery will still be available for example if the user left the ultrasonic meter on 80% and did not use if for a month the battery should still have 77% left at a maximum loss.  
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Description automatically generated with medium confidence] The Li-ion batteries are made from Lithium Metal Oxide (, according to [6] Christopher D and Chao-Yang Wang, the power and energy rating of batteries fade overtime, Li-ion batteries fade due to a few reasons, one being that the amount of cycles that have been completed this causes gradual internal impedance which will then cause heat build up and ages the battery faster. Another factor would be degradation of the positive and negative electrons. The negative electron can degrade due to a few reasons such as lithium corrosion, solid electrolyte layer growth, layer loss and lithium plating, as mentioned all these causes of degradation can cause heat build up within the battery and aging. Figure 10  illustrates the internal view into lithium-ion battery supplied from [6] Christopher D and Chao-Yang Wang.









Figure 10 [6]
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Description automatically generated] In regards to a comparison of lithium-ion, lead-acid and nickel- metal hydride, using the table below (figure 11) provided by [6] Christopher D and Chao-Yang Wang, theoretically overall power output from the Li-ion battery is far better than the lead-acid and Nickel-metal hydride, this will be a good aspect to the design as this would limit the total number of cells that will need to be used to power the device. Practically the table shows that the Li-ion battery has a better overall performance than the other two batteries. The Li-ion battery has better energy density, this means that the battery will a good ratio of watts per kilogram for storing the energy while the power density is also good for my design as power density is how quick the battery can deliver the energy when needed. The Li-ion battery also has the best energy efficiency, this is a good feature to have as there is limited energy losses from the circuit.
Figure 11 [6]
In regards to recharging the li-ion battery the battery will be recharged by using a USB port, this will make the device easy for the user as they will not need to change batteries when the batteries run out of charge, then can simply recharge and carry on, using a USB port is a good idea too as this type of connection is readily available worldwide. As the USB charger only carries 5V through this is also a good addition to the design as this will result in a steady charging rate which will help towards life of the battery with aging and deterioration. 
 To be able to recharge the battery I will need to implement two LED’s into the charger circuit, one to let the user know when the battery is low on charge and the other for when the battery is full charged. There will be various resistors In the circuit which will help with pulling up and down dependant on where they are used. The type of battery charging circuit I have found that would suit my circuit well is an, IC called TP4056. This chip according to [11] constant current voltage linear charger, they say that the charge voltage is fixed to 4.2V and the current can be changed via an external resistor, the chip will automatically start the charge cycle when the current drops to 1/10th of the programmed value, also when the final voltage is reached. Some features that this chip can also do is current monitoring, undervoltage lockout, automatic recharge. This chip can be used for many low power devices such as mobile phone, hand held devices, digital cameras.
4. Design
4.1 Circuit design
This design will be of a hand-held ultrasonic distance measuring device that will have a medium manufacture cost, easy to use, have many features that will save people time in their jobs and robust so that it will not become damaged if dropped. The features that the design will include are as follows:
· A laser for easy direction in regards to what the user is aiming at.
· The ability to calculate area and volume.
· Display screen will have a brightness option for better visibility in poor illumination levels. 
· Measurement tolerance of +/- 2% 
· Rechargeable lithium-ion battery via USB port.

Note:
· The selection button in the circuitry are tactile buttons except the main on/off button. 















4.2 System Diagram
The below image demonstrates the structure of the circuit. This represents how the system is operated. 
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4.3 Circuits Operation
Battery Charging
 The Lithium ion battery will be charged by a USB, the chip I chose was the TP4056. The USB will supply a +5V to the TP4056, the voltage will then be fixed to 4.2V, the current can be controlled for the external resistor, the two LED’s will be used for indication for if the battery is charged or if it is low on battery. 
Supply
 The circuit will start off with the lithium-ion battery, the battery will be voltage will then feed into a MAX1724EZK50 which a DC-DC step up convertor, this will then step the voltage up to +5V, then the supply will feed into a LM317S which is an adjustable voltage regulator, this will be set to +5V, the LM317S is used to ensure that the voltage is kept at a constant +5V to help protect the load from overvoltage and to also maintain voltage as the battery is starting to become low. The Zener diodes that are before the On/Off button is to provide overvoltage protection, these are used because the Zener diodes have a Zener breakdown voltage and when this is met or have been exceeded the heavily doped Zener will change state from being semi conductive to conductive which would result in the current and voltage taking the path through the Zener diode to ground saving the load and any other components from overvoltage instead of causing damage or permanently damaging the circuit, this would also result In the load being regulated and clipping the circuit if needed. This supply will then be connected to the On/Off button. The On/Off button will have to be held down for 4 seconds, this will then supply the PIC Microcontroller, the LCD screen, the temperature sensor and the selection buttons with 5V.
Ambient Temperature
 The temperature sensor is supplied +5V from the battery, when the device is turned on the sensor will continuously ready the temperature, this will then feed out of pin 2 (DQ) into pin RA0 of the microcontroller the microcontroller will continuously be reading the temperature. 
Brightness Control 
The LCD has a contrast function for the reader, this will help see better in dark conditions. There will be an on/off button for brightness control, this will be fed by the +5V supply, when the button is pressed it will send a signal to RA1 on the PIC, the PIC will then send a digital signal from RC0 pin which then goes to VEE pin on the LCD, that will then turn on the contrast setting for a more visible screen.
Laser  Control 
 The laser diode is available to help the user know where they are aiming at when taking a measurement, the laser on/off button is fed from the +5V supply, this then goes to the PIC and terminates into pin RA2, when the button has been pressed the microcontroller will send a digital output from pin RB1to the laser diode, the laser will only turn off if the main power is turned off or the laser on/off button is turned off. 
Unit selection
 The device will have a button to select what unit of measure the user will want to measure, the Unit selection button is also fed from the +5V supply, once the button is pressed the signal will go to pin RA3 and the microcontroller will convert from analogue to digital via an ADC, the digital signal will then get processed to the CPU which changes the unit of measure whether the user will want the reading in feet or metres. It will change the unit by sending a signal from the PIC pin RC4 to the LCD pin D4 which will then change the unit on the LCD, it will also send a digital signal from RC1 to register select to tell the LCD to read the incoming signals resulting in a change of unit on the LCD, while this is happening the CPU will change the setting of calculation that it is programmed to make when the measurement has been taken. 
Area or volume function 
 The device will also have a function where the user can make measurements and the device will calculate the area and volume for the user if needed, the user will have to press another Tactile button which will be supplied from the +5V battery supply, the supply will go to pin RA5 when turned on, this will tell the PIC to change the CPU to area mode, which will then change to the calculations that will be programmed into the PIC. The Pic will follow the same steps as above which is sending a signal from the PIC pin RC5 to the LCD pin D5 which will then change the unit on the LCD, it will also send a digital signal from RC1 to register select to tell the LCD to read the incoming signals resulting in a change of unit on the LCD, while this is happening the CPU will change the setting of calculation that it is programmed to make when the measurement has been taken. 
Taking a measurement 
 The device will have a button to take the measurement when the user is ready, again this is supplied by the +5v rail, the signal will go from the button to the PIC pin RA4 this will then tell the pic to send a pulse to the transmitter, when the button is initially pressed there will be steps that the PIC will take to ensure that the distance is calculated correctly the steps for measurement are:
· The Pic enables the interrupt. 
· CPU sends a 40kHZ pulse from internal oscillator to PWM.
· PWM sends 40kHZ signal from Pins RB0 and RB5 to logic controlled drive.(TC4428) 
· The (TC4428)  will then amplify the voltage and current enough to power the transmitter to the max peak to peak voltage it can take (18V).
· When the signal reaches the transmitter the pic will put INT to low.
· The Pics Internal timer will then start.
· After the PWM have sent 8 Pulses, the CPU stops the transmission of any more pulses.
· The interrupt is then disabled for 2ms so that the 40kHz pulse can reach its resonant frequency, this will stop false readings. 
· The interrupt is then enabled.
· When the echo is received it will go through High pass filter to filter out any unwanted low frequency signals that may have been induced on the signal, then into a unity gain amplifier as the voltage would of weakened, 
· The signal will then go to a comparator.
·  The signal will go to pin RC2 to the CCP to initiate the capture.
· The timer will stop.
· The interrupt time will be captured by the timer.
· The CPU will then take the temperature reading from RA1, and use it to calculate the velocity of air with temperature correction with the calculation below:
· 
· The CPU will take the differences between both interrupt times and will be used to calculate the distance with the calculation below:
Distance = Time X Velocity 
· The PIC will then send a signal from RC1 and RC3 to tell the LCD to there is incoming signals which will then produce the measurement on the screen once D4-7 have received the signal from RC4-7.
· The PIC will then also check save the result in RAM and flash to aid in calculations for area and volume if needed. 
· If Volume or area was selected the user will take 1 or 2 more measurements and the CPU will perform the calculations to whatever option was chosen.  













Circuitry 
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Above is the Battery charger circuit , DC to DC 
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Above is an image of the selection of buttons, LCD transmitter circuit, temperature sensor, and PIC microcontroller. 
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Above is an image that includes the Receiver circuit.
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Above is an image of the whole circuit. 


Microcontroller Pins 
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[5] [image: ]
[image: Graphical user interface, application, Word

Description automatically generated]









[5] 
[image: Graphical user interface, application, Word

Description automatically generated]










[5]
[image: Graphical user interface, application, Word

Description automatically generated]










[5]
4.4 Hardware Plan/Layout 
The image below is of the physical appearance of the ultrasonic distance meter. This would be a small and light weight product but also robust as it would be made out of a waterproof and shockproof material.
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4.6 A parts list and estimate of costing
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[12]
The image above is the transmitter and receiver that I chose for the design, I chose these as they were reasonably priced, the operating voltage was reasonable at maximum of 20V peak to peak, the distance was also substantial for the meter which was a range of 4metres the waves could travel. 
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[13]
The above image is the 16 X 2 LCD I chose, this was because it had a 2 lines by 16 characters that could be produces, this would help when displaying measurements and what unit or measuring mode the device was in. This LCD also had a contrast setting for easier visibility in poor lamination levels and was also quite cheap in comparison to other models. 
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[14]

The above image is the laser diode I chose for the design, I chose this as it is very small and is low with the power rating for its operation, this is easy to physically fit withing the device and is a simple diode so it is easy to implement into the design. This was also very cheap which will help with the overall cost. 

 [image: Text

Description automatically generated][image: Graphical user interface, text

Description automatically generated]
                        [15]                                                                  [16]
These were the two LEDs that I chose for the design, to implement them into the battery charger, these will help the user know when the battery is fully charged or will need charging. 
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[17]
The above image is the Lithium-ion batteries that I chose for the design I chose these as they were reasonably priced for lithium-ion cells and the voltage of 3.4V suited my design well. 
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[]
The above image is the tactile button that I chose for my design, I chose this as it is cheap and it small so it will physically be easy to install in the device, the tactile switch will help when programming the software for the unit and measuring functions. 
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Description automatically generated]The above image is the PIC microcontroller that I used, I chose this microcontroller as most of the pins give access to many different peripherals which made the circuitry easier to design, it also had a lot of peripherals internally which aided with the circuitry not being to compact and being able to control through the program. The chip was also reasonably priced and had many pins which made it easy for the amount of components I had within the circuit.
[19]

The above image is the Voltage regulator I chose, this was chosen as it was easy to implement within the circuit, this was chosen because it would limit the voltage and  keep the voltage at the micros operating voltage. 
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[21]
This sensor I chose was chosen as it was also easy to implement into the micro controller for the design and  it was cheap. 
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[22]
The above image is the Zener diodes that are used for overvoltage protection. 
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The above image is the Op-amps that are used for the filtering and the comparator. 
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The above image is the resistors that are used, due to not calculating the values I have used this one as a generic resistor for the price. 
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[25]
The above Image is the capacitors that are going to be used, I have also used this one as a generic capacitor for the estimated cost. 

[image: Graphical user interface, application

Description automatically generated]








[26]
The above image is the DC to DC converter that with step the voltage up to be at the operating voltage of the circuit. 
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The above image is the battery charging module that I will be using in the design.  
Parts Overall Cost 
The overall cost is as follows:
· Sensors = £8.123 X 2
· LCD = £6.67
· Laser Diode = £ 6.23
· Green LED = £0.173
· Red LED = £0.173
· Battery = £9.25
· Button = £0.217
· PIC microcontroller = £1.46
· Regulator = £0.695
· Temperature sensor =£9.38
· Zener diode = £0.70
· Op-amp = £0.958
· Resistor = £0.008 X20 
· Capacitors = £0.16 X 6
· Step up dc to dc convertor = £4.70 
· Battery charger module = £7.99
The overall cost is £65.01. 
5. Conclusion
 In conclusion of this project, I am pleased with how it went. I am pleased with the overall design of the ultrasonic distance meter as it has some very useful applications and could make the users life a bit easier in their job. This project has helped me have a better understanding of microcontrollers and the internal configurations that is available for all different kinds of application, when researching I found that the laser distance meter was more of a favourable design due to the distance that It can cover in comparison to the ultrasonic version. 
 Initially I researched as much as I could about different microcontrollers and there preferred applications, microchip [4] was a great help as they have may components to offer and have a helpful website that will help you with your choice. When I found all my components I started putting my circuit together, I then found that some components were not doing what I was hoping for so I then had to research again and re model the circuit, Eventually I got where I wanted to be with the circuit. some issues I came across within this project was that I was unable to test my circuitry properly due to various reasons such as some devices that I used were not on the proteus software so I had to use like for like components to show what the Idea I was trying to get across. 
In regards to where I would of liked to improve my design would be to add a menu that would save up to 15 results for the user to select when needed, to also have and auto power off if no user interface had been selected after a period of time by maybe using a latched relay and some tactile switches. I also would of liked to improve in the design by calculating all the resistors and capacitors to help it easier to test the circuit. I would also like to improve my design by limiting the cost. 
 Throughout this assignment I have enjoyed learning about new components and go more in depth about components and circuitry that I didn’t know before, this project will help me for my progression with my future education and in my work place. 
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illustrated in Figure 13.10. Such elements can operate interchangeably as either a transmitter or
a receiver. These are available with operating frequencies that vary between 20 kHz and

15 MHz. The principles of operation, by which an alternating voltage generates an ultrasonic
wave and vice versa, have already been covered in the section on piezoelectric transducers.

Sensor Technologies 333

Figure 13.10

For completeness, mention should also be made of capacitive ultrasonic elements. These
consist of a thin, dielectric membrane between two conducting layers. The membrane is
stretched across a backplate and a bias voltage is applied. When a varying voltage is applied to
the element, it behaves as an ultfasonie transmitter and an ultrasound wave is produced. The
system also works in the reverse direction as an ultrasonic receiver. Elements with resonant
frequencies in the range between 30 kHz and 3 MHz can be obtained.

13.10.1 Transmission Speed

‘The transmission speed of ultrasound varies according to the medium through which it travels.
Transmission speeds for some common media are given in Table 13.1.

‘When transmitted through air, the speed of ultrasound s affected by environmental factors such
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system also works in the reverse direction as an ultrasonic receiver. Elements with resonant
frequencies in the range between 30 kHz and 3 MHz can be obtained.

13.10.1 Transmission Speed
‘The transmission speed of ultrasound varies according to the medium through which it travels.
Transmission speeds for some common media are given in Table 13.1.

‘When transmitted through air, the speed of ultrasound is affected by environmental factors such
as temperature, humidity, and air turbulence. Of these, temperature has the largest effect. The
velocity of sound through air varies with temperature according to

V =331.6+06T m/s, (132)

where T'is the temperature in °C. Thus, even for a relatively small temperature change of 20°
from 0 to 20°C, the velocity changes from 331.6 to 343.6 m/s.

Humidity changes have a much smaller effect on speed. If the relative humidity increases
by 20%, the corresponding increase in the transmission velocity of ultrasound is 0.07%
(corresponding to an increase from 3316 to 331.8 mys at 0°C).

Changes in air pressure itself have a negligible effect on the velocity of ultrasound. Similarly,
air turbulence normally has no effect. However, if turbulence involves currents of air at

Table 13.1 Transmission Speed of Ultrasound through Different Media

Medium Velocity (m/2)
Air 316
Water 1440
Wood (pine) 3320
ron 5130
Rock (granite) 6000
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“normal” one, the magnitude of transmitted energy is less than the peak value. Figure 13.11

shows characteristics of the emission for a range of ultrasonic elements. This is shown in terms 2
of the attenuation of the transmission magnitude (measured in dB) as the angle with respect to
“normal” direction increases. For many purposes, it is useful to treat the transmission as a L]
conical volume of energy, with edges of the cone defined as the transmission angle where the
‘amplitude of the energy in the transmission is — 6 dB compared with the peak value (i.c., where &

the amplitude of the energy s half that in the normal direction). Using this definition, a 40-kHz
ultrasonic element has a transmission cone of +50° and a 400-kHz element has a transmission +
cone of +3°,

It should be noted that air currents can deflect ultrasonic waves such that the peak emission is
no longer normal to the face of the ultrasonic element. It has been shown experimentally that an
air current moving with a velocity of 10 kmvh deflects an ultrasound wave by § mm over a
distance of 1 m.
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Exing Range Meter Distance
Meter CP-3010 18M Handheld
Laser Distance Meter Ultrasonic

Rangefinder Measuring Tape
Brand: Exing

€15

Brand Exing
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included

Colour Yellow
Material ~ AbsPlastic
Battery Alkaline
description

« Measuring range: 0.5 ~ 18 m/1.5 ~ 60 ft.

« @Accuracy: +0.5% + 1cm/0.5"; Resolution:
1cm/05"

@ Measure the distance using ultrasound.

« Power supply: 1x 23 A 12 V alkaline battery (not
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Product description

+ P o

Features:

For measuring the removal by means of ultrasound.

Laser marking and level bubbles for accurate measurements
Two units available: meters and feet.

Large backlit LCD

Auto power off 4

(=

Specifications:

Material: ABS plastic

Colour: yellow

Measuring range: 0.5~ 18 m / 1.5 ~ 60 ft.

Measuring units: foot / metre.

Accuracy: £0.5% £ 1 cm

Resolution: 05"

Power supply: 1x 23 A 12 V alkaline battery (not included).
Product size: 8x 7.2 x 4 cm / 3.1 x 2.8 x 1.6 inches.

Note:

Item color displayed in photos may be showing slightly different on your computer monitor since monitors are not calibrated same.
Please allow 1-3mm error due to manual measurement. Thank you!

Package includes:
1 x CP-3010 meter (with retail packages).
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