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Introduction

This assignment will be exploring ultrasonic sound and how it can be used in distance measuring. It will look at the theory of how they work, the circuitry involved and then it will go through to making an ultrasonic tape measure on CAD software and then building and testing it on a breadboard. 

Background Research
[bookmark: _Toc4594189]The theory behind using sound as a measurement method
How does sound work as a measurement tool? Sound is the movement of molecules through the atmosphere that travels as a wave. It moves similar to how water does in a pond. If you had a stone and you dropped it into a pond it would cause ripples in the water. As long as there are no disturbances to the water and everything is kept constant the wave will always travel as a set speed. This would mean if you dropped the stone into the water at the same spot ten times, the ripple would always take the same amount of time to travel to the other side. If the same experiment was done but the liquid in the lake was honey, the ripple in the lake would take longer to get to the other side. This is because honey is denser than water so the wave has more molecules to travel through. This is the same for sound. In figure 1 below, you can see oxygen is number 8 on the periodic table. It has an atomic weight of 15999u whereas CO2 (carbon + oxygen + oxygen) has an atomic weight of 44009u. Sound would travel quicker though oxygen than carbon dioxide as it would take less energy to move through. 
[image: https://lh4.googleusercontent.com/x8KpPU5DiNj6uoBidCQVkCuwZ0NHX1Ywo2JvL2TKZjMhpic4KYmMPg_wJ_l-2XQ8WlMk0AMtKZa-XJ6JjnbQeqcsQ_upggCX1An2dU1Ig-7JpLN5QT85yPpcd0anpXIbRSTZfo-c]
Figure 1 [1]


Heat also effects sounds time of flight. When the air is warm there is more energy in the air's molecules and so it takes less energy to move them. This means that sound moves faster in warm gases than cold ones. All these different variations in time of flight for sound can be calculated very actually. This means that devices can measure the time of flight and calculate distances or predict what gasses are in the air as long as the device knows what temperature it is. When sound is used as a measurement tool it is normally ultrasonic sound that is used. This is because it is to higher frequency for humans to be able to perceive. Not many things in day to day life product ultrasonic sound so there are fewer chances of detection errors.   
Speed of sound in dry air at 20 °C = 343 m / s [2]



















[bookmark: _Toc4594190]Ultrasonic transducers and associated drive and receive circuitry
[bookmark: _Toc4594191]Circuit one
During the development of the ultrasonic sensor measuring tool research was done on other ultrasonic transducers and associated drive and receive circuitry. During this process three useful circuits were discovered that all have very interesting but different ways of attaching the same thing. 
This first design that was discovered is below in figure 2. This is an ultrasonic receiver circuit. It has over voltage protection designed using two diodes for the first diode the positive side in connected to ground and the second diodes negative is connected to ground. The other ends of the diodes are connected to the main circuit. The diode will only let current flow through them if the voltage is over 0.6V’s and there for limits the voltage to 0.6V. The first diode limits the positive part of the AC signal and the second diode limits the negative part of the AC signal. The circuit also has a band pass filter made from two standard operational amplifier filter designs. This filter has been designed to only let through a frequency between 100Hz and 100kHz.  The first filter is a low pass filter and cuts of frequencies above 100kHz. The second filter is a high pass filter that cuts of freelances below 100Hz. 

[image: https://lh4.googleusercontent.com/Kd9J-djgTv1lo569otHIZ_TcgKdCl3wVPti61TWLcATNDVqRIrYcmos5j9_F5WWGFxU12ZqCSeAWgJTqNlgRh7_Xss02D-qANRM7N3XrQ3DVk8pmgfVRBlggOnE9uil0T7cBFAaP]
Figure 2 [3]








[bookmark: _Toc4594192]Circuit two
The second circuit that was discovered, in figure 3, was designed using a pre build ultrasonic model and the PIC16F877. This PIC was chosen for this project as it has a large quantity of memory,  twice as much as some of the other PIC’s in the 16F87X series; 8K flash program memory, 368 Data Memory (bytes), 256 EEPROM Data Memory (bytes). It has 15 interrupt pin, which is useful as the devices wouldn’t be as accurate if it didn’t use interrupts. The ultrasonic sensor doesn’t need 15 interrupt pins as most of them are not being used but it does allow the developer freedom later on to expanded the device and give it extra features which may also need interrupt pins. The chip has a 20MHz clock which is perfect for the ultrasonic sensor as it gives you high accuracy [4]. 
It is unsure from this photo what ultrasonic module is being used but it can be assumed that it would work in a similar way to most generic 3 pin ultrasonic distance measuring models. For the perpas of this circuit examination the Ultrasonic Distance Sensor (#28015) will be a standing in as the model in the circuit [5].
The 28015 has only 3 pins, VDD, GND and IN/OUT.  With out access to the code for this device, it can be assumed that pin RC2 has been internally programmed to be an interrupt pin. The PIC most likely outputs a pulse to pin 26, when it gets an input through pin 26 a timer starts immediately. When pin 26 go’s low the timer is read and reset, calculations are done in the code to translate the figures in to something that people can understand and then the figures are sent to the LCD screen to be displayed. In this scamatic there is a variable resister linked to VEE port of the LCD screen. This gives the user control over how bright/contrasted they want the LCD screen to be [6]. 

[image: https://lh5.googleusercontent.com/qlK7iY_8306E89WGhrvonbq-EjFIaribxhebA4SA9ozad-DoO7lwwt4RmIzjk9ufSHwHJoumPDZPvCa5D1pGH-5bX9b_kTfPq9Lz91Xx0mbGRgb0iksdoPP-mSKPTlkd1eYzhc0c]
Figure 3 [7]
[bookmark: _Toc4594193]Suitable PIC microcontrollers and their relevant internal modules
[bookmark: _Toc4594194]PIC16F877A
High performance RISC CPU, very fast operating speeds at 20MHz DC clock input and 200ns instruction cycle. Three on bored timers for the programmer to use one of which is 16 bit and the other two are 8 bit [12]. 
[bookmark: _Toc4594195]PIC18F4550
Flexible oscillator structure, external clock features up to 48MHz. This would be helpful as it allows more accuracy when measuring the distance. Four timer modules. Data Memory 2048 Bytes. Program memory 32768 Bytes [13]. 
[bookmark: _Toc4594196]PIC16F1516
Operating speed is 20 or 16 MHz or 200nHz, interrupt capability with automatic context saving. Temperature indicator, 128 Bytes high endurance flash.  Three on bored timers for the programmer to use one of which is 16 bit and the other two are 8 bit [14]. 

All three PIC’s above are suitable for the ultrasonic tape device. The PIC16F877A and PIC18F4550 have been found being used in several modules online that are to do with ultrasonic tape measures such as found on www.electroSome.com, www.ciruitdigest.com and www.eletronicwings.com. The pic that has been used in the making of this ultrasonic sensor is the PIC16F1516. This is because it is perfectly suited as the microcontroller and the programmer has had experience working with this PIC in the past so more time will be spend on the electronic design aspect and the code rather than time being spend familiarising themselves with the PIC and putting less time into the more technical and some say more interesting part of the design process. 








[bookmark: _Toc4594197]Existing products that perform a similar measurement function 
In order to understand what ultrasonic tape-measure had already been developed, a small amount of research was done just browsing through what was out there. This gave a better insight when developing it on what functions do they normally they perform, how far do they normally measure and what price do they normally sell for. Four electronic measuring tapes were found. Three of which used ultrasonic sound in order to measure distances and one used a laser to measure the distance. 

[bookmark: _Toc4594198]Fluke414D Laser Distance Meter
This device uses a laser in order to measure the distance between and large object and its self. It has a range between 0 and 50 meters, it works best in temperatures between 0-40 degrees Celsius and its accuracy is +/- 2.0mm. The device will add or subtract measurement the user makes and it can also calculate the area or volume of a room. It can also store past reading and past calculations for the user. The Fluke414D laser distance meter will set customer back by £99.99. [8] 
[image: https://lh3.googleusercontent.com/OlWgq-oAmFctNNZe78ec7ZOHRN7_gYZEYaf6jglpoSvKnyqi-N7FbI-D5yLf3gfB_tyS1gWQYYVneSUXM7gV1J-OGr0dhf5qU4jY_NKZiXdDdJP3RaGp5pZC9EhYPiey4feBLC3F]
Figure 4 [8]

[bookmark: _Toc4594199]Digi-Sense Ultrasonic Distance Meter with Laser
The device uses an ultrasonic sensor and a laser to measure distance. It has a minimum range of 2 feet and a maximum range of 50 feet. Its resolution is 1 inch and an accuracy of +/- 1 digit / inch. This device can also measure area and volume of a room and store past measurements and calculations. The Ultrasonic distance meter with laser costs £79.20. [9]
[image: https://lh5.googleusercontent.com/yImw3S6bsVNg_iLp25xOfhP1ZAhq4yC4vYXezBpJ8R7OWdM-O9n0r3E28VGmmHcx0T9_iANGY0jJH-2v3BF81sThE74NQYJ_VuzJ_HF0ORGZlpzHwkASoTDPJA5hoI01A2k565wo]
Figure 5 [9]
[bookmark: _Toc4594200]HT-1200 Ultrasonic Thickness Gauge Meter Steel Thickness Tester 1.2-225mm Range 0.1mm Resolution Four-digit LCD Display
This device uses only ultrasonic sound to measure distances. Unlike the last two devices this is not for measuring rooms but for measuring the thickness of something. It can only measure short distances but it is highly accurate with what it does measure.  Range is 1.5 to 225mm (steel). Resolution is 0.1mm and the accuracy is +/-1% of the thickness of the object +/-0.1mm. It works best between the temperatures 0 and 40 degrees Celsius. It costs £71.30. [10]
[image: https://lh4.googleusercontent.com/YGwCDG19GLgdtS0Zv1j6pjGxoFqiMprgNxwwAV4MUUMZuSlKpkFsq2y-QyYDYIad7qBTT8ZKl9LZoWE2GFGeI15RnewzJgcRpFYvsTeNhA2kpysvOOcXSl9hoYG_RKuZ1_DSwDnu]
Figure 6 [10]

[bookmark: _Toc4594201]DIGITAL ULTRASONIC DISTANCE METER – 18M (DM220)
This device is an ultrasonic distance measuring tool that is designed for measuring rooms or medium sized areas. It works best between the distances of 0.5m and 18m. It uses only ultrasonic sound to work out the distance of the room/ area length but does use a laser light for the user to see where to device is aiming. It has an accuracy of +/- 0.5%. It will calculate the area and volume of a room. This device give the user a choice whether they want to use the metric system or the imperial system. The device costs $16.95 which is ruffly £14.47 using the conversion rate during 03/2019. [11]
[image: https://lh5.googleusercontent.com/P2j5Vc3mOdxCcEy6P1rqRPvntBRkyc1oQz25g3DkCl-1MMxwKdS_sucz92UhQ5qAnmYjCpnvw7vFFzmuZhry6Pmakmz5d8glmcVz9Es1VzPzkGzLdFCPLDAVI0UZKyt1SdR2TWD3]

Figure 7 [11]

Circuit Design 
Below in figure 8 you can see a screen shot of the electronic tape-measure using the ultrasonic module. It is a very simple design as it was just meant to be a prototype. If this was revaluated in the future then some changes would be made and advancements which would make the tape measure more reliable and work better in general. 
[image: ]
Figure 8
There are four main areas of this design. The PIC, the LCD, the ultrasonic module and the button. The PIC and the LCD have already been discussed however with the LCD the verbal resistor is optional as the VEE port could of just been grounded but for it is nice to give the user some extra option so they can adjust the contrast of the LCD to their preference. The Ultrasonic sensor trigger pin was connected to port RA0 as all this port needed to do was send a 5V pules for 10us. The Echo pin of the ultrasonic module was connected to port RB0 on the PIC which also acted as an interrupt pin. This meant that whenever port RB0 was high the code would stop what it was doing and start a timer.  The button is connected to port RA3 on the PIC. There is also a capacitor to help with switch bounce and a pull down resistor. Below in figure 9 you can see a photo the circuit on a bread bored.  
[image: C:\Users\s1704018\Downloads\IMG_20190325_115002.jpg]
Figure 9


A circuit was designed without using an ultrasonic module but unfortunately do to time constraints it was not able to fully work properly. Most of the focus was put on the receiving side of the circuit. There was no sound receiver in proteus so it has been represented by a sin wave supplying the circuit with ultrasonic sound. The first thing in the circuit is a transistor. This transistor is there to amplify the current and voltage a little to help it get through the circuity. The next section it goes through is a band pass filter. This is to only let through the signal that we sent out so that other outside noise is less likely to interfere. After this the signal enters another amplifier to amplifier the voltage so it is enough to turn on the transistor. When there transistor is on +5V is allowed to flow in to the interrupted pin.  This circuit would benefit from having a four bridge rectifier before the switch transistor as then it would be a DC current powering the transistor so the +5V would be constant in the interrupt when the circuit receives the sounds. As previously mentioned this is currently not a working circuit and this is all a theory. 

[image: ]
Figure 10






[bookmark: _Toc4594202]Flowchart
[image: https://documents.lucidchart.com/documents/e3916cfe-476e-4765-a395-19ab7add06d1/pages/0_0?a=541&x=62&y=52&w=589&h=990&store=1&accept=image%2F*&auth=LCA%20edaf4978b5af36c4b47d0905aa4e363a472224c1-ts%3D1553699964]
[bookmark: _Toc4594203]Software listings 
Proteus, for designing the circuit. 
MPLAB , for programing the chip. 
CCS, to aid in coding. 



[bookmark: _Toc4594204]Costings 
The cost of the device varies depending on what angle you look at it. If you are only costing for the materials uses and the parts the it will cost just under £10; £2 for ultrasonic module, £1 for chip, £5 for LCD screen, £2 for other components. 

The costing for the Software involved and the machines involved would increase the price dramatically. If this was a product that would be sold for profit after improvements to make at perform better and replacing the ultrasonic module for hopefully better version that has been developed for the device that is being produced. The price would very so much that it is hard to put an estimate on it.  








































Testing and Results
To find out how well the device worked and how reliable it was the device underwent several tests. The tests tested the devices accuracy, precision, resolution, repeatability and reproducibility.   
[bookmark: _Toc4594205]Test one, Accuracy
In order to find out how accurate the device is, a long tape-measure was laid out in fount of it. An old computer was used as the object that the ultrasonic device would be aimed at as it is large and the side we used as the target is flat and made of metal. The computer started of 10cm away from the ultrasonic sensor and after every reading it was moved another 10cm away up to 180cm where the accuracy detreated. Below are the test results. 
	Actual distance of object (cm)
	Readings (cm)
	Difference (cm)

	10
	10
	0

	20
	20
	0

	30
	29
	1

	40
	39
	1

	50
	48
	2

	60
	58
	2

	70
	66
	4

	80
	77
	3

	90
	87
	3

	100
	96
	4

	110
	106
	4

	120
	116
	4

	130
	125
	5

	140
	135
	5

	150
	144
	6

	160
	154
	6

	170
	165
	5

	180
	166
	14



	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


[bookmark: _Toc4594206]
From the readings about you can see that as the distance increases the accuracy decreases at a linier rate. This could be due to the temperature in the room. The temperature was 23.4 degrees Celsius, the device was originally designed on protius and it unknown what temperature proties what simulating the virtual ultrasonic signal at. 






[bookmark: _Toc4594207]Test two, Reproducibility

In order to find out how reproducible the results were, different materials were acted as the target all at 40cm. 
	Name of object 40cm from sensor 
	Readings (cm)

	Phone 
	38

	Pencil case 
	40

	Tool kit
	39

	Cardboard box
	41

	Water bottle
	42

	Tilted phone 
	1060



[image: C:\Users\1704018\Downloads\IMG_20190325_142523.jpg]
Figure 11 Pencil case
[image: C:\Users\1704018\Downloads\IMG_20190325_142459.jpg] 
Figure 12 Tool Kit

[image: C:\Users\1704018\Downloads\IMG_20190325_142359.jpg]
Figure 13 Cardboard Box

Find the rest of the photos in the appendix figure 11- 14. 
[bookmark: _Toc4594208]Test three, Repeatability
In order to find out how repeatable the results were the same result was taken 10 times in a row. The target being a mobile phone at 40cm distance. 
	Repeatability test number
	Readings (cm)

	1
	40

	2
	40

	3
	41

	4
	40

	5
	40

	6
	39

	7
	38

	8
	39

	9
	40

	10
	40


From the table above it shows that 60% of the time the ultrasonic sensor was correct, 30% of the time it was off by 1cm and 10% of the time it was off by 2 cm. 
The resolution of the device is 1cm. It can measure between the distances of 2cm and 170cm. Accuracy is +/- 2cm. 
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Figure 14 Phone
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Figure 15 Water Bottle
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Figure 16 Phone on slant
[image: C:\Users\1704018\Downloads\IMG_20190325_142025.jpg]
Figure 17 Reading for Phone on Slant
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Ultrasonic sensor readings
actual distance of object (cm)	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	readings (cm)	10	20	29	39	48	58	66	77	87	96	106	116	125	135	144	154	165	166	
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