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1.Introduction

This paper will focus on design process involved in design of a digital tape measure, employing an ultrasonic transducer. The investigation into this project was done by Second Year HND Electronics Engineers student at the University of Wales Trinity Saint David or UWTSD. 
The design process consisted of carrying out a background research on ultrasonic transducers and how they can be used in creation of a digital tape measure. This included information on the following: 
-Theory behind using sound as a measurement method.
-Ultrasonic transducers and associated drive and receive circuits.
-Suitable PIC microcontroller and relevant internal modules.
-Display devices.

Parts of the students work on this project included notes on a CO2 detector taken during a lecture. In addition to background research on the topic, similar products were also investigated to establish trends in devices using this method of measurement.
After research was concluded two initial circuit diagrams were made one on paper outlaying general design principals and second was a digital recreation of the initial paper design, constructed in software called Proetus Design Suite. Assumingly named after a deity in Ancient Greek Mythology, who was the deity of rivers, but this bears no relevance to this paper.









2.Background Research 

This projects main aim is to measure distance utilizing a Ultrasonic Transducer, allowing for the overall supporting circuitry to be simple, but the main issue is the software stored on the microcontroller.
Software required for this project is simple in concept and at first glance it is following a simple flow. 
1.Start-read Ultrasonic transducer reading-
2.Carry out math operation-
3.Display on LCD-
4.Return to start.
While upon closer the operational flow expands to cover variables and conditions which can change in short amount of time. In addition to expanded flow a important maths operation needs to be carried out and return a precise reading, in efficient way as not to slow down the system.
In order to facilitate these functions and to allow for the design to be tested in Protues. It was necessary to use programming language known as Embedded C which is a extension of C. 
Embedded C is a difficult language to use but it provides a in-depth control of what process are executed, what functions are used, in which order everything happens and more. It is also capable of doing everything mentioned in efficient and precise manner making it ideal choice for this project.
Moving onto Ultrasonic transducer around which this project revolves. Ultrasonic transducer is often composed of two major parts located on opposite sides of the device. 
One receives and the other transmits ultrasonic waves, which then is deflect off the obstacle like solid object. Then the ultrasonic wave bounces back to the receiver, upon receiving the ultrasonic wave the timer like a PIC takes the time from wave being sent out to its’ return. The timer then executes a math operation during which the time is calculated and converted into distance.
Depending on software contained within the PIC microcontroller this data is then displayed on a external device like Liquid Crystal Display (LCD). Major upside of using a Ultrasonic Transducer as measurement method is that it’s capable of measuring many things like: Liquid Flow Rates, Level of the Liquid, Object Displacement etc…
3.Analysis of Similar Products

Design process of this project also included research of similar products available on the market, for purpose of establishing common range of features and design choices but also public reception of the products.
This process has revealed that costumers appear to favour either laser or analogue tape measures, but ultrasonic tape measures appear to be unpopular with limited choices or are no longer in sale.
Three categories of tape measures were investigated. Ultrasonic, Laser and Analogue, from which three samples were selected for a total of nine tape measures.
After each sample was investigated a table has been drawn up showing common feature for the category.
	Ultrasonic
	Laser
	Analogue

	Range: 2-60ft
	Range: 0.2-190ft
	Range: 0-25ft

	Accuracy: 0.5-40mm
	Accuracy: 0.5-40mm
	Dependant on Class

	Metric & Imperial
	Metric & Imperial
	

	Automatic Conversion
	Automatic Conversion
	

	LCD Display
	LCD Display
	

	Automatic On/Off
	Automatic On/Off
	



This has led to a conclusion that Laser tape measures are more suited for role of a simple tape measure. Further research has led to discovery that Ultrasonic measurements are best suited for thickness of steel storage tanks or pipelines.










4.Circuit Description

After all the necessary research was carried out a circuit has been designed both on paper and in Protus for a purpose of simulating it’s function and allowing to write the necessary software to run it.
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As shown in provided images the circuit is simple in design and function to provide ease of use to the costumer. Images also show that circuit operation is mostly analogue unlike in many similar products. The Process involved with operating the circuit goes a follows:
Project is switched on/off via a toggle switch located by R2, toggling the switch will close/open the circuit between a battery and rest of the circuit but also allows for power saving. R2 ensures that the circuit is not damaged by initial power surge caused by toggling the switch.
The circuit also comes with a reset button allowing the user to reset the circuit if needed.
The main component of the Circuit is the Ultrasonic transducer shown top left corner of the circuit (U2). In order to take reading user simply needs to toggle the switch allowing power flow to the transducer after which the PIC microcontroller will carry out the maths operation and display the results on the LCD. If user is relocating the switch can be toggled again to cut the powerful increasing lifespan of the batteries.
The Circuit design shown in the images is a early design and contains unnecessary elements which likely will not apper in the final design.
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