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Introduction
In this report I will researching and designing a device capable of measuring distance using ultrasonic transducers that is controlled by a PIC microcontroller. The specification is that the device should be hand held and powered by Li-ion batteries which can be recharged via a standard USB connector. The report will then contain a system (block) diagram and pseudocode to outline the basic operation of the software and contain an actual prototype circuit design using proteus and a write up describing the general principle of operation and the various components that feature in the design.

Research

Distance can be measured in a number of ways. We can directly measure distance by using a ruler or measuring tape, or indirectly, using radio or sound waves. The indirect methods works by measuring another variable such as time, in order to calculate the distance. 

An example of where measuring distances from a certain point and not being able to use a direct way of measuring would be on offroad vehicles, knowing the measurement of ground clearance. In addition to ground clearance many drivers driving autonomous vehicles benefit from knowing the distance away from objects there are. An everyday example of this is parking sensors. One of the simplest, cheapest, and most accurate ways to measure distances is by using ultrasonic sensors. Their working principle is based on the fact that sound is reflected upon most objects and materials. These sensors have a transmitter that sends a short ultrasonic burst and a receiver that senses the ultrasound upon its return. Knowing the speed of the sound in the air (approximately 343 m/sec), we can calculate the distance it travelled, if we measure the time passed for the ultrasound to return to the sensor. [1]

All ultrasonic sensors operate in a similar way. They work by sending a short ultrasonic burst (a few microseconds long) from the transmitter and by measuring the time it takes for the sound to return to the receiver can be used to calculate the distance. 
So for example if it took 10 milliseconds for the ultrasound to travel from the transmitter to the receiver senor. That mean: 
· That the time in seconds is 0. 01.
· Knowing that sound travels in the air 343 meters for every second, we can calculate the distance in meters by simply multiplying seconds by 343. in our case 0. 01 x 343 = 3. 43 meters.
· This is the distance that the ultrasound travelled to the obstacle and back to the sensor, so the obstacle is  3. 43/2 = 1. 715 meters away from the sensor.
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Figure 1



Figure 1 shows the overall structure of an ultrasonic transmitting and receiving circuit. The main components being the STM32 control circuit, memory module, transmitting circuit, transceiver integrated ultrasonic transducer and receiving circuit. The STM32 control circuit is mainly responsible for sending optocoupler control signal and PWM output signal, performing ADC conversion and calculating distance information. 
The storage module will store the processed data in ‘Nand flash’. A Nand flash is a type of non-volatile storage technology that does not require power to retain data. [2] The function of transmitting circuit is to drive ultrasonic transducer by generating high voltage excitation pulse. The transceiver integrated ultrasonic transducer adopts piezoelectric ceramic ultrasonic transducer, which converts electric energy into mechanical energy when transmitting ultrasonic wave, and converts mechanical energy into electrical signal when receiving echo signal. The main function of the receiving circuit is to process the received echo signal so that the control module can further process the echo signal and calculate the transit time. [3]


Lithium-ion batteries
Lithium-ion battery is a type of rechargeable battery which uses the reversible reduction of lithium ions to store energy. This battery is predominantly the battery type used in portable consumer electronics. The design will need to feature this type of battery. 
Some of the advantages of using lithium ion batteries is their high energy density. With electronic equipment such as mobile phones or even the digital measuring device that is being designed, there is a need for them to operate longer between charges while still consuming more power and this where lithium-ion batteries have an advantage. The other main advantage is their self-discharge rate. They have a much lower self-discharge meaning that it will drain the battery slower.
However lithium-ion batteries do require protection and a battery management system. They are not robust as some rechargeable batteries and require protection from being over charged and discharged too far. Resulting in the protection circuitry needed to be incorporated to ensure they are kept within safe operating limits. 
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Figure 2


Before designing the digital measuring device it was important to look at existing products that exist. Figure 2 shows a specific Stanley ultrasonic distance estimator with one of the main uses being calculating areas and finding out how much material will be needed for like wallpapering, tiling, flooring etc. 
The description to this product reads as follows:
· Measures distances up to 12 meters / 40"at ± 0.5% accuracy
· Calculates area - estimates materials for flooring, painting, wallpapering etc.
· Calculates volume - estimates heating/cooling requirements
· Displays last 3 measurements (no data retrieving necessary)
· Easy to read LCD screen. Manual addition mode for specialized calculations (i.e., perimeter)
· Adds measurements
· Toggles between linear, area and volume modes
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Figure 3






Figure 3 above is another example of a popular ultrasonic measuring device currently on the market. Throughout the research of existing products it was found that they were all very similar in the way they are constructed. They all have a very simple design featuring a small display, a small selection of buttons and a hardened plastic case for protection. This will be considered during the design stage and creating a product which is simple to use.

[image: A picture containing text, green, outdoor

Description automatically generated]






Figure 4


Figure 4 shows a PIC microcontroller and its architecture. PIC has become a successful microcontroller because of the ease of programming and ease of interfacing with other peripherals. The PIC Microcontroller has a CPU built in which consists of arithmetic logic unit (ALU), Memory unit (MU), control unit (CU), accumulator etc. The PIC micro controller supports RISC architecture that is reduced instruction set computer. This implying that there are very few instructions (approximately 35) which is used in the program. Secondly, the length of the instruction is small and fixed and takes same amount of time for processing. Thirdly, it will take less time to process as the instruction is small and therefore meaning the CPU will be fast. Finally debugging will be very easy and the compiler will not to be complex.
The PIC microcontroller also has random access memory which is a volatile memory and is used for the storing of data temporarily in its registers. These registers are then divided into two registers, one being the general purpose register, which will not have any special function or any special permission and can be easily accessed, and the other being the special function register. This register are designed to have specific functions, and when the register is used it will act according to the functions assigned to them. 
In addition to the random access memory the PIC has Read only memory which is a non-volatile memory used for storing data permanently. ROM will store the complete instructions or program to then be executed by the CPU. Two different types of memory, one being the EEPROM. Unlike normal ROM, which can only be programmed once, EEPROM can be electrically erased and the programme can be altered or changed if there is a fault or improvements to be made. The other memory being flash memory, flash memory is also PROM in which we can read write and erase the program more than 10,000 times.


Block diagram of Circuit design
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Figure 5 shows the block diagram that has been designed for my ultrasonic measuring device. By making this block diagram it helps design the circuit effectively and include all the necessary parts and components. This block diagram shows the central component being the microcontroller which powers and organises all the different components which have been connected. The LCD display will then be connected, which is essential for displaying all the measurements and having a user interface which is capable of being interacted with. 
Secondly, the push button switches which some are essential and some have been added for improved user experience. For example the ‘switch device on/off’ is essential for the product to work, by having this button it means it will save battery and avoid the device being powered on constantly. ‘Button 3’ is an added feature which I have incorporated into the design to allow the user to switch the units of the measurements recorded. 
Thirdly, the ultrasonic transducer has been connected to the microcontroller. The transducer works by having a transmitter and a receiver, both of which can be used to calculate the distance. Like previously mentioned the time it takes for the ultrasonic pulse to travel from the transmitter, to the surface being measured, and then back to the receiver directly correlates to the distance.
Finally the batteries which charge the microcontroller and give the device power is connected to the microcontroller. These batteries are rechargeable lithium batteries which can be charged by a USB port which will be charged via an external power supply. 
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Figure 6


Figure 6 is the circuit I have constructed on proteus to measure distances using ultrasonic waves. The main components of this circuit is the microcontroller, transducer, USB circuit, LCD display, switches and LED bulbs. First step of building the circuit was to find a suitable microcontroller that would be effective for the purpose of the design. The description for the microcontroller chosen is shown below:
‘PIC18F45K80 is a high performance 8-bit MCU with Integrated ECAN™ featuring eXtreme Low Power consumption. New features in PIC18F45K80 include low sleep current for low power application, 1.8V to 5.5V operating voltage for automotive, building control, elevator control and industrial application, Timers/Enhanced Compare/Capture/PWMs for precision timing control, 12-bit ADC for advance analog interface and Charge Time Measurement Unit for easy capacitive touch user interface’ [4]
From the description I can see the microcontroller is low power consumption which will be very useful in improving the battery life of the product. It also suggests that this microcontroller operates at 1.8V to 5.5V which is good for industrial applications which I believe will be the main intended use for this design product. Due to having a LCD in the design and many other devices it was important to have a microcontroller with enough pins to allow all the components to be connected. This microcontroller has a temperature range of -40 degrees Celsius to 125 degrees Celsius which makes it sufficient for industrial use. 

[image: Table

Description automatically generated]Figure 7 [5]


The PIC microcontroller that I chose for my design had a 12 bit ADC which I believe would have the resolution to be able to operate the ultrasonic transducer. The reason I did not go for the 8 bit ADC is because I don’t think I would receive as accurate measurements from the device, this is because the time it takes to send and receive the ultrasonic wave is so small the device needs to have high processing speeds. 
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Figure 8



Figure 8 is the design choice for the LCD. This LCD is the LM044L and the reason for choosing this is because its got a +5V single power supply which meets the specification. I can showcase 20 characters on 4 separate lines making it suitable for show casing the measurements and any additional text that needs to be displayed. It will show the measurements in a seven segment display making them clear to see. Finally this LCD is fully compatible with the PIC microcontroller I have chosen. The 2 line LCD, for example a RC1602D, was not chosen because I don’t believe I can clearly showcase the measurements. This device will be programmed to save four measurements and its important for them to feature on different lines making it easy to read and understand for the reader. 
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Figure 9

The HC-SR04 is an affordable and easy to use distance measuring sensor which has a range from 2cm to 400cm (about an inch to 13 feet). It emits an ultrasound at 40 000 Hz which travels through the air and if there is an object or obstacle on its path It will bounce back to the module. Setting the trig pin on a high state for 10micro seconds will generate the ultrasound needed. This meaning that it will send out an eight cycle ultrasonic burst, travelling at the speed of sound. The echo pin then goes high right away after that 8 cycle ultrasonic burst, and will start listening for that wave to be reflected from an object. This this measuring sensor is useful because if there is no object detected the echo pin will time-out after 38ms and go back into a low state. 
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Figure 10



Figure 10 shows the USB charging circuit I have constructed on proteus. The specification states that ‘The device should be hand held and powered by Li-ion batteries which can be recharged via a standard USB connector’. So for my design I have incorporated a standard USB receptacle connector therefore meeting the specification. In addition to the USB receptacle connector, lithium ion batteries have been added to again meet the specification.
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Figure 11


Figure 11 is the DHT11 temperature sensor that was incorporated into the ultrasonic measuring device circuit. Adding a temperature sensor was crucial to this circuit because temperature and humidity can effect the speed in which the ultrasonic waves travel through the air. This will then affect the time taken to travel from the transmitter to the receiver, directly impacting on the measure of distance taken by the device.


















Pseudo Code 
void print2lcd;
void ultra sonic transducer;
void temperature sensor;
void button 1;
void button 2;
void button 3;
void led green;
void led red;

void print2lcd;
lcd_gotoxy (   )
*Read and display measurement*

Void ultra-sonic transducer;
set B1 high;
wait 10uS;
set B1 low;
It needs a 10uS pulse on the “trig” to send the sonic wave
The you measure how long pin B2 is high for, and what the time is:
The formula is Distance = (time*speed of sound)/2

void temperature sensor;
Use temperature sensor readings and apply accordingly to measurements for increased accuracy

void switch 1;
if button 1 is pressed;
make port a3 low;    -turn device on
break;
if button 1 is pressed;
make port a3 high;    -turn device off
break;






void button 2;
if button 2 is pressed;
make port a2 low;    -take measurement 
break;
if button 2 is pressed;
make port a2 high;    -Reset measurement 
break;

void button 3;
if button 3 is pressed;
make port a1 low;    -Switch measurement units (cm) 
break;
if button 3 is pressed;
make port a1 high;    -switch measurement units (mm)
break;

void led red;
if battery level is below 10% 
make port a7 low;
break;
if battery level is above or equal to 10%
make port a7 high;
break;

void led green
if battery level is above or equal to 99%
make port a6 low;
break;
if battery level is below 99%;
make port a6 high;
break;
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Top view



This is my hardware design sketch for my ultra-sonic measuring device. Decision to make the device a bright colour like yellow was to make the device easy to see especially in building sites etc. The three push button switches shown in my circuit design can be seen clearly on the front along with the LED charging light indicators. The ‘Top view’ shows the ultrasonic transducer, this was positioned at the top to best avoid accidentally blocking it while holding it. 
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The estimated cost of the product would be around £25. Buying components in bulk from different sites could be a lot price effective and better for mass production. 






















Conclusion
In conclusion I believe I have learnt many valuable skills about the designing and building of electronic circuits. I have discovered new components and parts which could become very useful in the future.  If I was to design the circuit again I would think about adding a 16bit ADC to make the measurement readings as accurate as possible. In addition to change the ADC converter bit rate, I would change the ultra-sonic transducer for a more capable and accurate one which can measure larger distances. This technology could be used in many useful scenarios where knowing the distance from two surfaces is important. Primarily used as proximity sensors, which can be found in automobile self-parking technology and anti-collision safety systems.
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