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[bookmark: _Toc39528694]Abstract 
This Paper investigate the process of developing an obstacle avoiding robot car. A three wheel robot car is constructed and tested to see how well it performs. The finding are that a four wheel buggy would not be as sensitive to environmental disturbances and that you can not have accurate outcomes from the buggy as the motors used were under powered resulting in over programming to compensate for there inadequacies.     



[bookmark: _Toc39528695]Introduction 

The oxford dictionaries definition of ‘autonomous’ is ‘Denoting or performed by a device capable of operating without direct human control.’ [1]
An autonomous car is a car that can drive itself, park itself, make crucial problem solving calculations to decide what manoeuvre to make next based on practicality, speed, efficiency and safety. A fully autonomous vehicle would be a safer driver than a human. This is an invention that will change the world as we know it. It has been predicted that ‘Britain’s leading position in developing self-driving cars could produce a £62bn economic boost by 2030, the car industry claimed – but warned that such potential could be jeopardised by a no-deal Brexit.’ [2] It is inevitable that autonomous cars will be created, it is just a race to see who will get there first. 
Companies such as Tesla have already brought out cars with Autopilot feature inbuilt and state on their website that in the future these cars will be updated to have full self-driving capabilities. Tesla makes it clear that the autopilot feature is only there to aid driving and that the driver is still responsible for the car. [3]
[image: ]
[bookmark: _Toc39527428]Figure 1 Levels of automation for on-road vehicles
Level 3 - The most advanced autonomous cars that are on the roads and currently in development are classed as ‘conditional automation’.  This means that the vehicle is responsible for the monitoring of the environment using sensors like LIDAR and RADAR, refer to research. The driver still needs to pay attention to the road however when the conditions are safe they can relax with the safety critical functions such as braking. Conditional autonomous vehicles may require none of the driver’s attention when the vehicle is driving below 37mph. 






[bookmark: _Toc39528696]Aims and objectives 

· Investigate the electronic theory of an autonomous vehicle. 
· Evaluate and analyse gathered research on the electronic theory of autonomous vehicles.
· Design and implement an ‘autonomous’ vehicle that can drive without colliding with objects. 
· Evaluate and analyse the autonomous vehicle and write an document any improvements.  
· Main Objective: To design and build an autonomous car that can drive whiles avoiding obstacles in its path and manoeuvring around them. 






















[bookmark: _Toc39528697]Review of Related Literature

[bookmark: _Toc39528698]LIDAR

LIDAR stands for Light Detection and Ranging. It’s a form of electronic distance measurement. It scans its environment to form an electronic 3D map. LIDAR can ‘see’ only in depth. LIDAR works by firing out direct laser pulses that travel at the speed of light. The LIDAR measures the time it takes for the laser to travel from the LIDAR to an object and return to the LIDAR. [4]
There are two types of LIDAR Topographic and Bathymetric. Topographic LIDAR most commonly uses a near infrared Laser to map surroundings. Bathymetric LIDAR uses a green light that can penetrate through water. This type of LIDAR is typically used for scanning the seafloors and river beds geological architecture. [5]
LIDAR has a resolution of 2-3cm, This is needed for the car to get an accurate depiction of what is around it. [6] It has a range of 60m+ you can get ones that have a range of 240m. 
On the site Ouster they are selling digital LIDAR sensors. They cost between £3,500 and £24,000. The one that are used for autonomous cars often cost £75,000 per sensor [7] and are sold by Velodyne [8]. Autonomous Car LIDAR Technical specifications [9];
· 64 channels
· Range: 120m
· Up to ~2.2 million points per second
· Field of View: 360° Horizontal
· Field of View: 26.9° Vertical
· 0.08° angular resolution (azimuth)
· ~0.4° Vertical Resolution
· User selectable frame rate
· Rugged design


[bookmark: _Toc39528699]GPS
GPS stands for global positioning system. GPS’s are used for mapping and locating where devices are located around the globe. There are around 30 GPS satellites orbiting the Earth at an altitude of 20,000km and from any position on the Earth’s surface at least four GPS satellites are visible. In order for GPS to work you need contact with at least 3 satellites. The GPS sends a message to them and they will send a message back withholding the satellites location and the time the message from the GPS was received. [10]

[image: ]
[bookmark: _Toc39527429]Figure 2 Diagram of how GPS works



GPS’s are useful when using electronic mapping devices as it allows the user to see where they are. All autonomous cars have a GPS inbuilt as they will be driving on the roads. For this project a GPS will not be necessary as the small vehicle will be manoeuvring itself inside the University of Wales Trinity St Davids. 



[bookmark: _Toc39528700]Ultrasonic Sensors and Mapping 
[bookmark: _ej6mqhjq5dge]
The ultrasonic sensors that this project is going to be working with is the ultrasonic model HC-SR04. This sensor works using a speaker and a receiver. The ultrasonic model waits for the command from a PIC to tell it to measure. The ultrasonic speaker then produces a sonic wave and simultaneously starts an internal timer.  The timer runs until the receiver picks up an echo wave. The model then calculates the distance of the object in fount of it and puts the echo pin high for a proportional amount out time.
[image: Project 7 : Ultrasonic Model HC-SR04]
[bookmark: _Toc39527430]Figure 3 Ultrasonic Sensor
[11]
Ultrasonic sensors can be used in autonomous devices for ‘seeing’. The ultrasonic technology can enable devices to have depth perception of its surrounding area for around 2 meters. https://he01.tci-thaijo.org/index.php/bulletinAMS/index    

The Autonomous vehicle that will be developed is going to us ultrasonic sound as it’s main input. The section below contains research on ultrasonic sensors used in different devices and highlights the different ways they could be used.  

A document called ‘On Obstacle Avoidance of Multiple Ultrasonic Sensors Based on Aloha Robot’ talked through the development of a walking robot and how ultrasonic sensors were used in order to enable the robot to ‘see’/have 3D data of its immediate surroundings.

The Aloha robot uses five ultrasonic sensors spread out over a 180 degree area. The ultrasonic-sensors can detect 270 degrees of its surrounding area.     

[image: ]
[bookmark: _Toc39527431]Figure 4 Positioning of ultrasonic-sensors on Aloha robot

The article addresses the even though the ultrasonic sensor need to work together in order to have a good idea of what is surrounding Aloha, if they all run at the same time then you can get across interference and the reading may be faulty. To prevent this from happening the sensors fire in a cannon ball fashion, one after the other with a delay in-between to account for the echo phase. [12]

Autonomous cars being made today have inbuilt GPS systems that allows them to be able to track where they are know where to drive to. The autonomous vehicle that this paper is developing is not going to have a GPS system inbuilt. This means that other forms of tracking and mapping should be looked into. A document called ‘Autonomous robot for mapping using ultrasonic sensors’ describes the process of developing a mapping system that relies on Ultrasonic sensors. 

[image: ]
[bookmark: _Toc39527432]Figure 5 Robot Mapper
The robot uses Ultrasonic-sensors, rotary sensors and a gyroscope to map a room. The gyroscope keeps track of the position of the robot while the rotary encoder keeps count of the distance travelled. When the ultrasonic sensors detect an object the robot stops and transmits the data to a computing core. The computing core builds a 2D map based of the data. [13]
Table 1 Sensors
[image: ]



[bookmark: _9tiyabqx3smc][bookmark: _Toc39528701]IR Sensors and Homing Methodology.  

IR sensors are very flexible devices that can be used in a variety of ways. This research section will investigate how IR sensors are being used in devices that are heavily reliant on them and how they could be used in the navigation system of the autonomous vehicle that this project intends to design. 
[bookmark: _61cj86s07mht]
A Research document named ‘Sowing and Tilling Robot Controlled by IR Sensor’ [14] investigated the design of an autonomous farming machine that would plough the field, sow the seeds and cover them with soil. This autonomous vehicle used IR sensors for obstacle detection. It uses the same method that is used with ultrasonic sensors, refer to research on ultrasonic sensors. The vehicle has an IR transmitter and an IR receiver. The IR vehicle sensor that is short ranged. If an object is within the range of the IR sensor the IR receiver will pick up the reflected IR transition and send a signal to the PIC. The PIC tells the vehicle to turn right until the path is clear. This detection method is simple and means that the autonomous vehicle will only have a pinpoint 2D view of its environment. For an autonomous car this method would be too simple as the car would need more information to allow it to make an informed calculation. For farming practices this would most likely be fine as the field would be empty and the only obstacle would be the field divider i.e. hedge or gate.  
[image: ]


A paper called ‘An Incremental Approach in Evolving Robot Behaviour’ [15] studied an obstacle avoidance technique called ‘evolving’. This is where a code is developed over time/ incrementally depending on the robot’s behaviour and how it interacts with obstacles. The robot had eight IR sensors which enabled it to collect data of its surrounding objects. The robot was developed to follow a wall at a certain distance using the IR sensors. This project used a similar technique as the sowing and tilling robot. Whereas the sowing and tilling robot had one sensor, the robot in this paper has eight sensors placed at different depths on the robots body giving the robot depth perception meaning it can follow the wall whilst maintaining a certain distance. 

[image: ]

The IR sensors in [4]-[6] are all used to sense objects, acting as the device’s eyes. The research suggests that the IR sensors are being limited to these uses [16] even though they are suitable for a multiple of other uses such as a possible homing beacon for an autonomous device. 

A research paper called ‘Sensor-Based Legged Robot Homing Using Range-Only Target Localization’ [17] investigated a robot homing system based on radio frequency (RF) sensors. The goal of the project was to create a quadrupedal robot which would be able to navigate itself to a homing point through an unfamiliar convex obstacle-cluttered area with no GPS axes. The robot uses LIDAR for object detection and relies on RF communication as a homing system. The RF sensor provides range measurements from the desired destination. The algorithm extracts two-dimensional information about the destination from the one-dimensional signal.  
 
[image: ]


Heat-guided missiles are devices that use IR as a means of tracking/ homing in on a specific device. These missiles have four functions that it must perform for it to complete its job. These are:
1. Acquire the target
1. Track the target
1. Navigate to an intercept point with the target
1. Destroy the target [18].

A document named ‘Missile Sensors and Homing Systems’ [18]explores the different types of homing systems along with the benefits and downfalls of each type. There are three types of homing systems; passive, semi-active and active. The infrared method is classes as a passive homing system. This refers to the fact that to missile relies on external sources of information for it to detect and track its target. The missile itself does not emit anything.  The sensors are homed in a section of the circuit called the optical modulator or ‘reticle’. A method of locating the targets position involves an array of detector elements. The electronics involved in this method are complex, however it is noteworthy for the autonomous vehicle. [19]

[image: ]


According to a paper published, ‘Light Following Vehicle Control System’ [20], the majority of commercial light tracking detection devices use a sensor that rotates and waits for the light source to be detected. This paper went on to investigate an alternative method called ‘Fuzzy Eye’. This is a nonrotating sensor that is made up of multiple sensors laid out to form a convex hemisphere. The Fuzzy Eye is based on an insect’s apposition compound eye. It does not see in depth or colour but only in direction. The machine can work out the direction of the light source by monitoring with sensors can detects the light. In theory the Fuzzy Eye should be able detect the light source faster than the standard single rotating sensor as there are no mechanical movements involved. 

[image: ][image: ]

In this design, multiple sensors will pick up the light source at any one time with all with different strength signals. The sensor with the strongest signal is the one that is facing the light source. The light sensors can be thought of as an array and split up to sections. Using this method, it is them possible to work out what direction a vehicle or robot needs to travel in for it to reach the light source [20] [21]. 
. 

[image: ]
[bookmark: _Toc39527433]Figure 6 IR Matrix



[bookmark: _Toc39528702]Conclusion of IR sensors 

This research on IR sensors has explored the diverse ways they can be used in autonomous machines and different homing/ light detection devises. After researching different homing systems and devices that use radio, IR and light dependant sensor, the method most appropriate for the autonomous vehicle is the IR sensor. The IR sensor with its simplicity, reliability and affordability is ideal. The paper on the Fuzzy Eye is of particular interest and the methodology of this will be explored further into to project. A hypothesis of a design has been explored where the Fuzzy Eye has been simplified. Below is a diagram that was designed on Microsoft Publisher of how the IR sensor system could work. The lines through the main circle represent barriers that would section of the sensors from each other. 

[image: ]
[bookmark: _Toc39527434]Figure 7 Diagram of how the Autonomous Car will possibly use IR Sensors
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[bookmark: _Toc39528704]Introduction

[bookmark: _Toc39528705]Equipment 

Due to the limiting situation that the Covid-19 pandemic caused electronic supplies were limited. The materials and equipment that were used for the project were sufficient but given different circumstances better quality parts would have produced a more reliable and durable final product.    
Below is a table that lists all the equipment that was bought for the project. The first 

	Images of Equipment 
	

	[image: ]
	As the brains of the autonomous vehicle it was decided to use a PIC 16F877a. The reason for this choice was the fact that a development board from Waveshare could be purchased which had various modules could ed attach to the board for testing purpose, the board came supplied with a PIC16F877a.


	[image: ]
	2WD Robot Smart Car Chassis DIY Kits. 
This was purchased for the main body of the car. When constructed it is a three-wheeler buggy that comes with a battery pack and a switch for turning the car on and off.  The main plastic frame has pre-cut sections for attaching the electronic boards and models. 

	[image: ]
	Ultrasound Sensor Modules.
Three of these were bought as there will be the cars main sensor for object detection. They have been bought with the intention of having one facing forward and haven’t the other two on each side of the vehicle.  


	[image: ]
	Interrupt sensor.
The interrupt sensors are intended to be used for counting the wheel rotations. This model has two light sensors inbuilt. The wheels have 20 slots in them. The light sensors will could the slots as the vehicle runs, this will hopeful make it easier to accurately code the turning instructions. This is only being put in as the motors that are being used are basic so are not very reliable and due to the covid-19 circumstances another motor could not be ordered.       

	[image: ]
	L298N Speed DC Motor Driver Board. 
The L298N is the driver that is going to be used for powering the motor. 



	[image: ]
	PIC KIT 3
The PIC Kit 3 is going to be used to program the PIC. 



The PIC, the motor and the peripherals did not need to be bought as they were already available in the home where the devise is being developed.  
For software development MPLAB X IDE v5.30 was downloaded with the C compiler XC8 from the microchip website.
[image: ]
The IDE and compiler are compatible with the “PICKit 3” programmer. For this reason the software was used as it could be used for in circuit debugging of any downloaded software.

[bookmark: _Toc39528706]Ultrasonic Transmitter and Receiver
When I started on the development of project and before I purchased the ultrasonic modules, I investigated the possibility of designing my own ultrasonic sensors using components I had to hand.
[bookmark: _Toc39528707]Ultrasonic Transmitter Unit
It could be possible to use a PIC micro controller to output a 40 kHz signal for the ultrasound transmitter, but this would tie up resources on the PIC.  It was decided it would be better to build an oscillator circuit to do the same job and so simplify the workload of the micro controller. The microcontroller is then just used to control the astable, switching it on etc, which then produces the 40 kHz driving signal for the ultrasound transmitter.
[bookmark: _Toc39528708]Basic CMOS R-C Oscillator
The circuit is made from basic gates. The inputs operate around half the supply voltage and the outputs can swing all the way to both positive and negative supply potentials. The low power requirement and supply voltage range of 3 to 15 volts make them ideal for use in battery powered circuits.
The requirement for R-C oscillator circuits is a pair of inverters connected in series as shown below.
[image: ]
[bookmark: _Toc39527435]Figure 8 Screen Shot Designed on LiveWire
The oscillator action is, if the output of G1 goes HIGH it becomes the input of G2 and G2 output goes LOW or negative. The R1C1 network is controlled by the first gate G1 and this is fed back to the input of G1 which operates in loop to generate square waves. When the low input is fed into G1 high output is produced from it. This starts charging the capacitor through R1 when the Capacitor Voltage V reaches the input threshold G1 the output of G1 switches to low 0. The capacitor starts discharging and thus repeats the same procedure continuously, forming square waves. 
As the voltage polarity across C1 is reversed every half cycle it cannot be a polarised type such as an electrolytic.
The time required for each half-cycle is 1.1xRxC so the frequency is given by the formula,

Where R = R1 and C = C1.
[bookmark: _Toc39528709]Resistor R2
Resistor R2 purpose is, at the instant when the output of G2 starts to change state, i.e. to positive, the side of capacitor C1 facing the input of G1 is at half the supply voltage. As G2’s output switches this side is raised initially to one and a half times the supply voltage- the same thing happening for negative output changes only in the opposite direction with the input to G1 dropping to half the supply voltage below the negative rail. Most B-series CMOS devices contain internal circuitry designed to protect their inputs from such voltages to prevent static discharge damage. The protection usually consists of diode networks arranged to conduct if voltages above or below the supplies are connected to the, the R_C oscillator circuit this would result in rapid initial discharge of C1 whilst its voltage exceeded the supplies. This would adversely affect performance and stability so R2 restricts current flow into the protection and so reducing the effect. The value of the resistor should be reasonably high in comparison with R1. A ratio of four to one or greater is recommended. [21]
[bookmark: _Toc39528710]Using a NAND gate
There are various such circuits, but a simple one is to use NAND gates. So, using the formula above we can calculate the value of the components we will need. 
We know we want an output frequency of 40kHz and starting with a readily available capacitor of 1nF it is possible for to calculate:


Re-arrange equation to make R the subject;

Therefore;

So a suitable resistor for R1 would be in the range of 11k to 12k and following from above a value for R2 of 100k will be more than adequate. Therefore the available values of 100k will be used and for R1 10k and 1k in series.





[bookmark: _Toc39528711]Simulation 
The circuit was first built using the Livewire CAD package, this simulates in real. The simulation gives a quick idea as to the viability of the circuit.

[image: ]
[bookmark: _Toc39527436]Figure 9 Live Wire Simulation of Ultrasonic Unit
Using the packages signal generator a 10Hz square wave signal was simulated to mimic the input from a micro controller. Then using the packages oscilloscope this trace was obtained.
[image: ]
[bookmark: _Toc39527437]Figure 10 LIveWire Graph of XSC1

In the trace above, the input pulse is shown in blue and the output signal in red. The multiple oscillations are shown as a block inside of the input signal, the limitation of this CAD package are born in mind, it only being used as a quick test of viability.
[image: ]
[bookmark: _Toc39527438]Figure 11 Oscillator Circuit Built on Breadboard







  
[bookmark: _Toc39528712]Receiver 
By passing through air the signal will be attenuated. It is therefore necessary to amplify the echoed signal, by an amount that will give a useful input for the processing stage.
[bookmark: _Toc39528713]Sound Attenuation in Air  
Attenuation is a function of distance. It is an expected phenomenon that can be affected by multiple peripheral factors such as humidity, temperature and atmospheric pressure. Ultrasonic attenuation is mostly linear with respect to the decibel scale. It can be represented in terms of db/ft or db/m. [22]

a=0.01(db/ft) * f 
a=0.033(db/m) * f
Where: f is frequency and a is attenuation in terms of kHz; so with a 40kHz signal, a signal loss can be calculated; 


Therefore the attenuation of a signal reflected back form an object 10 metres away is going to be the attenuation caused by travelling 20 metres -26.4db.
Knowing this the amount of gain needed to be provided by the amplifier circuit can be calculated.
a=0.01(db/ft) * f
a=0.033(db/m) * f
A quick guide to this is the fact that dB is a logarithmic scale. This means that certain numbers are easily recognised such as 3db is equal to ½ or 2 (depending whether it is a gain or a loss). 
A gain of 10 = 10db, and a gain of 100 = 20db.  
So the value of 26db consists of 20+3+3; 



So as an approximate figure, to correct the attenuation of the signal, an amplifier with a gain of 400 is needed.
A more exact calculation gives me confirmation and works out as:-


;

So therefore a gain ratio of 446.68 is needed so to simplify matters, a gain of 450:1 will be surfactant for the amplifier module.  
[image: ]
[bookmark: _Toc39527439]Figure 12 LiveWire Simulation of Basic Two Stage Inverting Amplifier Circuit
Apart from amplifying the signal it will also have to be filtered to the specific frequency of the transmitted signal.
[bookmark: _Toc39528714]Conclusion
Having explored the possibility of using this method it has been decided that the cost in time and possible lack of accuracy made it non-viable and it would be better to use the ultrasound module HC-SR04.

















[bookmark: _Toc39528715]Ultrasonic Ranging Module HC - SR04
[image: ]
Ultrasonic ranging module HC - SR04 can be bought for £1.40 per unit and provides 2cm - 400cm non-contact measurement. The module has an ultrasonic transmitters, receiver and control circuit. All together this makes it an obvious choice for use in the project.
The module has four pins VCC, Ground, Trig and Echo. The VCC needs to be connected to the 5V power supply of the project, the ground to the ground of the project and the Trig and Echo to appropriate digital I/O pins on the PIC.
The unit works by setting the input trigger (Trig)  HIGH for 10us.
The Module then automatically sends eight 40 kHz pulses and detects whether there is a pulse signal back. [23]
[image: ]
[bookmark: _Toc39527440]Figure 13Circuit Diagram of HC-SR04 







[bookmark: _Toc39528716]Timing Diagram
After the Trig pin has been HIGH for 10uS it goes LOW. The pulse to the trigger makes the module  send out a 8 pulses of ultrasound at 40 kHz. When the signals echo is received the Echo pin will go HIGH and stay HIGH for the amount of time that it takes the signal to return back to the module. By counting the time between the Echo pin going HIGH and it returning back to LOW the distance between the ultrasound module and the object can be calculated. 
[image: ]
[bookmark: _Toc39527441]Figure 14 Ultrasonic Model Timing Diagram

[bookmark: _Toc39528717]Implementation
We know that the speed of sound in air is 343 meters per second. 
Therefore; 
	Distance Meters
	Time in Seconds
	
	Distance Travelled in mm

	343
	1
	
	=
	343000

	
	
	
	
	


Distance Travelled in one second in mm is; 343000
Therefore, distance travelled in one ms is; 343
Distance travelled in one microsecond is; 0.343
Distance travelled in 3 microseconds is; 0.999845 or approximately 1mm. 
From the modules parameters the minimum range is 2cm or 20mm, as 1mm takes 3us the time to travel 20mm is 20 x 3 = 60us so the signal to the object will take this time and the echo will take a corresponding time, so it should be looked for after 120us period of time has elapsed. 
Also, from the modules parameters the maximum range is 4 meters, which is 4000mm.
Calculating; [4000 x 3 = 12000us] x 2 = 24000us as a maximum time elapse. Any returning signal must be received within this time. 




[bookmark: _Toc39528718]HC - SR04 and the Development Board

For the project to work it will need to have input from the ultrasound module to see obstacles and to know the distance to any obstacles encountered. In order to get the software working the development board was used and a eight segment LED display attached ( x4). The LED’s are used as a user interface to display the distance recorded by the ultrasonic model. In order to achieve this a program must be written that outputs meaning full values onto the LED’s. See appendix (i). Using this it was input it into the software that was written for the ultrasound module. It was used as a header file with some modifications to output the distance calculated. Appendix(ii) LED circuit.

[bookmark: _Toc39528719]Microcontroller Configuration 
There are configuration bits in the microcontroller memory that control the operation of the device, it’s important to set these bits. The #pragma config macro is used. 
This 14-Bit register is located in the ROM (program) memory at the address 2007h. You can easily find the description of this register in the datasheet at section 14.1 (page144). [24]
[image: The Configuration Word Fuses Register]
[bookmark: _Toc39527442]Figure 15 14-Bit register of PIC ROM 
With MPLAB IDE, in the production drop down menu there is an element for generating the configuration bits for the microcontroller, clicking on this enables the configuration bit generator.
[image: ]
[bookmark: _Toc39527443]Figure 16 Screen Shot, Set Config Bits
[image: ]
[bookmark: _Toc39527444]Figure 17 Screen Shot
These bits include CDP data code protection, BOREN brown-out reset etc appendix (iii)
One of the most important selections is for the clock as this will give the frequency that the PIC will run at, this affects the power consumed. The faster the frequency the greater the power consumption, but this must be offset against the accuracy needed for distance measurement.  In this case it was decided to use a crystal, this is declared in the line:- 
#pragma config FOSC = XT        // Oscillator Selection bits (XT oscillator)
The frequency of the crystal is declared in the line:-
#define _XTAL_FREQ 4000000
[bookmark: _Toc39528720]PIC16F877A Timer Modules
The timer is used to measure a time delay; in this case it’s the time between the “echo” pin on the Ultrasound module transitioning from HIGH to LOW. This time elapse allows for the distance of a detected object to be calculated. The timer is used to count cycles, these digital cycles can be supplied either by an external source such as a crystal [XT] or internally. The timer is a simple binary counter that is configured to count clock pulses. 
This PIC has three timer modules, TIMER 0, TIMER 1 and TIMER 2. Timer 0 has a register called TMR0 Register, which is 8 bits of size. This timer will not be used for the measurement as it has only one byte.
[bookmark: _Toc39528721]TIMER 1
This is a 16 bit counter and consists of two eight bit registers (TMR1H, TMR1L). It is readable and writable; it has an internal or external clock select and   1,2,4,8 programmable Pre-scaler.
“Prescaler: Prescaler is a block that presents inside the timer module and it is used to divide the clock frequency by a constant. It allows the timer to be clocked at the rate a user desire.”
https://openlabpro.com/guide/pic16f877a-timer/
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[bookmark: _Toc39527445]Figure 18 Timer 1 Control Register

[image: ][image: ]
[bookmark: _Toc39527446]Figure 19 Block Diagram Timer 1
 Timer 1 has a register called TMR1 the table below shows the registers associated with it.
[image: ]
[bookmark: _Toc39527447]Figure 20 Registers Associated With Timer 1

[bookmark: _Toc39528722]Timer1 Operation in Timer Mode
Timer 1 clock source (TMR1CS) bit is used to select the clock source. If TMR1CS is set as 0, the internal clock is used for the input of the timer, if a 1 is set it will be used as a clock source for the external source. If the timer mode selected is the internal clock, clearing the TMR1CS (T1CON<1>) bit, then the input clock to the timer is FOSC/4.
Also, the synchronize control bit, T1SYNC (T1CON<2>), has no effect being as the internal clock is always in sync.



[bookmark: _Toc39528723]Timing Calculation by Timer 1
The clock source frequency XT is 4MHz;
Fosc = 4MHz;
So timer frequency is Fosc/4 = 1MHz;
And if prescaller is set to 1:1, the count fequency will be 1MHz or 1us.

[bookmark: _Toc39528724]Using Timer to Calculate Distance
The speed of sound in air is 343m/sec, so there for the distance travelled in 1us will be 343 * 10-6 = 343um. It can therefor be approximated that in 3us it will travel 1mm.
[bookmark: _Toc39528725]Writing the Software
In order to display the output the LED program had to be used as a header file.
#include "8_segment_counter.h"
As previously mentioned, the configuration word was set to use a crystal and it is defined as 4MHz.
#define _XTAL_FREQ 4000000
#define TRIG PORTDbits.RD0
#define ECHO PORTDbits.RD1
To make the code more readable the input and output pins were given names to correspond to the names of the pins on the ultrasound module, now when these are called in code they will refer to the IO pins on the PIC. Due to the fact that PORTA, PORTB and PORTE are used by the LED display PORTD will be used to interface with the ultrasound module. The pins for PORTD were initially set as outputs in the data direction register;
TRISD = 0X00;   //this sets all of port d as output
The pins were then set to LOW in order that they held a value in memory;
    	PORTD = 0X00;   //initialises all pins to low
Lastly pin1 of PORTD was set as the input from the ultrasound that is the ECHO;
    	TRISDbits.TRISD1 = 1;    //this sets pin 1 as an input
Next the timer was set as a function to be called from main. The first statement tells it to use the internal clock and the next two are used for declaring any prescaler.
void setup_timer()
{
    	TMR1CS = 0;                // uses internal clock
    	T1CKPS0 = 0;                 //prescaler set to 0
    	T1CKPS1 = 0;               //this means 1:1 so no division
    return;
}  
In this case as can be seen from the inline comments no prescaler is used.
A function called from main was used to initialise the timer;
void initialiseTimer1()
{

T1CON = 0X00;          //sets all registers in timer register 1 LOW
TMR1ON = 0;                //the timer is disabled
__delay_ms(2);               //delay allow any module vibration to dissipate

TMR1H = 0;               //Sets the Initial Value of Timer 1 high byte
TMR1L = 0;                //Sets the Initial Value of Timer 1 low byte
return;
}
The inline comments explain the purpose of each statement. The purpose of the function is to make sure that everything is reset to a start condition including any residue vibration. Before the delay of 2ms was added there were problems with the iterations of the programme, this was fixed with the addition of a delay.   
As the code is being used to call the LED program in main, to avoid confusion the operation and calculations for the module have been made into a function that is called from main.
The first part of the function declares and initialises variables for holding the calculated values. Next, the code is used to set the trigger and thus generate the signal. The ECHO pin which is initially LOW is polled and when it goes HIGH the TMR1ON flag is set starting the timer and this counts until ECHO goes LOW. TMR1ON is stopped by clearing the flag. The time taken for the flag to go from HIGH to LOW is held in the high and low bytes of TIMER1. In order to get the timer value TMR1H must be bit shifted and OR’d with TMR1L this has the effect of multiplying the value in TMR1H by 256. 
This value is held in the variable timerValue and can now be converted into distance. Remembering from the previous calculations that 3us approximates to 1mm, dividing the value in timerValue by 3 will give the value for distance. As the signal has gone to the object and back the final calculation for distance is halved, distance/2.

double getDistanceFromModule()
{
   	 register double timerValue, distance; 
    	timerValue = 0;     //initilise values
   	 distance = 0;
   	 ////// GENERATES ULTRASOUND SIGNAL  ////////////////////////
   	 TRIG = 1;   //this turns the pin high and starts the ranging module
   	 __delay_us(10);         //the delay time to keep the signal on to send the pulse
   	TRIG = 0;
 	  /////////////////////////////////////////////
   	 while(!ECHO)
        	   ;              //Waiting for the Echo
  	 ///////////////////////////////////
  	      TMR1ON = 1;               //Timer Starts
 	  //----------------------------------------     
  	      while(ECHO)
   	         ;               //Waiting for Echo goes LOW
   ////////////////////////////////////////////////////     
  	      TMR1ON = 0;               //Timer Stops	
 	  /**************************************************/
   	/*          calculations              */
    	     timerValue = (TMR1L | (TMR1H<<8)); //Reads Timer Value
        	 //bit shifts the higher byte 8 places to the left and OR's
       	  //with lower byte this has the effect of multiplying higher byte
       	  //by 256 and then adding them together
       	  distance = timerValue/3;              //Converts Time to Distance in mm
                    //speed of sound 343 meters second there for in 3us
                    //sound travels 1mm    
      	   distance = distance/2;
                    //distance halved as sound travelling there and back
       	   return distance;
}
The value of the distance is returned to the main function where it is passed onto the display function and output on the LED’s.
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[bookmark: _Toc39527448]Figure 21 Pictures of working Ultrasonic model
Above is the development board and ultrasound module and it is showing the object blocked signal.

Below are a series of pictures showing an output from the 7 segment displays. 
[image: ][image: ]   [image: ]
The reading obtained from the output agreed with measurements taken with a ruler and were more than adequate for the project, as no high degree of accuracy is required. 
Table 2 Reading of Ultrasonic model against a tape measure
	Distance
	Reading

	250mm
	249mm

	100mm
	098mm

	50mm
	49mm
























[bookmark: _Toc39528726]Using the IR Infrared Slotted Optical Optocoupler

This consists of an infrared module with three pins VCC, GND and DOUT. When the beam is broke the sensor will turn on the signal indicator and DOUT will go "HIGH” or else the indicator will be off and DOUT will be “LOW”.  Appendix (v) has schematic and specifications for IR unit. 
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[bookmark: _Toc39527449]Figure 22 Infrared Unit    	Figure 23 Slotted Wheel
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[bookmark: _Toc39527450]Figure 24 LED, Indicator ON 	Figure 25 LED, Indicator OFF				
In order for the IR module to work some controlled means of breaking the beam is used and to do this a slotted wheel with 20 openings is used. This wheel is attached to a shaft on the electric motor of the robot, as shown in the picture below, and can indicate motor speed by counting the number of times the beam is broken in a given length of time i.e. one second is one hertz.

[image: ]
A problem with the motors used on the project was that, due to the fact that they were budget, there was no datasheet available and although there were nominal specifications there was no exact data available.
In order to work out the speed of the motor a small program was written that counted the wheel turns. The LED module and software that was used previously was reused to output the count.
To simplify matters insulation tape was used to blank off all but one slot so each revolution would be counted only once.  
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[bookmark: _Toc39527451]Figure 26 Encoder Wheel covered with tape to leave only one hole
By covering the encoder wheel with insulation tape and leaving only one hole visible, it would send the sensor high only once per revolution. A while loop was then programmed so that it would pole the pin on PORTDbits.RD2 connected to the sensor every 10ms. Using a delay the motor was told to run for a set amount of time.
Using the eight led module on the development board, it was able to count and display the number of times the sensor went high.
A table was constructed from the readings for 10, 20 and 60 second period. From this it was found that the motor ran at 10 - 11Hz
[image: ][image: ]
[bookmark: _Toc39527452]Figure 27 Screen Shots of Excel Table for motor speed
Appendix (vi) shows table of readings
From this it can be calculated that as there are 20 slots in the optic wheel it can be approximated that a slot passes the IR receiver at 210 times per second.
This gives a frequency of 4.8 ms per signal, as the signal is looking for a transition from ‘HIGH’ to ‘LOW’ or ‘LOW’ to ‘HIGH’ the timing needs to be double to 9.6ms and after experimenting it was found that setting the poling of the input at 10ms gave the best results.
[bookmark: _Toc39528727]Output 
The main outputs are the two electric motors that drive the robot. Shown below is one of the motors attached to a wheel, the slotted encoder will be attached to the stub axel on the opposite side of the motor from the driven wheel. Appendix (vii)
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[bookmark: _Toc39527453]Figure 28 Motor and Wheel
The PIC microprocessor cannot directly drive the motor, so a dual H-Bridge module is used to interface between the PIC and the motors. 
[bookmark: _Toc39528728]Motor Driver Board Dual H-Bridge Stepper Motor Module 

[image: ]
[bookmark: _Toc39527454]Figure 29 DollaTek 5Pcs Dual Channel L298N PWM Speed DC Motor Driver Board Dual H-Bridge Stepper Motor Module
A “H bridge” is an electronic circuit that switches the polarity of a voltage applied to a load. The dual H-Bridge module is used in battery-powered smart car, toy cars and robots. It can manage a supply voltage 2V ~ 10V and can drive two DC motors, which is what has been put on my robot.
As can be seen in the picture above to the left are inputs IN1,IN2 and IN3, IN4 these take signals from the PIC . Above the inputs is the power supply input marked + and - . To the right are the outputs to the motors labelled MOTOR-A and MOTOR-B.
The direction that the motors turn is controlled by using the IN1, IN2, IN3 and IN4 input pins on the motor driver board, which are connected to outputs on the PIC microcontroller. 
To make Motor A go forward, set IN1=HIGH and IN2=LOW. To make Motor A go backward set IN1=LOW and IN2=HIGH. It is the same for Motor B
To stop the power can be cut from the motors by setting all inputs LOW. The motor will then stop through friction. If a sharp braking is needed setting all inputs HIGH will cause this to happen.
[bookmark: _Toc39528729]Motor Driver Truth Tables
Here are some handy tables to show the various modes of operation.
	Motor A truth table [motor B is the same]

	
	IN1
	IN2
	Description

	
	
	
	

	
	0
	0
	Motor A is stopped 

	
	0
	1
	Motor A is on and turning backwards

	
	1
	0
	Motor A is on and turning forwards

	
	1
	1
	Motor A is stopped (brakes)


[bookmark: _Toc39527455]Figure 30 Motor A truth table
[bookmark: _Toc39528730]Writing the software

Using this knowledge code was written to control the direction of the motors.
Output pins on PORTC were used to connect to the H-Bridge module; 
 #define FORWARD_left PORTCbits.RC0
#define FORWARD_right PORTCbits.RC1
#define BACK_left PORTCbits.RC2
#define BACK_right PORTCbits.RC3
For ease of use the pins were defined using a straight forward name. It was quite simple then to set a pin high or low following the truth table.
Additionally, the code that had been previously done with the Optocoupler wheel and was integrated so it would be able to control the robot.
#define WHEEL_TURNS PORTDbits.RD2
Again the input pin being used to read the Optocoupler was given a meaning full name. To make the robot go forward the code below was used.
  	FORWARD_left = 1;
        	BACK_left = 0;
        	FORWARD_right = 1;
       	 BACK_right = 0;
And using the following code the robot was then made to go forward and then spin on its axis.
      	  while(1)
       	{
          	 if(WHEEL_TURNS)
      	  {
            		  countWheelTurn++;
  }
The part of the code above assumes that the signal is HIGH, however if the signal is LOW then the following code puts a 4.5ms delay before the count starts. It is counting the change from the Optocoupler signal going from LOW to HIGH.
   	     else if (!WHEEL_TURNS) {}; 
            	       timeingDelayLoop++;
           	 __delay_ms(10);      //calculated at 4.8ms per slot and 9.6ms per transition
When the count of the wheel turn reaches 80 it causes the loop to break. The Optocoupler wheel has 20 slots so the wheel will have turned 80/20 which is four revolutions. The wheel circumference is 20cm, so the robot will travel 80cm
           	 if (countWheelTurn == 80)break;          
   Then the code reverses the left motor and so the robot spins on the spot. See appendix (viii) for full code.  
      	  FORWARD_left = 0;
     	   BACK_left = 1;
    	    FORWARD_right = 1;
    	    BACK_right = 0;

[bookmark: _Toc39528731]PWM Control
The H-bridge controls the directionality of the motors but not their speed. In order to control the speed of the motor the electric driving force needs to be controlled, that is the voltage applied to the motor. A technique for doing this is Pulse Width Modulation.
[bookmark: _Toc39528732]What is a PWM Signal?
Pulse Width Modulation (PWM) is a digital cycle signal which is commonly used in control circuitry. This signal is set high (5v) and low (0v) in a predefined time and speed. The time during which the signal stays high is called the “on time” and the time during which the signal stays low is called the “off time”.  There are two important parameters for a PWM.
[bookmark: _Toc39528733] Duty cycle of the PWM:
The percentage of time in which the PWM signal remains HIGH (on time) is called as duty cycle. If the signal is always ON it is in 100% duty cycle and if it is always off it is 0% duty cycle.
Duty Cycle =Turn ON time/ (Turn ON time + Turn OFF time)


[bookmark: _Toc39528734]PWM using PIC16F877A:
PWM signals can be generated in the PIC Microcontroller by using the CCP (Compare Capture PWM) module. The resolution of our PWM signal is 10-bit, that is for a value of 0 there will be a duty cycle of 0% and for a value of 1024 (2^10) there will be a duty cycle of 100%. There are two CCP modules in the PIC MCU (CCP1 And CCP2), this means it can generate two PWM signals on two different pins (pin 17 and 16) simultaneously. The following registers are used to generate PWM signals using the PIC MCU:
1. CCP1CON  (CCP1 control Register)
2. T2CON (Timer 2 Control Register)
3. PR2  (Timer 2 modules Period Register)
4. CCPR1L (CCP Register 1 Low)
[bookmark: _Toc39528735] PWM signal generation using CCP block of PIC
Below is a block diagram of showing operation of PWM generation, this can be used to control the speed of DC motors
[image: ]
[bookmark: _Toc39527456]Figure 31 Block Diagram of PWM Block Diagram taken from Data Sheet
Setting up TMR2 [timer 2] resistor, PR2[period 2] resistor and CCPR1L resistor which is used to store the count related to duty cycle.  
“A PWM output (Figure 8-4) has a time base (period) and a time that the output stays high (duty cycle). The frequency of the PWM is the inverse of the period (1/period).” From 16F877a datasheet










[bookmark: _Toc39528736] PWM OUTPUT
[image: ]
[bookmark: _Toc39527457]Figure 32 PWM Output, taken from Data Sheet

When producing a signal then count relating to “t” ON [duty cycle] is stored in CCPR1L and count relating to frequency is stored in PR2 [ period “t”].
The output signal will be generated at pin RC2 figure 8-3 above, this will initially be at a logic 1. 
TMR2 is initialised at 0, when turned on it will be incremented by 1 on every clock cycle. 
Referring to 8-3 the comparator connected to R [reset] input on the flip-flop compares the content of TMR2 with the content of CCPR1H (Slave) .  CCPR1L is copied [or latched into CCPR1H (Slave)
“PWM frequency is defined as 1/[PWM period].
“When TMR2 is equal to PR2, the following three events occur on the next increment cycle:
• TMR2 is cleared
• The CCP1 pin is set (exception: if PWM duty cycle = 0%, the CCP1 pin will not be set)
• The PWM duty cycle is latched from CCPR1L into CCPR1H” 
From datasheet 16F877A”
[So a value has only to be loaded into CCPR1L only.]
When the value of TMR2 and CCPR1H are equal a signal is sent to ‘Reset’ on the flip-flop and the signal at RC2 will go to logic 0. So the ‘ON’ period is related to count that is stored in CCPR1H. The signal at RC2 is low so the second comparator start comparing the content of TMR2 with the content of PR2, when both values are equal the comparator will send a signal to the ‘Set’ input of the flip-flop so turning the output of the flip-flop and so pin RC2 “HIGH”.
This cycle will be repeated, the content of CCPR1L will be copied into CCPR1H and TMR2 is cleared.


[bookmark: _Toc39528737]Setting up the Timer Control Register

The first bit ‘7’ is don’t care, so can be set to ‘0’. The next four bits of T2CON are used for post scale, post scale is not used so the value for these will be low.
[‘0000’]. TMR2ON bit is used to turn timer 2 on so initialise this is set as ‘0’’ but will be set to ‘1’ when it is needed to turn on. Bits 1 and 0 are used for prescale, in order to use a prescale value of 16 then bit 1 is set HIGH and bit 0 is don’t care – so can be set to ‘0’.
So T2CON resistor can be initialised to ‘0b00000010’.
[image: ]
[bookmark: _Toc39527458]Figure 33 Data Sheet, Registers










[bookmark: _Toc39528738]Next CCP1CON register is setup

Bits 7-6 are unimplemented so can be set to ‘00’
As shown below bits 5-4 are the LSB of the duty cycle and are used to store the decimal point fraction of the duty cycle. So, these can be cleared as no fractions will be used ‘00’ 
Bits 3-2 need to be set for PWM ‘11’ and bits 1-0 don’t care so can be set to ‘00’.
So CCP1CON can be initialised to 0b00001100
[image: ]
[bookmark: _Toc39527459]Figure 34 Data Sheet Screen Grab


[bookmark: _Toc39528739] Calculations to find Values for PR2 Resistor and CCPR1L

N = prescaler value (16)
Fosc = 4Mhz;  Fpwm = 1kHrtz [required frequency]
PR2 = [Fosc/Fpwm x 4x N] – 1  ;  PR2 = [4 x10^6/1^3 x 4x 16] – 1
PR2 = [4x10^6/1x10^3x4x16]-1 = 62.5 so 
PR2 = 63
If a 10% duty cycle is required then CCPR1L will be equal to 63 x10/100 = 6.3 or ≈ 6 
If a 50% duty cycle is required then CCPR1L will be equal to 63 x50/100 = 31.5 or ≈ 32
If a 75% duty cycle is required then CCPR1L will be equal to 63 x75/100 = 47.25 or ≈ 47
If a 80% duty cycle is required then CCPR1L will be equal to 63 x80/100 = 50.4 or ≈ 50
If a 90% duty cycle is required then CCPR1L will be equal to 63 x90/100 = 56.7 or ≈ 57

[bookmark: _Toc39528740]Writing a C program to Generate a PWM Signal
#include <p16f877a>
void main (void)
{
///////// initialisation /////////////////////
TRISCbits.TRISC2 = 0;	//this makes this an output pin
	CCP1CON = 0b00001100;	//initialises the capture compare resistor for PWM
	T2CON = 0b00000010;		//this sets our prescaler to 16
	PR2 = 63;		//this give the frequency  of the PWM signal
	CCPR1L = 32;		//this gives a duty cycle of 50%
////////////////////////////////////////////////////////////////
	while(1)
{
	TMR2IF = 0;	// clear TMR2IF flag
			//when this flag is set to 0 it indicates one cycle has been completed
TMR2 = 0;	//	
TMR2ON = 1;	//turns timer on
while (TMR2IF==0);	//continually execute until condition false
			//then come out and execute the outer while loop


[bookmark: _Toc39528741]Using the PWM signal.
In practice it was found that using a PWM input had no advantage. The motors used, as previously mentioned, are budget devices. It was found that below 75% the motors did not run at all. The PWM signal did run the motors between 80% and 100%, but this made no practical difference to the project aims. A drawback to using PWM was that the PIC 16f877a, that was being used, only produces a PWM signal on two output pins. So only the forward or reverse could be controlled, but not both with PWM. Also, the drives would be constricted and could only use particular pins. It was therefore decided that as there was no advantage to using PWM for this project, it would not be used. If higher quality motors were being used then it would be a practical proposition. Even though this didn’t work out as planned useful knowledge was gained in trying out this technique.  
























[bookmark: _Toc39528742]Building the project

It was straight forward to fix the parts that came with the kit together. The battery holder, electric motors, on-off switch and rear swivel wheel went on easily using the fixings supplied with the kit. There were some problems securing the wheels to the axel on the motor and needed to use a ‘G-clamp’ to push them into place. The optic wheels went on the axel on the opposite side of the motor to the driving wheels.  
Block diagram of model car
[image: ]





The IR sensor for the optic wheel went through an opening in the chassis and straddled the optic-wheel; a hot-melt glue gun needed to be used in order to hold it in position.
Next, Veroboard was used and some single row curved connectors to make-up a power source distribution hub. This supplies the power from the batteries to the different devices on the car.
Veroboard was also used to build a circuit as a holder for the PIC microcontroller.
[image: ]
[bookmark: _Toc39527460]Figure 35 Diagram of Circuit on Veroboard


Below is a photo of some components used to make the circuit board. On the far right there is 40 DIL socket holder, in the centre is the Veroboard, at the back is the solder, on the left is the capacitors and in the front is a single row of curved connectors.

[image: ]
[bookmark: _Toc39527461]Figure 36 Photo of Components
  	 
The components were soldered to the Veroboard following the circuit in figure 30.
[image: ][image: ]
The Veroboard circuit was fixed to the robot using a hot melt glue gun and a piece of meccano.

[bookmark: _Toc39528743]Testing 
As stated at the beginning of the practical report testing was carried out during the development stage. However, only when the complete package is put together can it be seen if it actually works.
Initially a quick test was done to see if it ran, this was described early in the section on the optical wheel.
The first test was to make the car go forward by a set distance. In order to do this a code was written to tell it to count a set number of ‘HIGH’ on the optical wheel input. This meant that the number of revolutions of the wheel could be controlled and as the circumference of the wheel I known the distance it should travel can be calculated.  Firstly, both forward drive pins were made ‘HIGH’;
      	FORWARD_left = 1;
       	 BACK_left = 0;
       	 FORWARD_right = 1;
       	 BACK_right = 0;

Next a loop was used to keep counting the number of times the input pin goes high. To do this a variable countWheelTurn was declared to hold the number. If the IR was unbroken it would increment the count, if it was broken then it would not. 
      	 while(1)
     	  {
      	     if(WHEEL_TURNS)
      	      {
             		   countWheelTurn++;
         	   }
       	 else if (!WHEEL_TURNS) {}; 
       	__delay_ms(10);      //calculated at 4.8ms per slot and 9.6ms per transition
            if (countWheelTurn == 80)break;       
     	  }
When the count reaches 80 the loop stops and the brake is applied to the motors; 
      	   FORWARD_left = 1;
     	   BACK_left = 1;
      	  FORWARD_right = 1;
   	     BACK_right = 1;
There are 20 slots in a revolution so 80/20 is 4 revolutions. The circumference of the wheel is roughly 200mm, so in 4 revolutions the car should travel about 800mm. However, when this was tried out on a flat marked floor I found it only went 660mm. The reason for the approximation is that when the diameter of the wheel was measured it was 65mm, which is equal to a circumference of 200mm. But when a piece of tape was used around the outer edge of the tyre it read 216mm.
The discrepancy was considered, it was concluded that the difference between the calculation with a free running motor and that observed with the car was caused by the car imparting a load on the motor. The load on the motor will make the motor turn slower, the delay therefore had to be altered to allow for this fact.
The delay in the loop was altered; 
__delay_ms(15);      //altered delay
 When this was tried out it was found that it overshot by 140mm. It could be assume that it is not reading every pulse. Therefore the timing was altered to 12.5ms and found that it undershot by 20mm. Again the timing was altered to 12.75ms and it still undershot. 13mm was then tried and this seemed to be the most accurate, but there was some deviation at each run of about 10mm.
The tests were then repeated a count of 40; this should give a distance of 400mm. This gave a consistency similar to the previous tests and so it was decided to use a timing delay of 13ms as this was the best case situation. The motors and gears that are being used are not precision or high quality, for these reasons inconsistencies can be expected and have to be accepted and allowed for.  
After revaluating this process and considering the limitations of the equipment it was decided to rewrite the code, so no timing would be involved and all reading would be taken from the optic wheel pulses.
 void goingForward()
{
        FORWARD_left = 1;       //left motor forward    
        BACK_left = 0;          //left motor not backward           
        FORWARD_right = 1;      //right motor forward
        BACK_right = 0;         //right motor not reverse
        // these set the two motors going forward ////////
      while(1)        //this keeps the drive going until a break condition is met
    {
        syncWheels();   //this calls a function that make the wheels run equally
        while(WHEEL_TURNS_LEFT&& WHEEL_TURNS_RIGHT)
            ;           //this condition is met immediately as it has
                        // been created by the syncWheel function
            if(WHEEL_TURNS_LEFT !=WHEEL_TURNS_RIGHT)
            {           //if the wheels have gone out function called to synch them 
                syncWheels();
            }//signal from IR module is high*/
       while(!WHEEL_TURNS_LEFT && !WHEEL_TURNS_RIGHT)
           ;  //signal goes low
            countWheelTurnLeft++ ;      //variables increment
           countWheelTurnRight++ ;      //
        if (countWheelTurnLeft == 20||countWheelTurnRight >= 20)
        {       //condition is met so loop ends and returns to main
            break;
        } 
  
To make the above code work the two optic wheels need to run in synch, to do this a small function was written.  
void syncWheels()
{       //this can be used to synch either wheel
        //  both forward or reverse as it declares either motor 0
    while(1)
    {  
        while(WHEEL_TURNS_LEFT != WHEEL_TURNS_RIGHT)
        {       //if the left optic wheel is showing HIGH but the right is LOW the left motor is stopped
            FORWARD_left = 0;
            BACK_left = 0;
        }
        if(WHEEL_TURNS_LEFT == WHEEL_TURNS_RIGHT)
        { //when both are HIGH the motor is re-energised they are both in synch and break returns it to the calling function
            FORWARD_left = 1;
            BACK_left = 0;
            break;  
        }
    } 
This code was a lot simpler and regardless of any load on the motors and therefore changes in frequency, the optic wheel pulses will always be the same. Another advantage that was found with this method, was that with one revolution the car went its own body length 240mm. This could be used as a standard unit in the programming. 
#define LENGTH 20   //the car is 240mm long
After putting the hardware parts together and making sure it could drive itself, the various software controllers had to be brought together. In order to make it easier to follow I used header files for the different pieces of software, I used a separate header for the ultrasound software etc.
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[bookmark: _Toc39527462]Figure 37 Screen Shot of program
The next test was to make sure that the car stops at a given distance from a wall.
The ultrasound software was added using a header file ;
#include "ultrasound.h"
It was tested by letting it run towards an object. Using a while loop which had a break condition;
if(distance <= 200)
          	  {
           	     break;
          	  }
The test proved successful, until it ran into a shoe and pulled some of the wires loose.
It was noted that it did over-run, when the stop condition is met and assume this is caused by the motors and vehicles inertia. This was probably a factor in the earlier testing and a note will be made for any future electronic endeavours or improvement that things such as inertia need to be considered in any project. 
The next test that was developed was for it to go forward to an object, as above, when it came to an object turn right 90 degrees and then run on until it detected an object and then stop. This proved successful.
Two more ultrasound modules were then mounted on the car one on the left and one on the right.
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[bookmark: _Toc39527463]Figure 38 Photo of Car with three ultrasonic sensors on it
Using these two extra modules with the forward facing module it was possible to make the car self-steer, it will avoid be steering away from to its left or right.
In order to do this a simple formula is used.




A truth table was build in excel to prove this;
First closing up from right
Table 3 Truth Table for self-steering car, closing up from the right
	
	
	
	
	
	
	
	

	go straight
	turn right
	
	Turn left
	
	x
	y

	straight
	
	--- 
	
	 ---
	
	250
	250

	straight
	
	--- 
	
	 ---
	
	225
	250

	straight
	
	--- 
	
	 ---
	
	200
	250

	straight
	
	--- 
	
	 ---
	
	175
	250

	straight
	
	--- 
	
	 ---
	
	150
	250

	 --- 
	
	--- 
	
	 ---
	
	125
	250

	 --- 
	
	--- 
	
	turn left
	
	100
	250

	 --- 
	
	--- 
	
	turn left
	
	75
	250

	 --- 
	
	--- 
	
	turn left
	
	50
	250

	 --- 
	
	--- 
	
	turn left
	
	25
	250

	 --- 
	
	
	
	
	
	
	



 
Closing up from the left
Table 4 Truth Table for self-steering car, closing up from the left
	go straight
	
	
	
	
	x
	y

	straight
	
	--- 
	
	 ---
	
	250
	250

	straight
	
	--- 
	
	 ---
	
	250
	225

	straight
	
	--- 
	
	 ---
	
	250
	200

	straight
	
	--- 
	
	 ---
	
	250
	175

	 --- 
	
	turn right
	
	 ---
	
	250
	150

	 --- 
	
	turn right
	
	 ---
	
	250
	125

	 --- 
	
	turn right
	
	 ---
	
	250
	100

	 --- 
	
	turn right
	
	 ---
	
	250
	75

	 --- 
	
	turn right
	
	 ---
	
	250
	50

	 --- 
	
	turn right
	
	 ---
	
	250
	25

	 --- 
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[bookmark: _Toc39527464]Figure 39 Diagram of the equations working prosses
 
  As can be seen from the above table, the idea is that the robot can make its own decision based on what it detects around it, if something in front of it stops, the robot will make a decision on what to next based on whether or not there is anything on the right or lift. The robot can compensate for its environment in order for it to keep traveling.
A software was created that reiterated the previously developed software to test this idea, but unfortunately have not been able to test it at present as there have been problems with the Veroboard circuit and ideally would build a printed circuit board.
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[bookmark: _Toc39527465]Figure 40 PCB Design
An attempt of making a PCB was made but unfortunately it did not work, it is probable that the copper board was left in too long.
[image: ]
[bookmark: _Toc39527466]Figure 41 Photo of PCB

If there was more time then a few more attempts would be made. 



















[bookmark: _Toc39528744]Conclusion 


A lot has been learn from developing this project. If this project was redone then better components would be used, unfortunately due to circumstances having components shipped was an issue. If the development stage was started earlier then the products and matterials that would have been more preferred would have been easily obtained. This has made clear that better time management would have made a big difference to the project’s outcome. As an example, the optic wheels that was used only has single slots. After further research optic wheels that have slots as an inner and outer part of the wheel would found and the two groups are out of faze. Using these would allow the engineer to know the direction the wheel was travelling in. These wheels are used with a double output from the IR module. 
Also bigger motors would be used at least 12v so allowing the car to use PWM and so would have better control of the speed of the vehicle. Another change that would be made is that the vehical would have four wheels rather than three. Using a two wheeled vehicle with a bogie wheel at the back and underpowered motors did cause some problems; the problem was overcame by making the wheels run in synch with each other going forward see appendix (ix).
For further development of the project it would be possible to have a blue tooth or similar connection and a GUI [graphic user interface] for a PC user to be able to modify the behaviour of the autonomous vehicle tp suite different situations. 
If the development carried on from here, then an IR homing sensors would be added like discussed in the related literate section. They would allow the car to travel to a destination and not just avoid objects. 
A lot of these problem could have been avoided with better time management and more in-depth research before development began. Going forward the electronic, programming and project management knowledge that has been developed over the past months will prove useful for future experiments and projects. 
The fully conclude the aim to develop an ‘autonomous’ car that had object avoiding features was achieved.  
[bookmark: _Toc39528745]Gannt Chart and Planning 

Over the course of this project a gantt chart was prepared in order to help micromanage the time constrains better. Certain things can not be planned for such as the Covid-19 out break and disruptions it caused to the development of this project. That being said it, planning and time contains were still a big use during the development of the project and it was something that needs to be revaluating when planning gantt charts. Even though a gantt chart was made at the start of the year, the goals and dead line set with init were not practical. Time related skills are something that need to be better developed if other future projects are to be undertaken. 
[image: ]
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[bookmark: _Toc39528747]Appendix 
(i)
/*
 * File:   main.c
 * Author: Sara Vonk
 * LED driver
 * Created on 01 April 2020, 15:41
 */

#include <pic.h>
#include <stdio.h>
#include <xc.h>
#include <pic16f877a.h>
#include <stdlib.h>

#pragma config FOSC = XT        // Oscillator Selection bits (XT oscillator)
#pragma config WDTE = OFF        // Watchdog Timer Enable bit (WDT enabled)
#pragma config PWRTE = OFF      // Power-up Timer Enable bit (PWRT disabled)
#pragma config BOREN = OFF       // Brown-out Reset Enable bit (BOR enabled)
#pragma config LVP = OFF         // Low-Voltage (Single-Supply) In-Circuit Serial Programming Enable bit (RB3/PGM pin has PGM function; low-voltage programming enabled)
#pragma config CPD = OFF        // Data EEPROM Memory Code Protection bit (Data EEPROM code protection off)
#pragma config WRT = OFF        // Flash Program Memory Write Enable bits (Write protection off; all program memory may be written to by EECON control)
#pragma config CP = OFF         // Flash Program Memory Code Protection bit (Code protection off)

#define _XTAL_FREQ 4000000
#define THOUSANDS PORTAbits.RA0
#define HUNDREDS PORTAbits.RA1
#define TENS PORTAbits.RA2
#define UNITS PORTAbits.RA3


///////////////////////////////
void initialiseForLed();
void selectNumeral(int a);
void calculateThousands(int a);
void calculateHundreds(int a);
void calculateTens(int a);
void calculateUnits(int a);
///////////////////////////////////
void initialiseForLed()
{
    ADCON0 = 0x00;      //turns of ad convertion
    ADCON1 = 0x00;
    
    
    TRISA = 0x00;
    TRISB = 0X00;
    TRISC = 0X00;
    TRISD = 0X00;
    TRISE = 0X00;
    
    
    PORTE = 0X07;
    return;
}
///////////////////////////////
void selectNumeral(int a)
{   
    switch(a)
    {
        case 1 : PORTB = 0b11111001; break;            //numbers 1
        case 2 : PORTB = 0b10100100; break;            //numbers 2   
        case 3 : PORTB = 0b10110000; break;            //numbers 3       
        case 4 : PORTB = 0b10011001; break;           //numbers 4
        case 5 : PORTB = 0b10010010; break;           //numbers 5
        case 6 : PORTB = 0b10000010; break;           //numbers 6
        case 7 : PORTB = 0b11111000; break;           //numbers 7
        case 8 : PORTB = 0b10000000; break;           //numbers 8
        case 9 : PORTB = 0b10010000; break;            //numbers 9
        default : PORTB = 0b11000000;                  //numbers 0
    
    }
    return;
    
}
////////////////////////
void calculateThousands(int a)
{ 
    int wholeNumber, remainder;
    
    wholeNumber = a/1000; //this leaves number to be shown in thousands
    remainder = a% 1000;  //this gives the number to pass on to calculate hundred parts
    
    THOUSANDS = 1;     //port a MSB lowest LSB highest this selects the segment for 
                       //the appropriate denary placement  
    
    selectNumeral(wholeNumber);     //this passes the whole number for selection
                                    //by a switch statement
                                    
    calculateHundreds(remainder);   //this pass the remainder value to a function to
                                    //calculate the hundreds value
    return;
    
}
/////////////////////
void calculateHundreds(int a)
{
     int wholeNumber, remainder;
    
    wholeNumber = a/100; //this leaves number to be shown in thousands
    remainder = a% 100;  //this gives the number to pass on to calculate hundred parts
    
    HUNDREDS = 1;     //port a MSB lowest LSB highest this selects the segment for 
                       //the appropriate denary placement  
    
    selectNumeral(wholeNumber);     //this passes the whole number for selection
                                    //by a switch statement
                                    
    calculateTens(remainder);   //this pass the remainder value to a function to
                                    //calculate the hundreds value
    return;
}
/////////////////////////////////////////
void calculateTens(int a)
{
     int wholeNumber, remainder;
    
    wholeNumber = a/10; //this leaves number to be shown in thousands
    remainder = a% 10;  //this gives the number to pass on to calculate hundred parts
    
    TENS = 1;     //port a MSB lowest LSB highest this selects the segment for 
                       //the appropriate denary placement  
    
    selectNumeral(wholeNumber);     //this passes the whole number for selection
                                    //by a switch statement
                                    
    calculateUnits(remainder);   //this pass the remainder value to a function to
                                    //calculate the 10 value
    return;
}
/////////////////////
void calculateUnits(int a)
{
        
    UNITS = 1;     //port a MSB lowest LSB highest this selects the segment for 
                       //the appropriate denary placement  
    selectNumeral(a);     //this passes the whole number for selection
                                    //by a switch statement
           return;
}
///////////////
void main(void) 
{   
    register long int trialNumber;
    trialNumber = 0;
    
    initialiseForLed();
    
    while(trialNumber<10000)
    {
        calculateThousands(trialNumber);
        trialNumber++;
        //__delay_us(1000);
    }
    
    
    while(1)
    continue;
}

(ii)
Schematic for LED’s
[image: ]


(iii)
Setting the configuration word on a PIC microprocessor.
See this hyper link for more details
https://microcontrollerslab.com/set-configuration-bits-microcontroller/
https://openlabpro.com/guide/pic16f877a-configuration-bits/
(iv) main.c code for ultrasound measurement.
#define _XTAL_FREQ 4000000
#define TRIG PORTDbits.RD0
#define ECHO PORTDbits.RD1
//////////////////////////////
void initialise_PortD_for_ultrasound_module();
void setup_timer();
void initialiseTimer1();
double getDistanceFromModule();
/*******************************/
void initialise_PortD_for_ultrasound_module()
{
    TRISD = 0X00;   //this sets all of port d as output
    PORTD = 0X00;   //initialises all pins to low
    TRISDbits.TRISD1 = 1;    //this sets pin 1 as an input
    //this sets up the register for pin 0 as an output rest input
    return;
}
void setup_timer()
{
    TMR1CS = 0;                // uses internal clock
    T1CKPS0 = 0;                 //prescaler set to 0
    T1CKPS1 = 0;               //this means 1:1 so no division
    return;

}
void initialiseTimer1()
{
      T1CON = 0X00;          //sets all registers in timer register 1 LOW
        TMR1ON = 0;                //the timer is disabled
        __delay_ms(2);               //delay allow any module vibration to dissipate    
    
        TMR1H = 0;               //Sets the Initial Value of Timer 1 high byte   
        TMR1L = 0;                //Sets the Initial Value of Timer 1 low byte
             return;
}
/*************************************/
double getDistanceFromModule()
{
    register double timerValue, distance; 
    timerValue = 0;     //nitialise values
    distance = 0;
    
    ////// GENERATES ULTRASOUND SIGNAL  ////////////////////////
    TRIG = 1;   //this turns the pin high and starts the ranging module
    __delay_us(10);         //the delay time to keep the signal on to send the pulse
   TRIG = 0;
   /////////////////////////////////////////////
    while(!ECHO)
           ;              //Waiting for the Echo
   ///////////////////////////////////
        TMR1ON = 1;               //Timer Starts
   //----------------------------------------     
        while(ECHO)
            ;               //Waiting for Echo goes LOW
   ////////////////////////////////////////////////////     
        TMR1ON = 0;               //Timer Stops	
   /**************************************************/
   /*          calculations              */
         timerValue = (TMR1L | (TMR1H<<8)); //Reads Timer Value
         //bit shifts the higher byte 8 places to the left and OR’s
         //with lower byte this has the effect of multiplying higher byte
         //by 256 and then adding them together
         distance = timerValue/3;              //Converts Time to Distance in mm
                    //speed of sound 343 meters second there for in 3us
                    //sound travels 1mm    
         distance = distance/2;
                    //distance halved as sound travelling there and back
         
         return distance;
}
/********************************************/
void main(void) 
{
    //initialise ports
    TRISA = 0X00;
    TRISB = 0X00;
    TRISC = 0X00;
    TRISE = 0B000;
    
    double newdistance, oldDistance;
    newdistance = 0;
    oldDistance = 0;
    
    initialise_PortD_for_ultrasound_module();
    setup_timer();
  
    
     /**********************************/
   
    while(1)
    {
        
        
        initialise_PortD_for_ultrasound_module();
        setup_timer();
        initialiseTimer1();
            
        newdistance = getDistanceFromModule();
        if(newdistance != oldDistance)
        {
            eightSegmentDisplay(newdistance);
            oldDistance = newdistance;
            
        }
        else
        {
            oldDistance = newdistance;
            eightSegmentDisplay(oldDistance);
           ;
        }
        //__delay_ms(50);
   }
     while(1)
        continue;
}


[bookmark: _Toc39528748](v) Photo Interrupter
[bookmark: _Toc39528749]Product Highlights
1. Infrared detection, eliminating the interferences of external stray light
1. Robot speed measuring module
1. Photo interrupter sensor
1. Schmitt trigger, stable wave form and signals
1. Signal output indicator (while breaking the beam, outputs low level, the indicator lights up)
[bookmark: _Toc39528750]Description
1. Infrared detection, eliminating the interferences of external stray light
1. Robot speed measuring module
1. Photo interrupter sensor
1. Schmitt trigger, stable wave form and signals
1. Signal output indicator (while breaking the beam, outputs low level, the indicator lights up)
[bookmark: _Toc39528751]Specifications
1. Power: 3.3V ~ 5V
1. Dimension: 26.8mm × 15mm × 18.7mm
1. Mounting holes size: 3mm
1. Gap width: 6mm
1. Photo Interrupter Sensor x 1
1. 20-slots encoder disk x 1
1. XH2.54 3PIN wire x 1
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[image: ]
(vi) optical wheel readings
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	(vii) Electric motor
	
	
	
	
	
	
	


Specifications: biaxial 
Reduction ratio: 1:48
3V load speed / min: 125
3V load install 66mm wheel speed m / min: 26
3V load speed / min: 208
3V load install 66mm wheel speed m / min: 44
Torque: 0.8KG / CM


(viii) 
void main(void)
{
    long int countWheelTurn = 0;
     //////// initialise  /////////////
    TRISA = 0X00;     
    TRISB = 0X00;
    TRISC = 0X00;
    TRISD = 0Xff;
    TRISE = 0X00;
     //PORTDbits.RD2 = the input pin
   //outputs on portc are pins RC0 15;RC1 16;RC2 17;RC3 18
        FORWARD_left = 1;
        BACK_left = 0;
        FORWARD_right = 1;
        BACK_right = 0;
        countWheelTurn = WHEEL_TURNS;
       while(1)
       {
           if(WHEEL_TURNS)
            {
                countWheelTurn++;
            }
        else if (!WHEEL_TURNS) {}; 
        __delay_ms(10);      //calculated at 4.8ms per slot and 9.6ms per transition
            if (countWheelTurn == 80)break;       
       }
         FORWARD_left = 0;
        BACK_left = 1;
        FORWARD_right = 1;
        BACK_right = 0;
     while(1)
        continue;
  }


(ix)
void syncWheels()
{       //this can be used to synch either wheel
        //  both forward or reverse as it declares either motor 0
    while(1)
    {
    
        while(WHEEL_TURNS_LEFT != WHEEL_TURNS_RIGHT)
        {       //if the left optic wheel is showing HIGH
                //but the right is LOW the left motor is stopped
            FORWARD_left = 0;
            BACK_left = 0;
        }
        if(WHEEL_TURNS_LEFT == WHEEL_TURNS_RIGHT)
        {       //when both are HIGH the motor is re-energised
                //they are both in synch and break returns it to the calling function
            FORWARD_left = 1;
            BACK_left = 0;
            break;  
        }
    }
     
    
    return;
}
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Gyroscope Secnses angular speed 1

moves on a flat surface and the map is created using a fop-down
representation (as if it is being visualized at from the top), the
only turns considered are those made in the z-axis (yaw). Turns
in the x-axis (roll) and in the y-axis (pitch) are not considered
in the scope of this project.

The three ultrasonic sensors, Bluctooth module, gyroscope
sensor, and rotary encoder are respectively indicated in Figure |
(a), (b), (c) and (d). Since all the wheels turn the same number
of times when moving forward and backward, only one rotary

encoder is used. These sensors, module, and encoder are the The MPU-9150 gyroscope, manufactured by the SparkFun
elements responsible for the robot’s perception of the world. Company, is used to keep track of the robot’s angular

orientation. This sensor is capable of sensing rotation in the
C. Obstacle distance measuring system three axes: x, y, and z. When the sensor is rotated, two small

mass elements inside of it are dislocated to opposite directions
because of the Coriolis force [8]. This shifting generates a
capacity change that is proportional to the angular velocity in
which the sensor is rotating. This velocity is converted to a small
voltage. The initial reference angle, angular speed and time of
rotation are the necessary variables to calculate the new angular
orientation of the sensor over each iteration.

This system is responsible for providing three groups of
information at each iteration of the mapping robot’s execution:
its distance to front, left and right obstacles. In this three-sensor
layout, the goal is to gather enough information to create the 2-
D map, with the least amount of data possible.

E. Odometry system

The odometry system keeps track of the number of rotations
of the mapping robot’s wheels while moving forward and
backward. Rotary encoders, or wheel encoders, are used with
this goal. These encoders are electro-mechanical devices that
create an output proportional to the angular position of a shaft
or axle. In this project, an incremental rotary encoder is used.
This type of encoder increments or decrements the value of a
variable used to determine how many rotations a motor has
performed.

As explained by [9], the incremental encoders use two sets
of transparent disks with opaque sections, LEDs, and photo
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An essential part of the mapping task is to gather data from
the environment. To do that, one can use a wide range of
sensors, varying depending on the application. The ability to
sense the environment, or perception, allows the robot to be
aware of two distinct types of information: internal and external
states [2]. Internal state refers to data regarding the robot’s own
status, while the external state is related to data from the
environment. In this project, the relevant internal state is the
number of rotations that the robot’s wheels have performed
(odometry) and its angular position. The desired external state
is the distance between the robot and obstacles in the
environment. Table I details the sensors used, their quantities
and specific purposes in the mapping robot.

TABLEL  QUANTITY AND DESCRIPTION OF THE SENSORS USED
Sensor Sensing capability Quantity used
Ultrasonic Senses the distance to N

obstacles
Rotary Senses the number of
1
Encoder rotations of a motor
Gyroscope Senses angular speed 1

The three ultrasonic sensors, Bluetooth module, gyroscope
sensor, and rotary encoder are respectively indicated in Figure |
(a), (b), (c) and {d). Since all the wheels turn the same number
of times when moving forward and backward, only one rotary
encoder is used. These sensors, module, and encoder are the
clements responsible for the robot’s perception of the world.

C. Obstacle distance measuring system

This system is responsible for providing three groups of
information at each iteration of the mapping robot’s execution:
its distance to front, left and right obstacles. In this three-sensor
layout, the goal is to gather enough information to create the 2-
D map, with the least amount of data possible.

high-frequency sound pulse that travels in Space, hits an
obstacle, and is reflected. The reflected pulse is sensed by a
receiver and the total echo time—interval between the sending
and receiving of the pulse—is calculated. Eq. (1) presents the
formula used to calculate distance based on the echo time. Note
that the speed of sound is not the same for different mediums. In
this project, since the medium used is the air, the reference
speed of sound is 343 m/s.

ccho time » speed of sound
oo time - speed of sound m

Distance

The ultrasonic sensors used in this project are manufactured
by Seeed Company. They have a detection range from 3 cm to
4 m. The recommended sensing radius is 30°, centered in the
transceiver (transmitter and receiver element) of the sensor.

D. Orientation measuring system

The goal of the orientation measuring system is to keep track
of the robot’s angular orientation with respect to a fixed axis
over time. This information is paramount in the map creation
process and in the turning routine of the robot. Since the robot
moves on a flat surface and the map is created using a top-down
representation (as if it is being visualized at from the top), the
only turns considered are those made in the z-axis (yaw). Turns
in the x-axis (ro/l) and in the y-axis (pitch) are not considered
in the scope of this project.

The MPU-9150 gyroscope, manufactured by the SparkFun
Company, is used to keep track of the robot’s angular
orientation. This sensor is capable of sensing rotation in the
three axes: x, y, and z. When the sensor is rotated, two small
mass elements inside of it are dislocated to opposite directions
because of the Coriolis force [8]. This shifting generates a
capacity change that is proportional to the angular velocity in
which the sensor is rotating. This velocity is converted to a small
voltage. The initial reference angle, angular speed and time of
rotation are the necessary variables to calculate the new angular
orientation of the sensor over each iteration.

E. Odometry system

The odometry system keeps track of the number of rotations
of the mapping robot’s wheels while moving forward and
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Devices Included in T!'|e operating mode is determined by the clock select the PIC® Mid-Range MCU Family Reference Manual
[P this Data Sheet: bit, TMR1CS (T1CON<1>).
(DS33023).
[ High-performance
W RISC CPU:
y [F Peripheral Features:
A Analog Features: REGISTER 6-1:  T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)
< [ special U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
& Microcontroller — — | T1cKPS1|T1CKPSO| T10SCEN |TISYNC|TMRICS | TMRION
[P cMOS Technology: bit7 bit0
[P Pin Diagrams
[P pin Diagrams bit 7-6 Unimplemented: Read as ‘0’
(Continued;
7 Sl bit54  TICKPS1:T1CKPSO0: Timer1 Input Clock Prescale Select bits
Table of Contents
[P Most Current Data 11 = 1:8 prescale value
Sheet 10 = 1:4 prescale value
 Errata 01 = 1:2 prescale value
7 00 = 1:1 prescale value
Customer
Notification System bit 3 T10SCEN: Timer1 Oscillator Enable Control bit
I 1.0 Device 1= Oscillator is enabled
Overview 0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
e g?g’::z‘zgn bit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit
I 30 Data EEPROM When TMR1CS = 1. _
and Flash Program 1 = Do not synchronize external clock input
Memory 0 = Synchronize external clock input
[P 401/0 Ports When TMR1CS
P 5.0 Timer0 Module This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
=P 60 Timer1 Module v bit 1 TMR1CS: Timer1 Clock Source Select bit
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bit 7-6 Unimplemented: Read as '0’

bit 5-4 TICKPS1:T1CKPS0: Timer1 Input Clock Prescale Select bits
11 =1:8 prescale value

10 =1:4 prescale value

01 =1:2 prescale value

00 =1:1 prescale value

bit 3 TIOSCEN: Timer1 Oscillator Enable Control bit

1 = Oscillator is enabled

0 = Oscillator is shut-off (the oscillator inverter is turned off to eliminate power drain)
bit 2 TISYNC: Timer1 External Clock Input Synchronization Control bit
When TMR1CS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMR1CS = 0:

This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
bit 1 TMR1CS: Timer1 Clock Source Select bit

1 = External clock from pin RCO/T10SO/T1CKI (on the rising edge)
0 = Internal clock (Fosc/4)

bit 0 TMR1ON: Timer1 On bit

1 =Enables Timer1

0 = Stops Timer1
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this Data Sheet:
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[P High-Performance
RISC CPU:

[P Peripheral Features:
[P Analog Features:

[P Special
Microcontroller
Features:

[P cMOS Technology:

[P Pin Diagrams

[P Pin Diagrams
(Continued)

[F Table of Contents

[ Most Current Data
Sheet

P Errata
[ customer
Notification System

I 1.0 Device
Ovenview

[P 2.0 Memory
Organization

I 30 Data EEPROM
and Flash Program
Memory

% 401/0 ports
I 5.0 Timer0 Module
=P 60 Timer1 Module

Note: Amows indicate counter increments.

6.3 Timer1 Operation in Synchronized
Counter Mode

Counter mode is selected by setting bit TMR1CS. In
this mode, the timer increments on every rising edge of
dock input on pin RCI/TIOSUCCP2 when bit
TIOSCEN is set, or on pin RCO/TIOSO/TICKI when
bit TIOSCEN is cleared.

FIGURE 6-2: TIMER1 BLOCK DIAGRAM

It TISYNG is cleared, then the external clock input is
synchronized with intemnal phase clocks. The synchro-
nization is done after the prescaler stage. The
prescaler stage is an asynchronous ripple counter.

In this configuration, during Sleep mode, Timer1 willnot
increment even i the external clock is present since the
synchronization circuit is shut-off. The prescaler,
however, will continue to increment

Set Flag bit
TMRIIF on
Overflow.

Synchronized
Clock Input

L TMR1
TMR1H

: T10SC.

1

TISYNC

Prescaler ‘Synchronize |

ReoT10S0TICKI ; }
| L T10SCEN  Fosais Ty N
: . Enable — niemal T T
R 2 Q Clock.

RC1T10SICCP2@)

Note 1: When the TIOSCEN bit s cleared, the inverter is tumed off. This eliminates power drain

Oscilatod® Goge

TICKPS1.TICKPSO
TMRICS
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[P Devices Included in
this Data Sheet:

[P High-Performance
RISC CPU:

[P Peripheral Features: PIC16F87XA

[P Analog Features:
[P Special

el 6.7 Reh:;t::g.rm;;rlr_leﬂ Register Pair 6.8 Timer1 Prescaler
Features: u g ) The prescaler counter is cleared on wiites to the
[P cMOS Technology: TMR1H and TMRIL registers are not reset to 00h on a TMR1H or TMRIL registers.
g POR, or any other Reset, except by the CCP1 and
[P Pin Diagrams CCP2 special event triggers.
[P Pin Diagrams T1CON register is reset to 00h on a Power-on Reset,
(Continued) or a Brown-out Reset, which shuts off the timer and
P leaves a 1:1 prescale. In all other Resets, the register
Table of Contents is unaffected
[ Most Current Data
Sheet TABLE 62:  REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/ICOUNTER
[P Errata . | value on
naaress | name | o7 |mus | s | mee | mes | me2 | mur | o [Vaeon | SIS
[ customer g Resets
Notification System OBhsbn, |INTCON| GIE | PEIE | TMROIE | INTE | RBIE | TMROFF | INTE | RBIF [ocoo ooox|oooo ooou]
I 1.0 Device 1080, 1880
O‘verwew och PIR1__[PsPIF| ADIF | RCIF TXIF SSPIF_| CCP1IF | TMR2IF | TMR1IF 0000 0000|
i sch PIE1_|PsPIEM| ADIE | RCIE TXIE | SSPIE_| CCP1IE | TMR2IE | TMRIIE 0000 0000|
2.0 Memory 0En [ TMR1L [Holding Register for the Least Significant Byte of the 16-bit TMR1 Register wuuu |
Organization oFn TMR1H |Holding Regster for the Most Signiicant Byte of the 16-b1 TMR1 Register e g
I 30 Data EEPROM 1on TICON| — | — [TICKPS1[TICKPSO[TIOSCEN] TTSYNG | TMR1CS[TMRION| 00 0000|-uu
and Flash Program Legend: = unknown, u: = unchanged, - = unimplemented, read as ‘0. Shaded cels are not used by the Timer1 module.
Memory Note 1:  Bils PSPIE and PSPIF are reserved on the 26-pin devices; always maintan these bs clear.

% 401/0 ports
I 5.0 Timer0 Module
=P 60 Timer1 Module v
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I covered the encoder wheel with insulation tape

leaving only one hole visible.

that would send the sensor high only once per revelution.

Ithen programmed a while loop so that it would pole the sensor every 10ms
and also using a delay | could get the motor to run for a set amount of time.
using the eight led module on the development board | was able to count
the number of times the sensor went high.

Ibuilt a table from the readings for 10, 20 and 60 second period.

from this | deduced that the motor ran at 10- 11Hz

s there are 20 slots in the optic wheel it can be approximted that a slot passess the
IR reciever at 210 times per second

this gives a fequency of 4.8 ms

after experimenting | found that setting the poling of the input at 4.5ms was satisfactory
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View this order
DollaTek 5Pcs Dual Channel L298N PWM Speed DC Motor Driver Board Dual H-Bridge Stepper Motor Module £5.99
by DollaTek Jp;'lme

KA Adty v 4ratings
FREE Delivery by Wednesday

Price: £5.99 vprime f you order within 10 hrs 7 mins. Details
Note: This item is eligible for click and collect. Details Extended delivery time: We're
N N N temporarily prioritizing the delivery of
® Dual H-bride tor di , dr two DC motors. 4-wire two-| tors.
jal H-bridge motor driver, can drive ‘motors or a 4-wire two-phase stepper mof g i -

« Built-in TSD, without worrying about motor stall

* Ultra-small size, suitable for assembly and car

« motor drive module s ideal for use in battery-powered smart car, toy cars, robots. Supply voltage 2V ~ 10V, can drive two,
DC motors or a 4-wire 2-phase stepper motors .can achieve forward rotation or reverse rotation, it is possible to adjust the
rotation speed.

 Small size, light weight, O standby current, s the ideal choice for your car model. Only 2 left in stock.
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I 60 Timer1 Module
I 7.0 Timer2 Module
& || P 80 Capture/Compare/PWiM Modules

[ TABLE 8-1: CCP Mode - Timer
ResourceS REQUIRED

[ TABLE 8-2: Interaction of Two CCP
Modules

[P Register 8-1: CCP1CON
Register/CCP2CON Register
(Address 17h/1DH)

[P 8.1 Capture Mode

[P 8.2 Compare Mode

E{F 83 PWM Mode (PWM)

" o
[P FIGURE 8-4: PWM Output

[P 8.3.1 PWM period

[P 8.3.2 PWM Duty Cycle

[P 833 Setup for PWM Operation

[P 9.0 Master Synchronous Serial Port
(MSSP) Module
I 10.0 Addressable Universal
Synchronous Asynchronous Receiver
Transmitter (USART)
[P 11.0 Analog-to-Digital Converter
(A/D) Module
[P 12.0 Comparator Module

O
?E
g

[P 13.0 Comparator Voltage Reference
Module

s

B a 2 YA

CCP module in PWM mode.
For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 8.3.3 “Setup
for PWM Operation”
FIGURE 8-3: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty Cyce Regsters — CCPICONSS 4>

CoPRiL
Coprr e
Rezicpt
Comparsr "ol
=
T e
s
T
Pt msce
S T
7 G s
o ot

Note 1: The Bt fimer is concatenated with 2.5t nfemal Q
clock, or 2 bis of the prescaler, 0 create 0.5t time.
base.

A PWM output (Figure 8-4) has a time base (period)
and a time that the output stays high (duty cycle). The.
frequency of the PWM is the inverse of the period
(1/period)

FIGURE 8-4: PWM OUTPUT

Period

[ B A

Duty Cycle.

I TMR2=PR2

TNR2 = Duty Cycle.

THMR2 = PR2

= The CCPT pin s SeT (exception” T PWII auty
cycle = 0%, the CCP1 pin will not be set)

- The PWM duty cycle is latched from CCPRIL into
CCPRIH

Note:  The Timer2 postscaler (see Section 7.1
“Timer2 Prescaler and Postscaler”) is
not used in the determination of the PWM
frequency. The postscaler could be used
to have a servo update rate at a different|
frequency than the PWM output.

832  PWMDUTY CYCLE

The PWM duty cycle is specified by writing to the.
CCPRIL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPRIL contains.
the eight MSbs and the CCP1CON<5:4> contains the.
two LSbs. This 10-bit value is represented by
CCPRILICCP1CON<5:4>. The following equation is

used to calculate the PWM duty cycle in time:

PWM Duty Cycle (CCPRIL:CCPICON<54>) -
Tosc + (TMR2 Prescale Value)

CCPRIL and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPRIH until after a match between PR2 and TMR2
occurs (ie., the period is complete). In PWM mode,

CCPRI1H is a read-only register.

The CCPRIH register and a 2-bit intemal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for gltch-ree PWM

operation.

When the CCPRTH and 2-bit laich match TMR2,
concatenated with an intemal 2-bit Q clock or 2 bits of

the TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM

frequency is given by the following formula.

Fost

Resolution = ‘“g(ﬂ bits
To2®)

Note: _ Ifthe PWM duly cycle value is longer than
the PWM period, the CCP1 pin will not be
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to have a servo update rate at a different

frequency than the PWM output.

Duty Cyce Regsters — CCPICONSS 4>

832  PWMDUTY CYCLE

[P 60 Timer1 Module The PWM duty cycle is specified by writing to the.
s CCPRIL register and to the CCP1CON<5:4> bits. Up
L to 10-bit resolution is available. The CCPRIL contains.

7.0 Timer2 Module

2 || 2 80 Capture/Compare/PWM Modules RC2CCPt the eight MSbs and the CCP1CON<5:4> contains the
g 7 two LSbs. This 10-bit value is represented by
TABLE 8-1: CCP Mode — Timer CCPRIL:CCP1CON<5:4>. The following equation is
ResourceS REQUIRED used to calculate the PWM duty cycle in time:
[ TABLE 8-2: Interaction of Two CCP PWM Duty Cycle =(CCPRIL:CCPICON=5:4=)
Modules Tosc * (TMR2 Prescale Value)
. Ciear Tmer, CCPRIL and CCP1CON<5:4> can be written to at any
¥ Register &-1: CCPICON CoP1pinand time, but the duty cycle value is not latched into
Register/CCP2CON Register PRz CCPRIH until after a match between PR2 and TMR2
(Address 17h/1DH) oceurs (ie., the period is complete). In PWM mode,
P 8.1 Capture Mode e e o2 b of e e o rete 1320 e CCPRIH s a read-only register.

7 base. The CCPRIH register and a 2-bit intemal latch are
82 Compare Mode used to double-buffer the PWM duty cycle. This

E\EF_ double-buffering is essential for glitch-ree PWM

operation.

r -

Q‘GUSES 3:Simplified PWM When the CCPRIH and 2-bit lach match TMR2,

lock Diagram concatenated with an internal 2-bit Q clock or 2 bits of
[P FIGURE 8-4: PWM Output the TMR2 prescaler, the CCP1 pin is cleared.
P 83.1 PWM period “The maximum PWM resolution (bits) for a given PWM
frequency is given by the following formuia.
—

[P 8.3.2 PWM Duty Cycle
[P 833 Setup for PWM Operation —'—‘—r

Duty Cycle | |

[P 9.0 Master Synchronous Serial Port
(MSSP) Module
I 10.0 Addressable Universal
Synchronous Asynchronous Receiver
Transmitter (USART)
[P 11.0 Analog-to-Digital Converter
(A/D) Module
[P 12.0 Comparator Module @ 2003 Microchip Technology Inc. DS395628-page 67

' | TMR2=PR2

TNR2 = Duty Cycle.

ifthe PWM duy cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared

THMR2 = PR2

[P 13.0 Comparator Voltage Reference
Module

B a 2 YA

s
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[ Devices Included in this Data Sheet:

[P Pin Diagrams
[F Table of Contents
E{F 1.0 Device Overview
[F TABLE 1-1: PIC16F87XA Device
Features
P FIGURE 1-1: PIC16F873A/876A Block
Diagram
I FIGURE 1-2:
Diagram
[F TABLE 1-2: PIC16F873A/876A Pinout
Description
[P TABLE 1-3: PIC16F874A/877A Pinout
Description

OSSN 2D

IC16F874A/877A Block

[P 2.0 Memory Organization

[ 3.0 Data EEPROM and Flash Program
Memory

P 2010 ports
I 5.0 Timer0 Module
I 60 Timer1 Module
% 7.0 Timer2 Module
& {F 8.0 Capture/Compare/PWM Modules
[P TABLE 8-1: CCP Mode - Timer
ResourceS REQUIRED
[P TABLE 8-2: Interaction of Two CCP
Modules
[P Register 8-1: CCP1CON
Register/CCP2CON Register
(Address 17h/1DH)

Timer2 increments from 00h until it matches PR2 and
then resets to 00h on the next increment cycle. PR2 is.
a readable and writable register. The PR register is.
initialized to FFh upon Reset.

The match output of TMR2 goes through a 4-bit
postscaler (which gives a 11 to 1:16 scaling inclusive)
to generate a TMR2 interrupt (latched in fiag bit,
TMR2IF (PIR1<1>)).

Timer2 can be shut-off by clearing control bit, TMR20N
(T2CON<2>), to minimize power consumption.

T
Posiscaler

amparatr Fz
1110116 [ EQ Comperator

T moes
B | 0w

T2oUess

o

Note 1: TMR? register output can be software sslected by the
‘SSP modle as a baud dock.

T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

RWO RWO RWO RWO RWO

TOUTPS1[TOUTPS0| TMR2ON | T2CKPS1 | T2CKPSO

REGISTER 7-1:
uo RWO  RWD
— [Toutes3[TouTPs2
bit7
bit7 Unimplemented: Read as ‘0’

bito

bit63  TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits

0000 = 1:1 postscale
0001 = 1:2 postscale
0010 = 1:3 postscale

1111 = 1:16 postscale
bit2 TMR2ON: Timer2 On bit

imer2 is on
imer2 s off

o

bit1-0  T2CKPS1:T2CKPSO: Timer2 Clock Prescale Select bits.

00 = Prescaleris 1
01 =Prescaleris 4
13 = Prescaler is 16

Legend:
R = Readable bit W=Writable bit U = Unimplemented bit, read as ‘0"
-n = Value at POR =Bitis set ‘0’ =Bitis cleared _x = Bitis unknown
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[ Devices Included in this Data Sheet:
[P Pin Diagrams
[F Table of Contents
E{F 1.0 Device Overview
[F TABLE 1-1: PIC16F87XA Device
Features
P FIGURE 1-1: PIC16F873A/876A Block
Diagram
I FIGURE 1-2:
Diagram
[F TABLE 1-2: PIC16F873A/876A Pinout
Description
[P TABLE 1-3: PIC16F874A/877A Pinout
Description

IC16F874A/877A Block

[P 2.0 Memory Organization

[ 3.0 Data EEPROM and Flash Program
Memory

P 2010 ports

I 5.0 Timer0 Module

I 60 Timer1 Module

I 7.0 Timer2 Module

17 B0 Capture/Compare/PWM Modues |

TP TABLE 8-1: CCP Mode - Timer
ResourceS REQUIRED

[P TABLE 8-2: Interaction of Two CCP
Modules

[P Register 8-1: CCP1CON

Register/CCP2CON Register
(Address 17h/1DH)

D28 ERIR9G L BHEEQA&| 3| Tools | Sign

PIC16F87XA

REGISTER 8-1:

CCP1CON REGISTER/CCP2CON REGISTER (ADDRESS 17h/1Dh)
uo uo RWO  RW-O RWO  RWO RWO RWO

= = CCPxX | CCPxY | CCPxM3_| CCPxM2 [ CCPxM1 | CCPxMO

bit7 bit0

Unimplemented: Read as ‘0’
CCPXX:CCPXY: PWM Least Significant bits.

Capture mode:
Unused.

Compare mode

Unused.

PWM mode:

These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRXL.

CCPXM3:CCPXMO: CCPx Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCPX module)

0100 = Capture mode, every falling edge

0101 = Capture mode, every fising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPXIF bit is set)

1001 = Compare mode, clear output on match (CCPXIF bit s set)

1010 = Compare mode, generate software intefrupt on match (CCPXIF bit is set, CCPx pin is.
unaffected)

1011 = Compare mode, trigger special event (CCPXIF bitis set, CCPx pin is unaffected); CCP1
resels TMR1; CCP2 resets TMR1 and starts an AID conversion (if AD module is
enabled)

11300 =PWM mode

W =Writable bit U = Unimplemented bit, read as ‘0"
‘1" = Bitis set ‘0'=Bitis cleared _ x = Bitis unknown

-n =Value at POR

Comment
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- ] motor_controlh x| ] ultrasound.h X | ] Makefle-defautmk X ~o
[fr=]wm BB -8-ARFRBHIPE (a0 Ba 22 #
10 #include <piclé6fg877a.h> «d
1) | #inciude <svariv.ns
12| | #inciude mmovor_control.nn
13| L tinciude muicrasound.nn
1
15| tpragma config FOSC - XT 1/ Oseillacor Selection bits (XT sscillator)
16 tpragma config WOTE - OFF // Watchdog Tiner Emable bit (WDT enabled)
17| tpragma config PWRTE = OFF  // Power-up Timer Snable bit (SVRT disabied)
18 tpragma config BOREN - OFF 7/ Brown-out Reset Enable bit (S0R enabled)
19, #pragma config LVP = OFF // Low-Voltage (Single-Supply) In-Circuit Seriall Programming Enable bit (RB3/PGM pin has PGM function; low-vo.
20 tpragna config CED - OFF // Data EEPROM Memory Code Provection bit (Dava FEPROM code provection off)
21 toragna config WRT - OFF 7/ Flash Program Memory Write Enable bits (Write provection off; all program memory may be written to by EECON
22 tpragma config CP - OFF 7/ Flash Program Memory Code Provection bit (Code provection off)
= -
2 taerine xTAL_TRER 4000000
2
count_using_tild - Dashboard X || 26 #define FORWARD left PORTCbits.RCO
18 count_using_tid Al || 271 #define FORWARD right PORTCbits.RC1
o<t Type: Agpcaton - Cofiuratons eful 28 fdefine BACK 1cc PORTCBivs.RC2
S 28 taefine BACK right PORTCbiGe.RC3
8 Checksum: OxFOCF. 30 v
e e - .

£ Packs.
@ PIC16Fx00c_DFP (1.1.23)
- Compier Toolchain
T ¥C8 (v2.10) [c: Program Fies (x86) Miarochipxcs))

PICkit3 X ‘count_using_tild (Clean, Build, .) #3 X

‘count_using_tid (Buil, Load, ) X | 4|

) Production Image: Optimization: Disabled ~
= Memory.
=5l Data 368 (0x170) bytes
seogramming
{8 Data Used: 79 (0x4F) Free: 289 (0x121)
= Program 8,192 (0x2000) words The following memory area(s) will be programmed:
Droseen memory: seess sddress = 0%0, wnd sddress = ORTEE
Program Used 1,27 (B4 A) Free: 6518 0x1. Cenfiguravion memory
54§ Debug Tool Programming/Verify complete
€ PICKit3: DEFAULT_PK3 Target removed
@ Press Refresh Debug Tool Status.
{=- 0§ Debug Resources
@ _Proaram BP Used: 0 Free: 1 v
< >

13:32
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