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1. [bookmark: _Ref486580147]Introduction
As a team of three people we have been tasked with designing, developing and demonstrating a remote control vehicle.
The following document outlines each of the stages that we need to execute for us to complete the given Group Project Assignment.

First we must clearly identify the task set and the methods that we are going to use to complete the task on time and for us to perform well as a group.

The aim for the outcome of the task is to build a two-piece product consisting of a handheld wireless remote control and a corresponding buggy on motorised wheels.  Two on-board independent DC motors will be used to control the Buggy’s velocity through Pulse Width Modulation (PWM).  As a group of three, we will work together on each stage of the project from the very beginning, holding brain storming sessions and collaborating our ideas to come up with the necessary solutions to how we are going to design and build the remote and buggy.  Overall, we will share equal responsibility in all aspects of the project but with allocated independent roles, depending on our personal strengths. It is important for us to identify which areas of skills and entrepreneurial experience we each have and use them to their potential in order to try and complete the task, since we have a very limited amount time to complete the project.  The majority of the project will be completed on site at University making use of the available equipment and tutorial advice.  Long geographical distances between where we each live will make the experience a learning curve but we will consult our ideas and project developments via email, telephone and social media app WhatsApp, when we are not on site together.  A Gantt chart created by RW at the preliminary project stage will provide project planning in order for complete time and task management.  The Gantt chart will be updated throughout the project in order for us to keep track of our progress and ensure we stay on target. 
As this is a group based project, communication between the members of the group is fundamental to its success.  Each member works at different locations within QinetiQ and within different job roles so it has been imperative to assign appropriate tasks to each individuals skill set and availability.
Jake in his role as Project Manager has been responsible for the distribution of workload.  This was carried out by breaking down the task into unit components and then further dividing each task into individual constituent parts.  In addition to this, while Ralph & Paul researched and discussed what components could be used for each part of the circuit (for example joystick, PIC, type of transmitter/receiver), Jake provided an “out of the box” view as to the decision for the use of each one based on criteria listed in this report. Paul utilised his report writing / testing experience to document the process as well as assist with circuit design, layout and ultimate testing. Ralph following on from a recent successful PIC related project headed up the design and adaptation of the circuit schematic using an appropriate software package (Proteus).
QinetiQ have corporate accounts with Farnell and RS Components.  Should an item that we require within the circuitry of our system be something that we would normally use within QinetiQ then the availability (and to some extent budget) of the system is not as much of an issue as it would be to some others carrying out the same task.
The following is the buggy assembly that has been provided by the University for this task:
[image: ][image: ][image: ][image: ]RWBattery Pack
Front ball bearing support
2 x Motors
2 x Rear Wheels

In order to complete the project on time, the first stage of the project will be to plan the weeks ahead using a Gantt chart created by RW (see Fig 27).

The basis of the project is the to use the provided shell of the buggy, already complete with 2 rear wheels and one front fixed ball bearing (front support) and two motors that will be controlled via a remote-control signal. The motors must be controlled independently through voltage control, a command sent to the buggy from a hand held remote control device, of which will control the speed and direction of the buggy depending on how fast the left and right motors are powered to turn.  The two input / output signalling systems, one in the remote (user input and signal output to buggy via a transmitter) and the second within the buggy (input signal into receiver and output to buggy motors with motion, or no motion) will consist of using two PIC microcontrollers that, in effect, can communicate from one to the other. 



2. [bookmark: _Ref484279709]Project Plan
Aims
To design, develop and demonstrate a remote control vehicle.  This vehicle has to be capable of navigating a course laid out in the University Laboratory.
Objectives:
1. To work as a coherent team in the development of this task.
2. Utilise existing skill sets in project management, document control, research methods & circuit design.
3. Establish effective communications and knowledge sharing links between the team due to geographic diversity.
4. Learn and gain assistance with the development of the software implementation involved with the PIC’s utilised.

Expected Outcomes:
“To blow the other team away” …literally;
1. Presentation – an interim presentation part way through the project detailing progress made, challenges and progression compared to initial project plan.
2. Report detailing research undertaken and the methodology behind completing the specified task.
3. Evidence of software development.
4. Working model.
[bookmark: _Ref484279716]

3. [bookmark: _Ref486577177]Specification
The specifications of the buggy’s abilities are also part of the modules academic learning curve and it is for us to decide upon as a group, what we want the buggy to be able to perform for it to be remotely steered around a pre-designed flat course.  The buggy needs to complete the circuit track as accurate as possible without crashing too often over the tracks plan lines.  The circuit track will be a provided hand drawn outline on a large paper sheet and placed onto a flat surface (the ground).

Provided track design that buggy needs to follow and complete in University Laboratory 
(Note: The buggy is required to make sharpe turns on the spot and so programming needs to be designed to incorporate a one-wheel turn /  opposite  wheel stopped conrol system. Also Speed of the buggy needs to be considered. We have chosen to create a two speed buggy which utilises 25% (of max voltage) for slow and 75% (of max voltage) for fast. Same applies for both forwards and backwards.

[image: ]
RW

The project consists of two design stages, the first being the remote control and the second the buggy itself.  This requires us to decide the buggy specification and the RC transmission specifications. 
Preliminary RC Transmission Specification:
1. Hand held / Push buttons and 1 x Joystick movement control
2. Mobile/wireless 
3. Easy to use
4. Light weight
5. Power switch with light to signal on
6. Battery Powered
7. Safe 
8. Transmit control signal to buggy (one way transmission)
9. Aesthetically pleasing 
10. Functional (doesn’t strain your hand - Ergonomics)

Choosing the signal method will require us to research possible options and to evaluate their advantages and disadvantages. All methods will require a coding device and transmitter (on the RC), and a receiver and decoding device (on the buggy).  Aerial possibilities / types / lengths will also form part of our existing products research.
· Aerial possibilities / types / lengths will also form part of our existing products research.

Creating schematics in Proteus will enable us to test the code of the programming to ensure that the circuitry (buttons and joystick potentiometer) works correctly and functions as required, using the simulated PIC circuits. Wired testing of the Buggy and remote (wired connection) will first enable us to test the buggy functions and mobility on command of the movement of the joystick or press of the button and will ensure that the buggy is following the correct instructions from the remote. This will allow us to make sure that the individual PICs in the remote and buggy are communicating to each other correctly and will also allow us to test our H-bridge to ensure the motors are wired up correctly. Motor speeds can also be tested to see whether the speeds that we have selected the are suitable for the (task / course) of buggy (movement) control. 

Testing of the assembled buggy will be a very important part of the project, it will iron out any issues that may arise from programming, circuitry or RF wireless channel communications.

Preliminary Buggy User Specification:
The following is the decision we made as a group on what it is exactly we want the user to instruct the buggy to perform.
1. Go straight Forwards on command
2. Reverse straight on command
3. Turn Right (stationary) on command
4. Turn Left (stationary) on command
5. Stop on command
6. Go Forwards whilst turning Right
7. Go forwards whilst turning Left
8. Reverse whilst turning Right
9. Reverse whilst turning Left
10. Beep when reversing *
11. Break light * 
12. Have indicators that flash signalling turning left or right
13. Have a reversing light to indicate it is reversing
14. Sound a horn at the touch of a button on the remote control
15. Immediate response to controller 
16. Accurate steering
17. Product must meet all environmental, health and safety standards 
18. Turn on to arm system / off when not in use by switch on buggy and remote
19. Battery powered (6V)
20. Receive correct control signals from RC (Check code)
*subject to change
The DC (direct current) circuit will consist of a 6 volt supply consisting of 4 x 1.5V AA batteries. The voltage will be lowered by a voltage regulator. 
In order to achieve the result of communicating to the vehicle we in effect need a controller/transmitter combination linking through to a receiver/motor combination (See section 5.1 for how this was derived):



4. [bookmark: _Ref486580165]Research
To meet the aim set and to be able to produce what is in the expected outcome, there needs to be a vast amount of research.
Existing product research was performed. These in service products were analysed on the performance and scrutinised. The lessons learn from this scrutiny effected the way the team went about meeting their aim.
	Things to think about:
	Product Research:

	How are remote and Car unit going to be controlled?
	Most toys/model cars use Peripheral Interface Controller’s (PIC) there are many kinds which can be selected based on amount of pins, processing power, etc…

	How is each part of the product powered?
	Depending on the type and speciality of the remote control unit, cheaper toy products tend to use disposable batteries of all ranges. The more specialised hobby products tend to use rechargeable packs, or in recent cases lithium ion batteries.

	How does the remote talk to the car unit?
	There are a variety of way to transport information the most commonly found is Radio Frequency (RF), although Infrared, Bluetooth and others are also used, each one has various pros and cons.

	How many functions will this car unit have?
	Once you know the amount of functions you can work out how many function buttons are needed and more importantly the amount of pins on the PIC.

	How will the functions work?
	Are they latching buttons (push to turn on, push again to turn off), or are they momentary etc…
Will these button function be programmable, or a function of the switch.

	How will the car be steered?
	Will it use direction buttons, a joystick, dual joysticks (one for direction, one for acceleration)

	If buttons and/or joystick(s) are used where will they be positioned?
	From product research and experience with remote controls, both buttons and joystick(s) must be easily accessible and identifiable to their function.






[image: ]
Figure 2 Existing Products Images Sourced on google.com JT

AREAS TO RESEARCH:
	· Existing Wireless Products / Technologies
· Specific components (LEDs, transmitters/receivers, buzzers) 
· Programming experience from previous modules
· RC Circuitry / transmission methods
· Motor Control - PWM (Pulse Width Modulation)
· PIC selection – remote control & car
· Control system – joystick
· Optional extras (Booster Fan)
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Research images sourced by RW
9

[bookmark: _Ref484279722][image: ]RESEARCHING Basics of DC Motor Drive and Speed Control 
· PWM -  Pulse width modulation -turned ON for some time and turned OFF for some time, average voltage supplied varies
· H-bridges – allowing current to flow through one way for forwards rotation of the motors OR the opposite way for motors to turn in the reverse direction.
[image: ][image: ]EACH MOTOR WILL IN EFFECT HAVE ITS OWN H-BRIDGE. WE WILL USE A DUAL H-BRIDGE CHIP WITH ENOUGH IPUTS AND OUTPUT FOR CONTROL OF BOTH MOTORS, SAVING US SPACE ON THE CIRCUIT BOARD (LIMITED MODEL SIZE).
[image: ]
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IT WILL BE IMPORTANT TO REMEMBER TO CONNECT THE H-BRIDGE INPUTS AND OUTPUTS CORRECTLY, TO THE CORRECT MOTOR SO THAT ON COMMAND THE CORRECT MOTORS TURNS / OR DOESN’T TURN AND ROTATES THE CORRECT WAY.

Reference:
http://embedjournal.com/basics-of-dc-motor-drive-and-speed-control-for-robots
5. [bookmark: _Ref486580170]Basic requirements schematic – Brain Storming
To begin with, we got together as a group in order to develop the idea’s that we had with the focal question being What do we need?  The main points that needed to be covered within this were:
· What equipment should we be using – do we have anything readily available or will additional items have to be sourced?
· Resources / skill sets – what do we already have and what will we need?
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	BRAIN STORM BY RW
	



SKETCHES / DESIGN IDEAS BY RWBY RW
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The car itself as well as the chasset, motor & circuitry should probably have a casing of some sort.  Considerations for the design of our car included:
· No body on the car
· This option was not a real option.  This is because not having a body would not only ruin the ethos of the project in terms of design and development but also expose the internal circuitry which would impose a risk.
· A pre-manufactured body comprising of a suitable asthetic appearance.
· This option while being the simplest to carry out would incure a financial cost and possible delay should this not arrive in a timely manner.
· Design and create our own body.
· This was our preferred option.  Not only did this save us cost and time but it was also environmentally ethic in that recyclable materials were utilised.


Artistic impression of Final idea (RW)
[image: model11-3.jpg][image: model11-2.jpg][image: model11-1.jpg][image: Indoor-Outdoor-Rides-4th-Generation-Bumper-Car2.png][image: ][image: ][image: ]














[bookmark: _Toc486583277]Figure 1 Artistic impressions of final idea by RW
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[bookmark: _Toc486583278]Figure 2 Original Design Schematic JT
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[bookmark: _Toc486583279]Figure 3 Draft Block Diagram JT
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[bookmark: _Toc486583280]Figure 4 Joystick/Buttons Process flowchart RW
6. [bookmark: _Problem_1_–][bookmark: _Ref484279726][bookmark: _Ref468446497]Technical Design
Whilst working on this project, the following considerations had to be overcome;
6.1 [bookmark: _Ref484279854]Transmitter & Receiver
Looking through various web sites, we researched the Data Sheets for Transmitters & Receivers based on our requirement of being able to operate the vehicle remotely.
In addition to how each system works, we have the following criteria for choice:
· Range
· Price / Affordability
· Availability (at work/university)

Below details our mind mapping of the requirements for our Transmitter / Receiver.
Our options for this consisted of:
6.1.1 [bookmark: _Ref484279860]InfraRed:
	Advantages
	Disadvantages

	Inexpensive when compared to other technologies.
	Only works in line-of-sight.

	Works over a moderate bandwidth 115 kbps.
	Short range - a few metres.

	Works well over a short distance.
	Low bandwidth.


[bookmark: _Toc486583305]Table 1 Infrared Advantages and Disadvantages JT
6.1.2 [bookmark: _Ref484279866]Ultrasonic:
	Advantages
	Disadvantages

	Do not use much electricity.
	Changes in air temperature can affect the signal.

	Simple in design.
	Calibration of the transmitter is crucial.

	Relatively in expensive.
	


[bookmark: _Toc486583306]Table 2 Ultrasonic Advantages and Disadvantages JT
6.1.3 [bookmark: _Ref484280152]Bluetooth:
	Advantages
	Disadvantages

	Able to interface with portable media devices.
	Requires deliberate pairing with any device the user intends to control.

	Widely used.
	High level of battery (power) use.

	Simple to use.
	Connection can sometimes be slow.


[bookmark: _Toc486583307]Table 3 Bluetooth Advantages and Disadvantages JT


6.1.4 [bookmark: _Ref486582156]Radio Frequency (RF)
Our preferred option the use of Radio Frequency (RF) is based on the following:
Advantage - These remotes have longer range and do not require a direct line of sight, enabling them to be used from a different room.
Disadvantage - Fewer devices have native RF support.

It is our belief that although there are some disadvantages with the deployment of RF, our budget and time constraints are such that this is the most practicable option to use.
For this we have chosen a transmitter and receiver from RF Solutions:
[image: ]
This choice of hybrid is also a more affordable option.
Should we have had more budget and lead time / testing then our preferred option would have Bluetooth due to its simplicity.


6.2 [bookmark: _Problem_2_-][bookmark: _Ref468446505]PIC Selection:
6.2.1 Choosing a PIC
Having evaluated the amount of inputs and outputs, memory requirements and speed, we have chosen the following PICs. It is important to choose the correct PICs for the task so that the devices have enough memory storage, processing speed and available pins. We have to also consider the availability, cost and physical size of the PIC systems we chose as this can have implications on our budget and how big the circuit board design must be for room and layout of components. (Buggy / remote housing have limited space due to provided wheel base / battery packs).
Opting to use PIC systems will develop our skills in programming and the use of input / output systems, also helping us achieve smaller and tidier and more compact electronics.
PIC microcontrollers are low cost, self-contained programmable electronic chips (circuits) that allow the user to apply instructions in the form of code to the controller in order for it to perform certain tasks. These can be used to accurately control the main circuit of a product and can be easily programmed by connecting the chip to a computer (software) within seconds. The pins of a PIC must be defined as Input or Output and for this project the PWM mode must be applied for the PIC connected to the motors in the Buggy.
[bookmark: _Ref484280531]

6.2.2 Remote Control:
This PIC was chosen based on the following requirements:
INPUTS:  2 x Analogue (8-bit), 4 x Digital
· 2 x analogue for Joystick.
· 4 x Buttons.
OUTPUTS:  5 x Digital
· 1 x Output to Transmitter.
· 4 x LED’s.
Special:
Internal Clock = 8MHz
USART = 1
Programmable Memory = 1.6K
RAM = 100 bytes
Therefore the number of pins that we need is 15 – allowing for expansion we would like 20 pins.
Utilising www.microchip.com, we have been able to narrow down the following PIC:

[image: ]
[bookmark: _Ref484280537]

6.2.3 Car:
This PIC was chosen based on the following requirements:
INPUTS:  
· 1 x from receiver.
· 1 x VCC
OUTPUTS:  18 x Digital
· 1 x Ground
· 6 x H-Bridge (4 for drive, 2 for enable)
· 4 x Indicator (Right back / front), (Left back / front)
· 2 x Brake (LED’s)
· 1 x Buzzer for car horn
· 1 x Fan Motor
· 2 x Head Lights (LED’s)
Special:
Internal Clock = 16MHz
USART = 1
Programmable Memory = 1.6K
RAM = 100 bytes
Therefore the number of pins that we need is 18 – allowing for expansion we would like 20 pins.
Utilising www.microchip.com, we have been able to narrow down our selection and choose the PIC16F1508 chip:
[bookmark: _Problem_3_–][image: ]

6.3 [bookmark: _Ref484331986]Joystick / Control System
It is important to get the joystick selection right compared to the car design. An important consideration in choosing a control system for the vehicle is the ergonomics of the control itself.  As a team we felt that the following ergonomics were important:
· Hand held.
· Mobile.
· Easy to use.
· Light weight.
· Power switch with light to signal on.
· Battery Powered.
· Safe.
· Transmit control signal to buggy.
· Aesthetically pleasing.
Also, we require the vehicle to be able to essentially move Forward and Backward with turning to Left and Right.  Anything beyond this would be additional functionality but an advantage would be to be able to turn while going either forwards or backwards.  Therefore, the following requirements specification is what we are looking for (this is what the joystick needs to do):
1. Forward (2 speeds:  Slow and Fast).
2. Forward – Right.
3. Forward – Left.
4. Right.
5. Left.
6. Reverse (2 speeds:  Slow and Fast).
7. Reverse – Right.
8. Reverse – Left.
9. Stop.
Transmission:
	· 8 bit signal transmission (255 highest number representable, max value 256 valid state – as zero is a valid state.
· Resolution: deciding how accurate we want the control to be (voltage input – steps in between).
· 256 / 5V x voltage…e.g.: 256/5V x 2.5V = 128 output

	[image: ]





The ideal requirement would be a joystick similar to those found in game controllers with bi-directional movement capability:

[image: ][image: ]					RW 
[image: ]	[image: ]

The solution for our joystick choice was a product from http://www.energiazero.org.
Discussion has taken place as to the ergonomic layout of the joystick control. A question that arose was whether the joystick itself should be accessible for the left or right hand.  The chosen solution was to allow for control using the right hand.  While this may appear at first to be biased and not ambidextrous, the thought behind this was to allow for the button functions to be operated using the left hand.


The following is a lookup reference showing the binary values for each process involved in the joystick control and the corresponding Hexadecimal value for the PIC controller within the joystick system:
	Direction
	Binary Value
	Hexadecimal Value

	
	Left Motor
	Right Motor
	Left Motor
	Right Motor

	Forward
	1010
	1010
	A
	A

	Slow Forward
	1001
	1001
	9
	9

	Forward - Right
	1010
	1001
	A
	9

	Forward – Left.
	1001
	1010
	9
	A

	Right.
	1010
	1000
	A
	8

	Left.
	1000
	1010
	8
	9

	Reverse.
	1110
	1110
	E
	E

	Slow Reverse
	1101
	1101
	D
	D

	Reverse – Right.
	1110
	1000
	E
	8

	Reverse – Left.
	1000
	1110
	8
	E

	Stop
	1100
	1100
	C
	C

	
	
	
	
	


[bookmark: _Toc486583308]Table 4 Values Calculated JT
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	[bookmark: _Toc486583281]Figure 5 Working out the 8 Bit outputs JT
	[bookmark: _Toc486583282]Figure 6 Working out the outputs for each motor JT





6.4 [bookmark: _Ref484280543]H-Bridge Selection.
The interface to control the motor for driving the wheels on the remote controlled vehicle comes in the form of a H-Bridge circuit.  this was chosen because it is a duel H-Bridge – this was due to cost saving & simplicity with regards to circuit design & layout).

[image: ]
[bookmark: _Ref468451318]

6.5 [bookmark: _Ref484332045]Optional Extra’s – Horn, Headlights, Indicators (additional functionality).
To demonstrate the functionality of some our additional features the following applications are envisaged:
1. As the remote is turned on, 4 LED’s (1b, 2b, 3b, 4b) will flash one by one for 2 cycles.
2. Button “1a” (used to function the headlights on the car) will be latching (meaning that you press once to turn on and press again to turn off).  An LED (1b) will illuminate showing whether the button is on or off.
3. Button “2a” (used to function the right indicators – front and rear) will be momentary (meaning that it only functions when the button is pressed – when it is not pressed, the button is off).  An LED (2b) will flash when the button is pressed.
4. Button “3a” (used to function the left indicators – front and rear) will be momentary (meaning that it only functions when the button is pressed – when it is not pressed, the button is off).  An LED (3b) will flash when the button is pressed.
5. If Buttons “2a” and “3a” are pressed then this acts as a build in system to simulate Hazard Warning lights on the car.
6. Button “4a” (used to function the car booster fan) will be temporary (meaning that it only functions when the button is pressed – when it is not pressed, the button is off).  An LED (4b) will illuminate.
7. Button “5j” will be temporary (meaning that it only functions when the button is pressed – when it is not pressed, the button is off) will be used to sound a buzzer acting as the car horn.  This is a function of the joystick rather than a specific button.
8. When the joystick is in the Neutral position, the brake LED’s will shine on the car, as the joystick is moved to provide movement on the vehicle, the brake LED’s will turn off.

[bookmark: _Ref484332056]Following assembly and testing, modifications were made from the list above to the programming of the functions we originally desired. This is shown in the design drawing Figure 16.


6.6 [bookmark: _Ref486582295]Draft & amended designs

[image: ]
[bookmark: _Toc486583283]Figure 7 Draft Remote Design JT

[image: ]
[bookmark: _Toc486583284]Figure 8 Draft Car Design JT
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[bookmark: _Toc486583285]Figure 9 Remote initial drawing JT

[image: ]
[bookmark: _Toc486583286]Figure 10 Car circuit initial drawing JT



[image: C:\Users\jake\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_0808.jpg]
[bookmark: _Toc486583287]Figure 11 Uncomplete detail drawing of the remote JT
[image: C:\Users\jake\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_0809.jpg]
[bookmark: _Toc486583288]Figure 12 Uncomplete detailed drawing of the Car JT
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[bookmark: _Toc486583289]Figure 13 Detailed drawing of the Car JT
[bookmark: _Ref484332406]

6.7 [bookmark: _Ref486582300]Review
CURRENT PROGRESS UPDATE 17/03/17 – VIVA PRESENTATION
· Where are we at….
· ON TARGET ACCORDING TO GANTT CHART
· Research complete.
· Components purchased.
· Proteus design almost complete.
· Currently programming code for PIC’s.
· Looking forward to prototype assembly.

We will go ahead and order the components / product parts and start manually constructing the product and strip board design. We will first create the source code for the program and simulate the circuitry using the software Proteus 8 Professional.

7. [bookmark: _Ref484332412]Final design Solutions
7.1 [bookmark: _Ref484332416]Remote Control:
[image: C:\Users\P148321\Downloads\IMG_20170622_152857.jpg]
[bookmark: _Toc486583290]Figure 14 Final Circuit design for the remote control JT

7.1.1 REMOTE SCHEMATICS
The schematic design method we will be using is Proteus 8 Professional which will enable us to design and simulate the circuitry of both systems (transmitter and receiver) and with the subsequent programming on the chosen remote and buggy PIC chips.
Diagram showing Proteus circuit model for the remote control:
Final circuitry that was built (Due to time constraints, the functioning of the special buttons - buzzer and motorised fan were omitted from design)
SCHEMATIC INCLUDES:
· JOYSTICK POTENTIONMETERS (FORWARDS & BACKWARDS)
· 5 X 10KΩ RESISTORS
· 2 X ON / OFF & 1 X TOGGLE BUTTONS
· PIC16F785
· 3 X 220Ω RESISTORS
· 3 X GREEN LEDS
· POWER SUPPLY / GROUND


[image: ]
[bookmark: _Toc486583291]Figure 15 Remote Proteus design by RW


7.1.2 PIC16F785 PIN CONNECTION:
Setting up the PIC

[image: ]
[image: ]RW
7.1.3 REMOTE PROGRAMMING C (SOURCE) CODE:
[image: ]

[image: ]
[image: ]
7.2 [bookmark: _Ref484332420]Car:

[bookmark: _Ref486537885][bookmark: _Toc486583292]Figure 16 Final Circuit design for the Car JT 

7.2.1 Component List
List of all the components needed to produce the Remote and Car (buggy) were drawn up. This utilised the component research and components to the design specification as well as choosing bog standard components. Each team member was given a shopping list.
[image: IMG_0337]
[bookmark: _Toc486583293]Figure 17 Team member shopping list JT


7.2.2 SCHEMATICS FOR CAR:
Final circuitry for buggy: (Due to time constraints the buzzer and motorised booster fan were omitted from the buggy design). It is not possible to simulate a RF receiver in Proteus, although a simple wire can be used as a link from one PIC system to another):
	[image: ]
	[image: ]



[bookmark: _Toc486583294] Figure 18 Car Proteus design by RW
7.2.3 PIC16F1508 PIN CONNECTION:
Setting up the PIC
Compiler software (PIC C compiler) was used to compile the source code into object code, this ensured that the code compiled successfully.  To confirm both sets of code operate the corresponding PICs correctly we simulated the circuit by linking the code and Hex file to the microchip models in Proteus 8 Professional.
Having defined the PIC settings (input and output pins / internal timer, we ran a simulation of the circuits using the simulation feature of the software (Play) to ensure it operates as expected.  This will be confirmed that the code for the programming of the PIC worked as intended. 
We continued to build the circuits by soldering the components onto stripboard and then installed all the electronic circuitry.  Stripboard provides an effective and permanent prototype circuitry solution.  This can be installed into the product as a way of demonstrating a prototype version of the solution.
[image: Image result for PIC16F1508]RW

7.2.4 BUGGY PROGRAMMING C (SOURCE) CODE:
The source code for the PIC is written in C and then assembled into object code using a compiler software such as CCS (PIC C Compiler).  The Hex file (compiled binary code / computer language) is then transferred to the PIC microcontroller chip using programmer hardware (PICKit) connected from the computer to the microchip via a USB port connection and a universal 40pin ZIF socket (Programmer seat board).
[image: ]

[image: ]
Main.h


7.3 [bookmark: _Ref485891585]PICKIT - Finally we will program the PICs using a PICKit
Programming the PIC using a PICKIT 3 and a ZIF BY RW 
[image: ]· Make a release version of the program code (Hex file), select ‘Release’ from drop down box top of Proteus source code window and ‘Build’ project (press ‘F7’). 
· The ‘.hex’ file in project folder is the code to use.
· PICkit3 connected to computer via USB cable connection. 
· PIC microcontroller placed into ZIF at positions 11 & 30 (top of PIC, PIN1 is labelled with a dot) 
· Jumper leads set at: J1 on number 2, ALL other junction jumpers on numbers 2&3. 
· Leaver clamps PIC in place, making the connection to the ZIF.
· Use software MPLAB IDE v8.92 to programme chip with Hex code.
· Select chip to be programmed, mid-range, (e.g. PIC16F1508), Apply settings
· Advanced settings: Power (the chip), Powered 5V through USB
· Tools: Chose PICKit
· Blank check to confirm we are talking to chip
· Import Hex file
· Click Program to program the PIC chip- DONE!

PIC WILL PERFORM EXACTLY AS PROTEUS PROGRAMMING CODE IS WRITTEN


RW
8. [bookmark: _Ref484332431]Production
8.1 [bookmark: _Ref485891461]Build
The following shows a storyboard of development regarding the production of the remote controlled vehicle:
	[image: model13.JPG]
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	[image: model16.JPG]
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[bookmark: _Toc486583295]Figure 19 Buggy Build RW


The build took many hours to produce. There were some changes to the design of the remote (detailed below)
8.1.1 Breadboard
The first idea to simplify the build was to use a breadboard for the prototype. With this, the idea was to plug each component in producing the finished remote. It would be quick and easy to rearrange the circuitry if need and this could be done by anyone with little electrical knowledge. 
Using the breadboard didn’t work out as planned as the amount of wires attached to external components and the lack of space in the box caused a problem. This meant that as the box was opened to access the breadboard the wires would move. This causing uncertainty whether there was an electrical contact in each socket/pin of the breadboard.
The team decided to use Vero Board instead which is easily available in most electrical stores. Onto this the circuit was soldered with each segment of the design (voltage regulator, transmitter, joystick, etc…) attached by a compression pin.
8.1.2 Power Regulator
In the initial designs the power regulators simply had the input power, ground and output power attached with no other circuitry. After a review of the design and some advice by a tutor and workshop tutor our group were advised to us capacitors on the input and output of the regulator this stops the ripple voltage on the output that can sometimes damage components in the circuit.
[image: ]
[bookmark: _Toc486583296]Figure 20 Power Regulator Changes JT


8.1.3 Diodes on the H-Bridge

[image: IMG_0729]
[bookmark: _Toc486583297]Figure 21 Diodes design from product data sheet JT



The following shows a storyboard of development regarding the production of the remote control:
	[image: C:\Users\P148321\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG-20170603-WA0000.jpg]
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[bookmark: _Toc486583298]Figure 22 Remote Build 1 JT



	[image: ]
	[image: ]
	[image: ]


[bookmark: _Toc486583299]Figure 23 Remote Build 2 JT




After building the external box we realised that the contents would not fit in the original box easily and neatly. A group decision was made to utilise a larger box that would fit the circuitry in better, but had the down side of meaning that the process of building the box would have to be redone. This delayed the project.
	[image: C:\Users\jake\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_0814.jpg]
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[bookmark: _Toc486583300]Figure 24 Remote Build 3 JT
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[bookmark: _Toc486583301]Figure 25 Car Build PA, JT, RW.

9. [bookmark: _Ref484332437]Test and Evaluation
In preparation for the demonstration to the University, we assembled the following fundamental questions to confirm that our system worked as expected:
1. Does the car go forward?
2. Does the car stop?
3. Does the car reverse?
4. Does the car turn?
5. Do our optional extra’s work?

However, during the programming of the 16LF1508 PIC for the car, a problem was encountered.  Once programmed, the testing showed that when transmission was in progress, the 16LF1508 PIC did not reset its input once a transmission had been received.  The expectation was for the testing to show a signal receipt every 800 milli-seconds but the testing was showing this as being constant.

The area’s that we were successful in testing and verifying were:
1. Remote Control functionality, this was verified by analysing the signal being transmitted from the remote control using an Oscilloscope.  All function buttons, directional joystick control as well as speed were successfully tested.
2. Signal Transmission – the 16LF1508 PIC for the car received the signal but due to the previously mentioned issue with the PIC we were unable to then verify any functionality with the car.
3. Power to the car – we were able to successfully test the received 9V power circuit into the car was working by connecting this circuit to a Volt-Meter and verify that the Power Regulator, regulated the power down to 5V.

[image: ][image: ][image: ][image: ]Testing the output of the remote transmission signal using an Oscilloscope showed the varying signal outputs (signal shifting) when pressing buttons on the remote control.

9.1 [bookmark: _Ref485891477]Testing of components
Testing of the components, Vero board soldering and circuit was performed to make sure each component worked.
	[image: C:\Users\P148321\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\IMG-20170603-WA0003.jpg]
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[bookmark: _Ref486537967][bookmark: _Toc486583302][bookmark: _Ref484332441]Figure 26 Testing of components JT

10. [bookmark: _Ref486582367]Timescale
10.1 [bookmark: _Ref484332447]Gantt Charts
Gantt chart showing envisaged project plan:
[image: ]
[bookmark: _Toc486583303]Figure 27 Gantt Chart RW


Gantt chart showing actual project plan:
[image: ]
[bookmark: _Toc486583304]Figure 28 Gantt Chart PA



11. [bookmark: _Bibliography_/_quick][bookmark: _Ref484332509][bookmark: _Ref468446518]Costs
COST OF BUILD
PURCHASE LIST
	COMPONENT
(DESIGN PART)
	SUPPLIER
(COMPANY)
	PRICE PER UNIT (£)
	QUANTITY (units)
	TOTAL COST (£)

	Joystick
	Ebay Market Place Seller
	5.35
	1
	5.35

	Red LED’s
	Ebay Market Place Seller
	3.55
	2
	7.10

	Green LED’s
	Ebay Market Place Seller
	2.75
	4
	11.00

	Amber LED’s
	Ebay Market Place Seller
	2.75
	4
	11.00

	White
	Ebay Market Place Seller
	2.50
	2
	5.00

	PIC16F15038 MICROCHIP
	Ebay Market Place Seller
	2.28
	1
	2.28

	PIC16LF785
MICROCHIP
	Ebay Market Place Seller
	3.20
	1
	3.20

	Voltage Regulators
	RS Components
	0.15
	3
	0.75

	H-Bridge
	Farnell
	3.07
	1
	3.07

	Transmitter
	RS Components
	7.11
	1
	7.11

	Receiver
	RS Components
	14.80
	1
	14.80

	TOTAL
	
	
	
	70.66



Other items we were able to obtain through existing stock supplies either at work or University.



12. [bookmark: _Ref484332514]Conclusion
Did it work?
Verification on the components that we were able to successfully test verified that both the design and practical implementations of these were functional, therefore successful.
The remote control “hardware” was fully functional when paired with the programmed with no glitches, or failures (see Figure 26 with item in test).
The issue with the 16LF1508 PIC meant that the car itself could not be fully tested.  This issue we believe could be connected to either the type of PIC being used or the Compiler.
What we could have done better?
The feeling amongst the group was that we would have benefitted from an individual tutor on the project as opposed to a tutor being shared between the two groups.  The shared resource meant that we only had half of the available time for assistance with the coding that we needed.  The commitment that we did receive towards the programming side of the project whilst it was much appreciated meant that focus was taken away from a technical design review of the circuit design.  Again, the presence of an individual tutor may have negated this issue.
Alternatively, an Independent Design Review could have been utilised using work, or university links that would have pre-empted some of the problems with the design.
Problems encountered?
During the initial progress of the project we quickly found that an effective method of communication was required between the team.  This was something that we were able to establish very early on during the project life cycle.  Based on our experience of working on a project where geographical location is an issue, we now have an awareness of the importance of having an established communications and document storage / sharing system in place at the very start of the project life cycle.  The methods that we established were:
· WhatsApp – we set up a group chat for instant communication.
· University One Drive – this was used as a central storage repository for all our files and documents – version control was setup to ensure that the latest document(s) were being worked on.
The programming of the Remote Control and the Car PIC’s proved to be a challenge.  This challenge was initially planned and presented as being an issue early on during the planning phase of the project.  However, we did not appreciate the scale of the problem.  This was the main problem that then caused a knock on effect delaying other parts of the project – detailed below.  We underestimated the length of time required in conjunction with the availability of technical resources for this.  As part of an initiative to resolve this issue in a timely manner, extra time was allocated during the course of the project to work on this.


The construction of the electrical components and the circuits themselves took longer than envisaged.  This was due to a delay in the Proteus design meaning that the hardware could not be connected without the knowledge of how the connections were to be made.  This in itself was caused by the delay mentioned above regarding the programming of the code for the PIC’s.
Upon reaching the deadline for this project we feel we have all gained vast experience of working as part of a team and that the pressure of a deadline can be managed between the team such that tasks are logically arranged to succeed one another and get completed on time.  We have enjoyed working as a group of three on this project and appreciate the amount of planning and structure necessary for people to work coherently together.  Although the final remotely controlled buggy was not quite fully functional on deadline day, the project itself was a success in that we achieved a professional outcome with ongoing issues.  With a little more time, further testing and investigation, I’m sure we would have eliminated the problems and found a solution to the issues and eventually been able to remotely control the buggy.  We feel we achieved and learnt a lot in the time frame that we were provided and successfully reached the farthest goal post we had set ourselves at the start.


13. [bookmark: _Ref484332523]Bibliography / Quick Links:
The following Web Site was used to allow us as a team to select what Chip(s) we could use for each aspect of our design.  This web site was chosen to assist us with our selection due to the way that we were able to narrow down the focus of our requirement via a set of selection criteria:
· www.microchip.com

QinetiQ have a corporate account with the following companies:
· www.uk.rs-online.com
· www.uk.farnell.com
During our research as to what to use, we could utilise these web sites where we could make an informed decision as to what to use based on the price of the component.

Links to data sheets for items we looked into but did not select….
For Bluetooth, RF and Infrared:
· https://developer.mbed.org/users/4180_1/notebook/ir-and-rf-remote-controls/  - Accessed on - 12th January 2017.
· http://www.instructables.com/answers/Bluetooth-vs-Radio-Frequency/  - Accessed on 12th January 2017.
· developer.mbed.org  - Accessed on -12th January 2017.
· http://www.explainthatstuff.com/remotecontrol.html  - Accessed on -12th January 2017.
· www.sparkfun.com  - Accessed on -12th January 2017.
Joystick reasearch and selection comparisons
· https://www.sparkfun.com/products/9760  - Accessed on -7th October 2016.
· uk.rs-online.com  - Accessed on -7th October 2016.
· https://www.ultimarc.com/controls.html  - Accessed on -7th October 2016.
· http://www.thegeekcity.com/how_do_joysticks_work/  - Accessed on -7th October 2016.
· http://www.infobarrel.com/Advantages_and_Disadvantages_of_Using_a_Joystick  - Accessed on -7th October 2016.



14. [bookmark: _Ref484332527]Data Sheets
Links to data sheets for the items we have chosen….
· H-Bridge:  http://uk.farnell.com/texas-instruments/l293dne/ic-driver-peripheral-dual-36v/dp/1470423?mckv=73kNSYYh_dc|pcrid|78108290469|&gross_price=true&CATCI=pla-77217964501&CAAGID=14983481469&CMP=KNC-GUK-GEN-SHOPPING-TEXAS_INSTRUMENTS&CAGPSPN=pla&gclid=CLa0_teeodACFekp0wodAdUP0A&CAWELAID=120173390000034392  - Accessed on -12th January 2017.
· http://www.ti.com/lit/ds/symlink/l293d.pdf  - Accessed on -12th January 2017.
Joystick:
· http://www.energiazero.org/arduino_sensori/joystick_module.pdf - Accessed on -7th October 2016.
[bookmark: Trans]Transmitter & Receiver:
· https://www.scribd.com/document/208008762/Circuit-Diagram-of-Rc-Transmitter-and-Receiver - Accessed on -12th January 2017.
PIC:
· “What is a PIC microcontroller? What can it do?”, Technology student, pics, picgen, V. Ryan, 2010, [Online]. Available : http://www.technologystudent.com/pics/picgen1.html - Accessed : 29th September 2016.

Transmitter:  16LF785
· http://docs-europe.electrocomponents.com/webdocs/0807/0900766b8080719f.pdf  - Accessed on -12th November 2016.
Receiver:  16LF1508
· http://docs-europe.electrocomponents.com/webdocs/1107/0900766b8110730f.pdf  - Accessed on -12th November 2016.


15. [bookmark: _Ref484332532]Acknowledgements
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® 3-12 Supply Voltage
® SIL, DIL or SMT Packages available

Receiver

® PLL XTAL Design
CMOS/TTL Output

RSSI Output

Standby Mode (max 100nA)
5V Supply Voltage

Applications
®  Wireless Security Systems

FM TRANSMITTER & RECEIVER
HYBRID MODULES.

FM-RTFQ SERIES
FM-RRFQ SERIES
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PICT16F/85

In Production

The PIC16F785 Flash microcontroller offers all of the advantages of the well recognized
mid-range x14 architecture with standardized features including a wide operating voltage of
2.0-5.5 volts, on-board EEPROM Data Memory, and nanoWatt Technology. Analog peripherals
include up to 12 channels of 10-bit A/D, 2 Operation Amplifiers, 2 high-speed analog
Comparators, and a Bandgap Voltage Reference. Digital peripherals include a standard
Capture/Compare/PWM (CCP) module, a 2-phase PWM with asynchronous feedback, a 16-bit
timer and 2 8-bit timers.

Features

« Up to 12 channels of 10-bit AD

« 2-Phase PWM with Asynchronous feedback via Comparators

2 0p amps with all input/output available externally

«2 High-speed Comparators connected to 2-phase PWM

« Bandgap Voltage Reference and internal Capture/Compare/PWM (CCP) module
8 MHz internal oscillator with software controlled clock divides

« Software selectable BOR

« Wide Operating Voltage (2.0V - 5.5V)

« High Voltage PIC16HV785 variant (2.0V - User Defined) with internal shunt regulator

» Documentation

» Pricing & Samples
» Development Tools
» Similar Devices

Parameter Name

Program Memory Type
Program Memory (KB)

CPU Speed (MIPS)

RAM Bytes

Data EEPROM (bytes)
Digital Communication
Peripherals
Capture/Compare/PWM
Peripherals

Timers

ADC

Comparators

Temperature Range (C)
Operating Voltage Range (V)
Pin Count

Cap Touch Channels

Value
Flash

35

5

128

256

1-UART, 1-5PI,
1-12C

1cCcP

2 x8-bit, 1 x 16-bit
12 ch, 10-bit

2

-40t0 125

2t055

20

12
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#include <1671508.5>
taevice ADCm10

sruses T //pover Up Timer
#FUSES NOMCZR //Master Ciear pin used for 1/0

4FUSES NOPROTECT //Cods not protectsa from reading

#FUSES BROMNOUT /Resst vhen brovnout detected

#FUsES NoCLEOUT 7/5/0 funceion on oscz

sruses eSO //tnternal External Svitch Over mods enabled

sruses romy //Fail-sate clock monitor enabled

4rusES NowRT //Progran memory not vrite protected

#ruses sTvREN J/Stack £u11/undextlov will cause reset

#FUsES BORV2S J/Brownout reset at 2.5V

#FUSES NOLESOR //L0v-Pover Brovnout resst is disabled

#rusEs NoLve /N0 1ov voitage proming, B3(PIC16) or BS(PICiE) used for 1/0

#use delay(incernal-niiz)
#use £5232 (baud=9600, paricy=N, xmit-PIN 6, zov=PIN_C7,bitsn3, strean~PORTL, erzors)
$USE P (QUTPUT=PIN C3, FREQUENCY=1KHz, DUTY=2S, streameleft)
4USE B (OUTEUT-PIN CS, FREQUENCY-1kiiz, DUTY=7S, stzeameright)

sdefine LED PIN_AS
#define DELAY 500

sdetine direction lefc PIN AL // set the direction pin for left vhesl
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SCHEMATIC INCLUDES:
8xLEDS

(2 X WHITE HEADLIGHTS, 2 X RED
BREAK LIGHTS, 4 X LEFT / RIGHT /
FRONT /BACK INDICATORS)

PICLGF1508

2 X DCMOTORS WITHIN H-
BRIDGE SETUP

X 2200 RESISTORS
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