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Introduction
The final brief for this assignment was to design an electronic device that would be integrated onto an electric bike or would be bolted onto a normal pedal bike, as part of a company containing members form the class. This report will focus on one of the projects that was designed within the group which was a GPS system that would be attached to the bike.
Background Information
During this section varies research will be done so that the designer will be able to undertake this project. Research such as circuit design, what pic chip to use, GPS module research and interface coding will be recorded with in this section. In the beginning the GPS system was going to be designed as a GPS tracking unit that would send a message to the user’s phone when the bike was moved from its initial resting place. Over the course of the project this basic idea was changed to a GPS unit that would display your location on a screen and would be mounted onto the handlebars of the bike. This decision was made as during the project implementing A GSM module and GPS module proved too difficult for the designer to do.
Circuit design research
This part of the section will contain varies screenshots of other circuit diagrams form other similar projects. These where used when considering what components where needed for the project and what the actual circuit was going to look like. As stated in the opening paragraph the project went through some design changes so different circuit diagrams will be referenced here.
[image: C:\Users\Nath\AppData\Local\Microsoft\Windows\INetCache\Content.Word\gsm-based-advance-security-and-rtealtime-vehicle-tracking-using-gps-technolgy-3-9-638.jpg]
[bookmark: _Toc514184233]Figure 1 Figure 1 shows a circuit diagram of a GPS tracker [1]
As can be seen in figure one this is a simple GPS tracker circuit containing a GPS module, a GSM module, a pic chip and an LCD screen. The way this circuit would work is GPS coordinates would be received into the GPS module via the antenna connected to it. These coordinates would then be stored within the PIC chip ready to be used by the GSM module. When the bike was moved the GSM, module would read the coordinated stored within the pic then sent in a SMS to the user’s phone. The buzzer would then be sounded to alert anybody near the theft.
[image: Image result for gps lcd display project]
[bookmark: _Toc514184234]Figure 2 Figure 2 shows a circuit diagram for a simple GPS display circuit [2]
 The above screenshot (figure2) shows a simple GPS display circuit which contains a GPS module, PIC chip and an LCD screen. This circuit works by having the GPS module receive in coordinates then feeding them into the PIC chip for storage and reformatting. The PIC chip then sieves through the data given by the GPS module and takes out the useful data e.g. the latitude and longitude coordinated. These coordinates then get displayed onto the LCD screen for the user to see.
Pic chip Research
During this section the type of PIC chip that will be used within the project will be discussed and reasons behind its choosing. The way in which the PIC was decided is as followed, Number of pins the pic has, the amount of ram and if it has a UART. The built in PIC finder on the Microchip website was very helpful in finding pics with these certain specifications. 
[image: https://gyazo.com/a4aafbb99bf983d82c951478ed58c8cc.png]




[image: Image result for PIC16F1578 image]




Figure 4 Figure 4 shows a picture of the chosen PIC chip[3]
[bookmark: _Toc514184235]Figure 3 Figure 3 shows the parameters of the chosen PIC chip[3]


The type of PIC that was decided to be ideal for this project was the PIC16F1578 the parameters for this chosen PIC can be seen in figure 3 found above. This PIC was decided upon because it has 20 pins which means the requirements and allows room for additions in the future, 512 bytes of ram which is more than enough ram to hold the varies code that will be needed to operate the device and finally this pic contains 1 UART which is suitable for the project because the device only needs to receive data form one device.
Due to lack of PIC microcontrollers in stock within the university this chip was not available for this project. Instead a different PIC was decided upon to replace this one so that the project could still be carried out. The PIC which was chosen as the replacement is the 16F887 chip. This has a pin count of 40, a ram amount of 368 and, also contains one UART. This PIC was chosen as the other chips didn’t have enough pins for this project and because this chip contained a UART whereas the opposing chip the 16F84A did not contain one. The parameters of this chip can be found below in figure 5.
[image: https://i.gyazo.com/10a48f61c146d8ffb7df56f3581d8c79.png]
Figure 5 Figure 5 shows the parameters for the replacement chip[4]
GPS / GPS module research 
This part of the research will focus on finding a suitable GPS module that is easy to install onto a breadboard, has a good sensitivity and has a cheap cost.
The Global positioning system or GPS for short is a network of multiple satellites that orbit the earth just outside the earth’s orbit. During anytime of the day you are visible to at least four of these stabilities, these satellites are constantly transmitting data about their position to your phone at regular intervals throughout the day. These signals received by your phone calculate the distance between the device and the satellite and are formatted into strings that contain information such as the date, time, latitude and longitude[5]. Latitude is a measurement of distance from the equator, the distance ranges from 0° to 90° north or south. While latitude measures your position from north - south longitude measures your position form east – west form a range of 0° - 360° on the earth’s surface. This is measured from a specific line called the prime meridian which is worldly known as the zero-degree line for longitude[5]. So, by using these specific numbers a satellite can pin point where exactly your device is on earth. With there being so many satellites orbiting the planet as well as advancements in receiver and transmitter technology these GPS devices can be very accurate, maintain lock on your position through dense forests, urban environments and within a certain depth beneath the water[6]. These coordinates are produced in strings that can fed into a PIC chip to be stored and displayed onto a screen, this string can be seen on the next page in figure 6.

[image: C:\Users\Nath\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Fig-5-How-the-GPS-data-is-string-manipulated.png]
Figure 6 Figure 6 shows what a GPS string looks like[5]
The picture above shows what a typical GPS data string looks like. GPS data is read into a device as three different data lines, but only the bottom string in the picture above is useful as it contains all the necessary data that is needed and is produced in an easily understandable format. The string is made up of four varies parts, the first part is the current time, the second part after the A is the latitude coordinate while the third part after the S is the longitude coordinate. The varies numbers after the E represent the number of satellites connected to the device, antenna altitude, geoidal separation and age of differential GPS data.
[image: https://i.gyazo.com/70c13d555b90abe00e127a67dc3368b5.png]During the research process two main GPS modules where considered for this project, the first one being a adafruit 746 GPS module. This is a cheap module which is easily used on a bread board, has a built-in antenna and has a decent sensitivity of -156dBm. The second GPS module that was looked at was a PAM-7Q, this module is also easy to use within a project, has a built-in antenna and has good sensitivity. The final decision was mostly based on the price as both the GPS modules had similar specs. The decision made was to use the adafruit GPS module as it cost only £35 whereas the PAM-7Q cost around £50. The technical details for the chosen module can be found in figure 7 below.






Figure 7 Figure 7 shows the technical details for the chosen module taken form the adafruit website [6]









[bookmark: _GoBack]Final Circuit design
This section of the report will highlight the final circuit diagram chosen for the project, and give a quick explanation of how the circuit functions. It will also explain why this circuit diagram was chosen and how effective it is in executing its desired task.
[image: ]
Figure 8 Figure 8 shows the final circuit design
The screenshot found above is the final circuit design for the project. This circuit contains one PIC 16F887 chip, a LM016L LCD screen, a GPS module and a simple pull up resistor in series with a button to make a reset switch. The design was finally decided on through the background research that was done. This circuit also contains very little components which means it will be cost efficient to make and if the circuit was final made into a fully working prototype, it would be small and compact which is one of the key features looked for in bicycle attachments. Initially the project was going to a GPS tracker system, but due to time constraints and lack of programming knowledge this idea had to be reworked into a simple GPS circuit.
The way the circuit works is as follows. The GPS module receives data in via an inbuilt antenna from varies satellites orbiting the earth, this data is then sent into the PIC chip where the data gets split up into chunks where it is then stored in memory inside the chip. The useful data extracted by the chip is then pulled from memory and displayed on to the LCD screen for the user to see. 




Final code
This section will focus on the final code for the project and explaining how the different sections of code work. The final finished code can be seen below in figure 9 and 10. In the end the code contained one error that prevented the project from displaying the coordinates probably, a check that will show that the code works has been added into the code this will be shown later on in this section.
[image: https://i.gyazo.com/b213eba2572fe63f33b36f06cde2bad8.png]







Figure 9 Figure 9 shows the first section of the code


The screenshot above shows the first section of the code. This includes declaring the variables and reading on the data from the GPS module into the chip. Declaring the variables is quite simple, it’s just setting up the data types, length and values associated with each variable that will be used within the code. Most of the variables in the final code are set up in array formats as they will need to hold multiple values within one defined location. The data read in from the GPS module works by first checking whether there is a signal from the keyboard, if there is the variable str is then set to equal the data that is being transmitted on the RX pin which in this case is the data being transmitted from the GPS module.
[image: https://i.gyazo.com/c9014c70164a857e0381fa849b93f91b.png]




Figure 10 Figure 10 shows the second section of the code

The screenshot above shows the second and final section of the code. This section includes the actual splitting code, the array storing code and the code that displays the coordinates onto an LCD screen. The splitting code works as followed, the variables str which contains the GPS data and the sep variable that contains the separator character get put into a command called strtok. This command reads through the data in str and splits the data up into tokens when it reads in the specified character found in the sep variable. In this case it’s a comma so whenever a comma is read from the data in str the command splits the data, this is then put into a while loop to loop this command until there is no more data in str. These chunks of data then get stored into an array so that they can be easily located and retrieved when they are needed. The final bit of code within this part is the LCD display code, which is just a simple printf command which is then targeted at the LCD by using the LCD_putc command and then simply pulling the useful data e.g. the latitude and longitude coordinates out of the array and displaying them onto the LCD. This is done by using array[3] and array[5] to define where to look in the array to retrieve the data.
The error found with in this code is to do with the display of the data onto the LCD screen. The reading and storage works as intended but when the data is displayed onto the screen, the screen will display two black boxes at the start then by leaving the simulation running the screen will start to display random letters. This is seen in figures 11 and 12 found below.
[image: ][image: ]Figure 11 Figure 11 shows the simulation of the system
Figure 12 Figure 12 shows the simulation of the system after some time running









There are two reasons in which this error could have occurred. These being the data definition of the variables throughout the code don’t match up as intended so certain numbers are being transformed into letters via the ascii system, or because the GPS data is read in containing three lines of data instead of just one line meaning the data in the array is being constantly overwritten which means the useful data can’t be extracted from the array. The way in which the data types could be fixed would be to toughly check the code for any mismatching data types and maybe considering less used data types such as float and long. The three data lines error could be solved by using a simply check code which could either be a hex check to find the end of each line or by searching through the data to find a specific letter that differs between the three data lines.





[image: https://i.gyazo.com/8e41c02a739cc0133cf686402e73fe93.png]Also, as explained at the start of this section a code check has been put into the code to check that the splitter code does work, this can be seen in the screenshot below in figure 12. The way in which this check was done, was by predefining the str variable to equal what the GPS string should be when read in by the chip.Figure 12 Figure 12 shows the str variable being defined for the code check







As can be seen in the screenshots below this addition to the code allows the code to work as intended and display the coordinates onto the LCD screen. And as can be seen in the second screenshot or figure 45 these coordinates stay on the screen until the simulation is turned off unlike the previous code where after some time the LCD screen would start displaying random letters and characters.
[image: ][image: ]
Figure 14 Figure 14 shows the simulation of the new code after some time running
Figure 13 Figure 13 shows the simulation of the new code

Final prototype pictures
[image: ]
Figure 15 Figure 15 shows the final prototype
The picture above shows the final porotype design of the project. This was constructed onto a breadboard to make testing the final product easier. The PIC chip was programmed by using a pic kit3 in which once connecting the device to the computer and verifying the chip was placed in the device the hex file of the code was then uploaded into the software then programmed into the chip. Unfortunately, during the testing phase, the LCD screen would not turn on even though voltage was being sent to the screen and with the contrast wire connected to ground or VDD the screen wouldn’t turn on so no prototype testing result are available.
Group work
At the start of the project a Gantt chart was created to keep track of individual work and so progress could be checked and recorded throughout the project. This Gantt chart can be found below in figures 17 – 19.
[image: ]Figure 16 Figure 16 shows the first section of the Gantt chart


[image: ]
Figure 17 Figure 17 shows the second section of the Gantt chart
[image: ]
Figure 18 Figure 18 shows the third section of the Gantt chart

As can be seen by the first screenshot in this series figure 17. The project was split into four different section with multiple sub sections acting as checkpoints within the project. The first section of the chart was designated for background research into the project, this entails research such as PIC research, GPS working and module research and code research. The second section was reserved for the actual designing and computer simulation of the code. This contains sub sections to do with designing and testing of the whole system and the coding of the interface between the GPS module and the LCD screen. This section also contained time for debugging code to try and reduce time delays in the project. The third section was for the actual building and prototype testing of the physical circuit. The fourth section is all the write up, meeting and presentation work that was done for the end of the project.
The project brief also specified that the project author was to work in a group to form a company with a name, motto and a motive for something bike related. The group consisted of Nathan Davies, Alex Hall and Robert Lucas, the three different members carried out different projects within the group and held meetings to discuss their progress and any difficulties they were having with their project, examples of these meetings can be found in the appendix at the end of the report. The final name of the company discussed within the group was “Swansea Cycle Electronics”, with the prime motive of designing and creating bespoke electronics that would be mounted on to electric bikes or pedal bikes. The group work helped all members within the group, this being with general time management advice, certain coding aspects, prototype building work such as soldering and wiring, progression help and general write up help.
Conclusion
In conclusion to the whole project, the project went well with the project having few time delays except for the end of the project where the code had some errors within it. In the final product the main code for splitting the GPS data work the only errors in the code were, to do with displaying the coordinates onto the screen. This can be fixed by spending more time maybe researching data types and fixing/testing code. The final prototype couldn’t be tested as the LCD screen wasn’t working this can be fixed by using a different LCD screen. The group aspect of the project was very successful as within the team there was a lot of communication between team mates. This was present within group meetings, during lecture time and outside of lecture time. This helped all members of the group in many aspects of their own personal projects, by giving insight into what progression should be made and help in design and building the circuits.  
Things that would be done different in this project of it were to be done again or continued would be to spend more time working on the code aspect of the project. This is because of the error of the coordinates not being displayed properly. Some things that would be added into the circuit of more time was allowed for this project would be a larger LCD screen to display more data and a speedometer to show how fast the user is going.
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Minutes of Swansea Cycle Electronics Meeting
3:30 pm, Monday 20th November 2017



	Present:	
	Robert Lucas (Chair)
	 Nathan Davies (secretary)
	



Robert Lucas		Alex Hall	Nathan Davies

APOLOGIES

None given

PREVIOUS MINUTES 

Practical use of LDR and coding of LDR
Interfacing of code within PIC
Need to figure out authorities within group

MATTERS ARISING ON THE PREVIOUS MINTUES
(Now re-read the last minutes and comment on any actions taken, in chronological order)
(a) Interfacing with PIC resolved (Nathan)
(b) Resolved knowledge of use and coding of LDR(Robert)	
(c) Authorities figured out

ISSUES DISCUSSED

(a) Buy components for project (Nathan)	
 (b) Difficulty assessing long-term plan (Robert)
(c) Lack of information on using a hall-sensor on Proteus(Alex)

ANY OTHER BUSINESS

Application and coding of breadboard (try using CCS compiler for this, if not, relearn and use MPLAB)

DATE OF NEXT MEETING

REPORTED:	The next scheduled meeting of the Group is Monday November 27th 2017 at 3:30 pm, to be held on the 5th floor of the main building.
 







Minutes of Swansea Cycle Electronics Meeting
4:00 pm, Monday 23rd October 2017



	Present:	
	Alex Hall (Chair)
	Robert Lucas (secretary)
	



Robert Lucas		Alex Hall	Nathan Davies	Michael Edwards

APOLOGIES

None given

PREVIOUS MINUTES 

Group name: Swansea Cycle Electronics
Group Ideas
Gareth’s Suggestions


MATTERS ARISING ON THE PREVIOUS MINTUES
(Now re-read the last minutes and comment on any actions taken, in chronological order)
(a)	No problems have currently arisen since previous minutes.
(b)	
(c)	

ISSUES DISCUSSED

(a)	Proteus Components (not found) Nathan
(b)	LDR functionality Robert
(c)	Construction difficulties on Proteus Alex

ANY OTHER BUSINESS

N/A

DATE OF NEXT MEETING

REPORTED:	The next scheduled meeting of the Group is Monday October 30th 2017 at 3:30 pm, to be held on the 5th floor of the main building.
 







Minutes of Swansea Cycle Electronics Meeting
4:00 pm, Monday 6th November 2017



	Present:	
	Nathan Davies (Chair)
	Alex Hall (secretary)
	



Robert Lucas		Alex Hall	Nathan Davies	

APOLOGIES

None given

PREVIOUS MINUTES 

Proteus Components (not found) (Nathan)
LDR functionality (Robert)
Construction difficulties on Proteus (Alex)

MATTERS ARISING ON THE PREVIOUS MINTUES
(Now re-read the last minutes and comment on any actions taken, in chronological order)
(a)	Resolved Problems with components on proteus (Nathan)
(b)	Resolved LDR reversal problem (Robert)
(c)	Component difficulties on proteus (Alex)

ISSUES DISCUSSED

(a) Need to figure out authorities within group
(b) Interfacing of code within PIC
(c) Practical use of LDR and coding of LDR	

ANY OTHER BUSINESS

N/A

DATE OF NEXT MEETING

REPORTED:	The next scheduled meeting of the Group is Monday November 13th 2017 at 
                        4 pm, to be held on the 5th floor of the main building.
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TECHNICAL DETAILS

« Satellites: 22 tracking, 66 searching
« Patch Antenna Size: 15mm x 15mm x 4mm

« Update rate: 110 10 Hz

« Position Accuracy: < 3 meters (all GPS technology has about 3m accuracy)

« Velocity Accuracy: 01 meters/s

« Warm/cold start: 34 seconds

« Acquisition sensitivity: -145 dBm

« Tracking sensitivity: -165 dBm

« Maximum Velocity: 515m/s

« Vin range: 3.0-5.5VDC

« MTK3339 Operating current: 25mA tracking, 20 mA current draw during navigation
« Output: NMEA 0183, 9600 baud default, 3V logic level out, 5V-safe input

« DGPS/WAAS/EGNOS supported

« FCC E9M compliance and AGPS support (Offline mode : EPO valid up to 14 days )

« Upto 210 PRN channels

« Jammer detection and reduction

« Multi-path detection and compensation
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#include <main.b>
#define LCD_ENABLE_PIN PIN_D2
#define LCD_RS_PIN PIN DO
#define LCD_RW_PIN PIN D1
4define LCD_DATA4 PIN_D4
#define LCD_DATAS PIN_DS
#define LCD_DATA6 PIN_ D&
#define LCD_DATA7 PIN_D7
#define USE_TX_ISR

#include <lod.c>
#include <kbd.c>

#include <string.h>
#include <stdlib.h>
#include <stdic.h>

Elvoid main()

i
led_init():
kbd_init():

//beclaring the variables
int 1= 0;

int *str, array[40]:
char sep(3l;

char sep2(71:

//Reading in the data form the GPS module
Bl while (TRUE)
i

= if (kbhiT())
i

st = gete();
B

prints ("ss”, str)

//declaring str as a GBS string for testing
//stxr = "SGERC,101253.510,A, 5137.4792,N,00356. 9657, W, 000.0,000.0, 120218, , , A*T1";

//splinting the str variable into tokens
splic = streok(str, sep):
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//splinting the str variable into tokens
splic = streok(str, sep):

while(split '= NULL)

i

//storing the tokens into an array
arzay[i] = split;

prints ("ss\r", split);

prints ("es\r", array(il):

Split = strook (NULL, sep):

//Displaying the tokens onto an LCD screen
1lca_gotoxy(1,1);

printf(led_pute, "Lat - " "is" , array(3]);
1lca_gotoxy(1,2);

printf(led_pute, “"Lon - " "ss", array(sl);
i
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#include <main.b>
#define LCD_ENABLE_PIN PIN_D2
#define LCD_RS_PIN PIN DO
#define LCD_RW_PIN PIN D1
4define LCD_DATA4 PIN_D4
#define LCD_DATAS PIN_DS
#define LCD_DATA6 PIN_ D&
#define LCD_DATA7 PIN_D7
#define USE_TX_ISR

#include <lod.c>
#include <kbd.c>

#include <string.h>
#include <stdlib.h>
#include <stdic.h>

Elvoid main()

«
led_init():
kbd_init():

//beclaring the variables
int 1= 0;

int *str, array[40]:
char sep(3l;

char sep2(71:

Bl while (TRUE)
«

//Reading in the data form the GPS module
£ /%3 (kDRIT())

«

str = gete();

e/

prints ("ss”, str)

//declaring str as a GBS string for testing
str = "SGPRMC,101253.510,A,5137.4792,N,00356.9657,, 000.0,000.0,120218, , ,A*71";

//splinting the str variable into tokens
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