
   

 

 

 

 

 

 

Investigation into the Design & Manufacture of a 
GPS Based Tracking Camera  

 

by 

Steven Woodford 

 

Supervisor: Gareth Jones 
Second Marker: Dr Gary Jones 

 
Project submitted as part of the requirements for the award 

of  
BEng (Hons) Electrical & Electronic Engineering  

 
 

April 2018 



Major Project  April 26
th

 2018  

2 

 

Declaration  

 

  

I, Steven Woodford declare that I am the sole author of this Project; that all references cited 

have been consulted; that I have conducted all work of which this is a record, and that the 

finished work lies within the prescribed word limits.  

  

  

This work has not previously been accepted as part of any other degree submission.  

  

  

 

 

Signed : ............................................. 

 

 

Date : ............................................... 
  

  

 

 

 

 

 

 

 



Major Project  April 26
th

 2018  

3 

 

FORM OF CONSENT  

 

 

 

I Steven Woodford  hereby consent that my Project, submitted in candidature for the 

BEng(Hons) Electrical & Electronic Engineering degree, if successful, may be made available 

for inter-library loan or photocopying (subject to the law of copyright), and that the title and 

abstract may be made available to outside organisations.  

 

 

 

Signed : .............................................  
  
 
   
  Date : ............................................... 

 

 

 

 

 

 

 

 

 

 

 



Major Project  April 26
th

 2018  

4 

 

Abstract 

 

The following document has been prepared in order to outline the work undertaken for the 

major project element of the BEng Electrical & Electronic Engineering. The purpose is to 

design and build a tracking camera system for use in trials activity at QinetiQ Aberporth. 

Following research into various techniques GPS technology is selected as the basis of this 

system, partly down to the area of operation and the challenges this incurs.  

With this method chosen, the basic system operation will involve the transmission of a remote 

units GPS position back to the main unit wirelessly, a range and bearing between the two units 

can then be calculated, steering a camera accordingly to maintain the object within the camera 

FOV. 

With the complexities encountered during the project, and the heavy dependency on software 

implementation for the chosen solution, the final system had to scaled back in terms of the 

scope. The software development was a steep learning curve, which had a knock on effect on 

the other tasks required. 

The final system although not meeting the exact criteria set out, does offer the ability to 

transmit the positional data of one object wirelessly, and allows the main unit to calculate the 

bearing and distance between the two.   
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1. Introduction 

 

 

1.1.  A brief history of QinetiQ 

 

In July 2001 QinetiQ was formed when the MOD split their Defence Evaluation and Research 

Agency (DERA) department. When this split occurred some parts of DERA were renamed as 

DSTL (Defence Science & Technology Laboratory) which remains part of the MOD, while the 

other parts from DERA formed a private company, QinetiQ.   

The name QinetiQ derives from the scientific term kinetic, and was decided upon following 

analysis of the strengths and capabilities housed in the business [1].  

QinetiQ offers a broadly diverse range of services within the defence and technology sector, 

ranging from the aeronautical to maritime, space exploration to national security, naming but a 

few [2].  

The site at Aberporth is classed as an air range, it mainly deals with aircraft trials, however it 

can also be utilized for Naval and marine activities, or any other research and development 

activities that require the use of a large range area. 

“The Range Danger Area covers some 6,500km
2
 of Cardigan Bay from sea level to unlimited 

height” [3].  

 

 

1.2.  Aberporth Background  

 

Aberporth Range was established at the start of the Second World War for the use of the royal 

artillery. In 1940 the Projectile Development Establishment was evacuated from Fort Halstead, 

Kent, and re homed at Aberporth from fears of attack. This would become the first of many 

test and evaluation capabilities provided at the site. Over the years the range has developed 

along with technology to continue the test and evaluation of new missile systems and 

equipment. In 1966 the first instrumented target barge was deployed in Cardigan Bay, prior to 

this buoys and basic rafts had been used for bombing trials. 
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The present day site looks very different compared with 20 -30 years ago with the declining 

defence budget and the continued rationalization. The nature of the site has also changed, with 

the majority of work being carried out on air and sea launched systems. The equipment has 

evolved to provide the current capabilities and continue to meet customer requirements. To 

provide a safe trial many factors need to be assessed, with lots of work in preparation. Even if 

everything is serviceable and ready for the trial lots of delays and cancellations can occur 

owing to the weather conditions, over which no one has any control [4], [5]. 

 

Some of the main facilities used to deliver a safe trial are:   

Surveillance radars: although the airspace above Aberporth is closed to the public during trials 

activity, it’s necessary to monitor this continually in case of any aircraft approaching. The air 

controllers use the information gathered from the Radars to provide safe flight paths to both 

civilian and military aircraft.  

Tracking Radars: are crucial in order to carry out any trial; two separate Radars provide this 

function at Aberporth, with one of them being able to track up to 40 targets on its own. During 

a trial everything involved would be tracked, aircraft, various targets, stores etc. This is to 

ensure safe distances are maintained at all times, and it provides invaluable data to the Trials 

Conducting Officer, In Flight Safety Officer and the customer. 

Telemetry Section: Used in the reception and decoding of all the data transmitted back during 

a missile flight. They also receive the video transmitted back from aerial and surface targets. 

Aerial targets: Provide a dynamic aerial target that can be used either for air-to-air firings, 

Radar tracking and various other roles. 

Surface Targets: Provide either dynamic or static surface targets that can be used for various 

roles from bombing targets to equipment platforms. 

There are various other departments and facilities that also help in the general running of the 

site and trials delivery, but too many to list here.    

The author’s position within QinetiQ is that of an ST (Surface Target) Technician. Along with 

a team of four others who are responsible for the design, build, maintenance and operation of 

the electronic equipment on the target barges. Along with the standard electronic 
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instrumentation that’s used on the target barges there’s also bespoke solutions designed and 

built for new projects/trials. 

 

 

1.3.  Project Overview  

 

With a brief overview of the Aberporth range, and the different sections that contribute to the 

various trials activities, it should allow a better understanding of the purpose of this project in 

supporting some activities from the Surface Target element. A selection of targets and 

instrumentation platforms are utilised by the department. It’s common for customers, whatever 

their requirements, to wish to have the availability of video footage, either of the target or 

impact. This imaging can be used for scoring in terms of accuracy/ repeatability etc, safety 

aspects for example-  is the target clear of personnel or marine mammals, has the ordinance 

detonated correctly etc. Video footage is also helpful for publicity material.  

A routine activity could consist of a large instrumentation platform, with a smaller pontoon 

moored in the vicinity, the pontoon would be the impact target with the cameras and other 

equipment at a safe distance on the instrumentation platform, an operator would then control 

the camera to maintain the target in the camera field of view (FOV). This can pose a challenge 

in higher sea states due to the pitch and roll of the platforms, where it’s attempted to have the 

target as large as possible within the FOV, whilst avoiding spending the majority of time 

looking at either the sea or sky. A variation on this activity only uses the instrumentation 

platform, and rather than using a smaller platform as the target, the customer is provided with 

an offset GPS position. This can pose additional problems for the camera operator, in ensuring 

the camera is positioned correctly through the use of the on board compass and calculating a 

bearing. 

The aim of this project is to create a system that could be used in a variety of similar activities, 

either to take some of the work load from the operator, or maintain a target within the camera 

FOV with minimum user intervention. As the platforms move with changes in the tide, the 

camera will still be able to maintain a suitable image. With development the system could also 
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be used for tracking dynamic targets such as Unmanned Surface Vessel’s (USV), which is 

another option offered to the customer.      

 

To give a better overview of the types of targets mentioned, the image in Figure 1 shows a 

legacy Laser Guided Bomb (LGB) target and a smaller 5m pontoon, although the distance 

between the two is fairly small, this can vary significantly depending on the requirement, also 

there may be several 5m pontoons surrounding the main barge, which adds an element of 

confusion.  

 

 

Figure 1 - LGB target with 5m Pontoon 

 

A newer Instrumentation platform can be seen in Figure 2, this performs the same function as 

the previous mother barge, with an increased instrumentation offering. 
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Figure 2 - Updated Instrumentation Platform 

 

In addition to the 5m pontoon pictured in Figure 1, some activities require the use of a 

dynamic target, one of the offerings for this type of activity is a remotely operated USV 

similar to the C13 picture in Figure 3. 

 

 

Figure 3 - C-13 USV 

 

To categorically define the project in terms of a draft title, it will be an investigation into the 

feasibility of tracking an object, with the aim of keeping it within a camera FOV.  
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1.4.  Planning  

1.4.1. Aims  

 

The following information had been prepared to highlight the purpose of the project, and 

specify what the final design would be capable of. It was prepared during the proposal phase 

of the project, but still remains valid and achieves the objective of focusing time and energy in 

order to achieve the goal.   

The main aim of this project will be to investigate and design a tracking camera solution, 

looking at existing methods and ascertaining whether GPS is a viable option. This will include 

the necessary research before undertaking the design and build of the system. The overall 

success of this project will be measured by the ability of the system to locate the target within 

the cameras FOV; once the system is functional there is the opportunity to develop it further. 

In working towards this goal there are several lesser milestones to overcome; some of these 

milestones are listed below:   

 

1. The project must satisfy the requirements of the major project brief. 

 

2. The project must be suitably complete within the allotted timescale. 

 

3. The system must be accurate enough to maintain the target in the camera FOV. 

 

4. The system must be user friendly, once installed it should operate with minimal user 

intervention.  

 

5. The system must be rugged, as it will be used on instrumentation platforms out in 

Cardigan Bay. 

 

6. The system will integrate with the existing electronics easily, whilst being 

transferrable. 
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1.4.2. Objectives  

 

If there’s any hope of achieving the main aim of the project, several key objectives will first 

need to be addressed, these are listed below: 

 

1. Investigation of tracking technology. 

 

2. Investigation into wireless data transmission. 

 

3. Obtaining positional information for the object. 

 

4. Transmission of the objects positional data back to the base (camera location). 

 

5. Processing the data and calculating the difference between the two positions. 

 

6. Build the system. 

 

7. Processing the data and enabling the camera to adjust its position, to locate target. 

 

8. Ascertain if tracking a stationary object is possible with the system. 

 

9. Investigate whether tracking a slow moving object is possible with the system. 

 

10. Investigate whether tracking a fast moving object is possible with the system 

 

11. Highlight areas for future work and development. 

 

 

 

1.4.3. Timescales  

In order to achieve these objectives, and in turn the overall the success of the project, time 

management will be a crucial element. This is down to the complexity of some areas within 

the project, the scale, and the expected/ required performance of the finished product to 
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constitute a success. Along with these internal factors there will also be other academic time 

demands during the following academic year, without considering any other commitments. 

A useful method of time/project management is using a Gantt chart, using this tool not only 

helps by making the author consider all the elements within the project, it also requires time 

estimates to be assigned for each task. With this information it can highlight any potential 

conflicts, or unreasonable timescales. A full Gantt chart showing major tasks and sub tasks can 

be viewed in Appendix 1, for ease of viewing the main tasks have been highlighted in Table 1. 

As this Gantt chart is a fluid document, there’s likely to be updates throughout the project, 

possibly where tasks are completed ahead of schedule, or in other cases down to slippage.  

 

 

Table 1 - Task Timescales 

Major Tasks Date 

Research 01/08/17 – 25/12/17 

Electronic Design 24/11/17 – 09/01/18 

Program Design 05/12/17 – 09/02/18 

Mechanical Design 07/12/17 – 12/01/18 

Interim Viva 07/02/17 – 14/02/17 

Electronics Prototype 10/01/18 – 15/02/18 

Mechanical Build 08/12/17 – 06/03/18 

Testing 15/02/18 – 08/04/18 

Evaluation 08/04/18 – 15/04/18 

Final Viva 10/04/18 – 27/04/18 

 

 

 



Major Project  April 26
th

 2018  

24 

 

2. Research & Development Methodology  

 

With a reasonable technical overview of the project aims, and an insight into the features of 

the finished product, it is now time to outline the research and development methodology 

decided on for the project. To better understand what the research methodology entails, it’s 

helpful to look at the definition of both words. ‘Research can be defined as the investigation or 

experimentation aimed at the discovery and interpretation of facts or the collecting of 

information about a particular subject’. According to the Merriam-Webster dictionary. 

Methodology is similarly defined as; “a body of methods, rules and postulates employed by a 

discipline: a particular procedure or set of procedures: the analysis of the principles or 

procedures of inquiry in a particular field.” From the same source. [6] 

 Basically, a research methodology is important because it clarifies and defines the processes 

used for arriving at an outcome. This enables someone to work systematically through a series 

of steps to arrive at a conclusion. It enables others to follow that process also, which can be 

useful as it enables easier analysis if/when different outcomes are attained. 

An easy way to illustrate all that needs to be considered when sourcing information is to use 

the Research Onion, developed by Saunders et al. (2007) a copy of this can be seen in Figure 

4. 

 

 

 

Figure 4 - Research Onion   [7] 
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Understanding and using a research methodology has enabled work to be completed 

systematically, from a wider perspective narrowing down the processes along the way and 

thereby identifying clearly and clarifying the issues involved; so that at a course of action can 

be  followed through to the completion of the project. 

It has helped to consider carefully which is the most suited route of research to follow and 

why; assessing which methods best suit the proposed project and why, therefore allowing the 

most suitable method to be followed. 

The following details on the method should allow others to follow the process if they so wish, 

or to highlight if another process could have produced better results. 

 

2.1.   Research and Development Conclusion 

 

Using the different layers of the research onion a suitable method was adopted and followed: 

  

2.1.1. Research Methodology 

 

A positivistic philosophy was used as it aligns itself well with the technical nature of the 

project, and analysis is based on quantifiable results where the researcher has an independent 

role. The other philosophies can be far more subjective and aim to draw meaning from the 

results often involving the researcher within the study, which can influence results [8]. It was 

felt that this philosophy would not lend itself to the nature of the project. 

 

2.1.2. Research Approaches 

 

With the positivistic research philosophy decided upon, the deductive research methodology 

was a natural choice given how the two complement each other. This approach was also 

chosen as the aim of the project is to develop a tracking solution using existing technology. 

The technology concerned is mature and much literature has been produced on the various 

aspects of it. With the information available a theory or hypothesis can be put forward 
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regarding the expected results of the project, allowing it to be tested by altering variables and 

analysing performance accordingly [9]. 

 

2.1.3. Research Strategies 

 

The choice for the method will be that of the mixed method. This will allow for some 

flexibility within the project and allow data to be recorded from experiments, testing the 

various components as well as observations of the performance as a whole. In this case some 

action research may be involved as the product is evaluated and developed. 

2.1.4. Time Horizons 

 

Due to the nature of the project a cross sectional horizon is appropriate. The product will either 

work or not. It is unlikely to degrade or change in terms of performance over time unless 

component failure is involved. 

 

2.1.5. Data Collection 

 

Primary and secondary data will be used as part of the research; the surrounding technology is 

fairly mature, so there should be plenty of information, and data from previous work 

surrounding them. Areas to look at will be published literature along with web articles and 

journals. When the system design begins it will be necessary to carry out tests on individual 

components, consult datasheets to ensure correct wiring and operation. To conclude there will 

be testing of the system as a whole in order to ascertain whether it’s met the objectives. 
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3. Available Technology 

 

3.1.  Products on the Market 

One of the positives regarding the selection of the tracking camera solution is due to the 

maturity of the associated technology; some of the tracking technologies such as RADAR have 

been in operation and development since the Second World War. At the lower end of the 

market is the  availability of products catered more to the hobbyist or average consumer, this is 

helped by the increased popularity of social media, Instagram, YouTube etc, where people 

want to document and record more of their lives, including capturing good footage playing 

sports and other activities. Technologies such as Quadcopters and RC vehicles have become 

much more advanced, along with the increase in reasonably priced options this helps to appeal 

to a wider audience. Although these products are not aimed at the same market, and they may 

achieve the tracking aspect using a different method, it is reassuring that the goal is clearly 

achievable.  

 

3.1.1. Soloshot 

 

One of the camera systems on the market is the Soloshot; this product is aimed at people trying 

to record themselves in various sporting activities, where a cameraman may not be available. 

The product comes in two parts with the base unit with mounted camera and an armband 

tracker that the user wears. There is a calibration process to be completed which involves 

centring the camera FOV on an object, allowing the tracker a few minutes to acquire satellites, 

and then performing a ‘walkaround’ with the tracker, maintaining the aspect of the tracker so 

the GPS receiver has a constant view of the sky, to complete the process the tracker is placed 

on the base and button press sets the home position. Although the exact process the Soloshot 

uses to track is not explained in particular detail on their website, from the calibration process 

it appears that only the tracker has a GPS and the base gets its position during the calibration 

process, with this information it allows the base to receive the trackers position as it moves 

through space using a wireless link. The limitation this setup appears to have would be if the 

base was moved, the calibration process would have to be repeated. This would likely make it 

unsuitable for the desired application, where both objects may be moving. Available for £300. 
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Figure 5 - Soloshot data [10] 
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3.1.2. Pixio  

 

Another product on the market is the Pixio, this has similar features to the Soloshot with some 

key differences, one being the fact that it can work indoors and out, but does have a lesser 

maximum range. With it being able to track indoors GPS is out of the question, from the items 

included this becomes clear. As well as a tracking base, and the user tag the Pixio includes 

three separate ‘micro beacons’ which are placed around the activity area, in a specific 

configuration.  With these micro beacons in place and the base camera centred on beacon 1, 

the tag can now be switched on allowing the base to track it through the triangulated signal. 

One other feature that the Pixio offers is the ability to set the frame size with respect to the 

object, so as the calculated distance increases between the base and the tag, the zoom function 

of the camera is automatically adjusted, to maintain the object at the desired size within the 

FOV. Available for €679 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 - Pixio Example 
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Figure 7 - Pixio data  [11] 

 

 

 

3.1.3. Pixy Cam 

 

The Pixy cam operates in a different manner to the previous alternatives; it looks to be 

something that could be used as part of a project, rather than a complete product. In the 

examples available it’s used in conjunction with an Arduino and attached to a Pan/Tilt servo. 

It’s based on image tracking software so uses a fairly low resolution camera that’s able to 

detect different colours, and objects of the desired colour. Different colours can be selected 

within the software as well. To use this effectively to capture decent quality images it’s often 

paired with a better camera and the Pixy cam is used similar to a viewfinder. Available for £63 
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Figure 8 - PixyCam data  [12], [13] 

 

 

 

 

 

3.2.  Tracking Methods 

To satisfy the aim of this project doesn’t require the development of any new technology, 

there’s been a range of methods used to track an object going back to the Second World War, 

and probably further. The following section gives a brief overview of some of the methods:  
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3.2.1. RADAR  

 

Radio Detection and Ranging. RADAR’s can generally be split into two main categories, 

Primary and Secondary. Primary transmits RF energy usually in very short pulses, if this pulse 

hits an object some of it will be reflected back and received at the RADAR, from the time 

taken between the transmission and the reception the distance can be calculated based on 

electromagnetic waves travelling at the speed of light.  

  

  

 

In order for the RADAR to continually follow the desired object the receiver horn is split into 

four quadrants, through processing the received signal and comparing the amount in each 

quadrant the RADAR is able to calculate offsets, these are then used to adjust both Azimuth 

and Elevation of the dish, this is a continual process as the RADAR tries to get an even 

amount of received RF in each quadrant, signifying it is aiming straight at the target [14]. The 

tracking process remains the same with secondary RADAR however it generally transmits a 

coded pulse, this could be something like two pulses with a 0.5µs delay. The object that is 

being tracked (if cooperative) will be fitted with a transponder; this will only transmit a reply 

pulse if the coded signal was correct. One of the advantages of secondary over primary is the 

increased distance it will work at, due to the RF energy travelling half the distance. Another 

advantage is the avoidance of cross lock, if two targets get very close or one passes by the 

other it is possible that a primary tracking RADAR may follow the wrong target.  

   

 

 

 

3.2.2. Milimetric Wave RADAR    

 

Another form of RADAR tracking is milimetric wave, this technology uses similar principles 

but operates at much higher frequencies typically +10 Ghz with a wavelength of 1 – 10mm. 

Some applications of this technology include scanners in airports, and missile seeker heads. 

There are some disadvantages of using such high frequencies, atmospheric conditions have a 
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large effect on the transmission, moisture in the air etc, so this is generally used for short range 

type applications [14], [15].  

 

 

3.2.3. RSSI / RF  

 

A similar method to RADAR that’s used by hobbyists and remote control aircraft enthusiasts 

is RSSI – Received Signal Strength Indicator. A basic method to use this to track an object 

would be to have an array of three high gain directional antennas, one in the centre and two 

offset either side. This works by comparing the signal between the three antennas, and if one 

of the outer ones are receiving a higher signal level then the unit will rotate in order to get the 

maximum signal at the centre antenna. 

 

 

3.2.4. IR Tracking  

 

IR or infrared can be used in tracking applications both actively or passively, some common 

applications that use IR cameras include search and rescue helicopters and police helicopters 

which are looking for the heat signature generated by a body. Some CCTV cameras are also 

utilising IR technology with IR diodes used to illuminate the area for the camera, whilst not 

appearing to do so to human eyes. These applications mentioned although using IR would 

generally be using some form of image tracking to complement the IR aspect. 

An active form of IR tracking that is widely used by the military is laser guidance; this has 

allowed considerable advances in the accuracy of weapons systems 

 “In World War II it could take 9,000 bombs to hit a target the size of an aircraft shelter. In 

Vietnam, 300. Today we can do it with one laser-guided munition from an F-117 [16]." 

The testing of LGB’s is fairly common at the Aberporth range, so their accuracy is well known 

(especially within the surface targets department). An LGB can be split into three sections 

consisting of the warhead, computer control group (CCG), and guidance canards (used to alter 

the flight path). When the bomb is released from the aircraft it’s in the ballistic phase where it 
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continues on an unguided trajectory based on airspeed and release angle. Whilst this is taking 

place the pilot will have illuminated the target with an infrared laser designator (known as 

painting the target) some of this light is reflected back. Once the bomb has acquired the 

reflected light through the use of photodiodes, the transition phase of the flight begins. During 

this phase the bomb will try an align itself with the maximum received signal, this is done by 

comparing the received light at various points of the diode array, this information is then 

processed in the CCG and the commands sent to the canards. Once in the terminal guidance 

phase, where the bombs flight path is aligned with the target, the same process carries on to 

maintain the flight path, when the detector is fully centred on reflected light the CCG 

commands the canards to a neutral position where the bomb returns to a ballistic flight towards 

the target [17]. 

 

  

3.2.5. Video Tracking    

 

Video tracking is often used in high end CCTV systems with both static and PTZ style 

cameras. The processing required to achieve this is fairly intensive with various algorithms 

suiting different applications and environments. The basics of the system require some form of 

object recognition, or slightly less complex, motion detection. With the goal being to follow 

the desired object through each video frame. Several difficulties arise with this style of 

tracking and vary with the environment it is used in, changes in illumination, activity within 

the background and occlusion of the object to name a few, can all be detrimental to the system 

performance [18]–[20]. This is where the sophistication of the algorithm comes into play, 

whether it can cope with these issues and still maintain the track. 

 

 

 

3.2.6. GPS Tracking  

 

The GPS (Global Positioning System) network is widely used for navigation with lots of 

newer cars being fitted with ‘satellite navigation’, and the majority of Smartphone’s having a 

GPS receiver. High end differential GPS receivers can also pinpoint positions down to 
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centimetre accuracy. GPS works by utilising satellites of known positions orbiting the earth, 

each of these are fitted with synchronized atomic clocks. The risk that these clocks aren’t 

perfectly synchronized still remains so each satellite transmits a message including the time of 

the transmission, when this message is received the GPS receiver knows the transmission time, 

the time that message was received, and from this using the speed of light the distance can be 

calculated. As the range can’t be guaranteed due to the potential synchronisation error, they are 

known as ‘pseudo ranges’. In order to get an accurate position in space three coordinates are 

required, X, Y, Z along with the fourth variable, time. To calculate that position a process 

called trilateration is used, this works by narrowing down the area where the receiver could be, 

similar to some early navigation techniques, with each reference point the area becomes 

smaller. With one satellite fix it puts the receiver a set distance from the satellite anywhere on 

the surface of a sphere (the satellite will be at the centre). The second satellite allows that 

position to be narrowed down to anywhere on a circle. The third satellite will give another 

circle which intersects the first circle; the position has now been narrowed down to two points. 

Lastly the final satellite gives the exact 3D fix [21]–[23].  

 

3.2.7. LIDAR  

LIDAR – Light Detection and Ranging uses a similar process to that of IR tracking. 

3.2.8. SONAR   

SONAR – Sound Navigation and Ranging 

 

3.3.  Selected Tracking Technology  

 

Based on the information available GPS was selected as the method for tracking, this was 

partly down to the fact that it would be less susceptible to adverse weather conditions and 

signal degradation being close to the water. It also offers lots of useful information within the 

sentences that could aid the tracking system. Another positive in GPS’s favour is the accuracy 

of the technology and wide availability of reasonably priced receivers, especially with the 

popularity of quad copters and other drones using small GPS receivers for navigation.  
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4. Research GPS / GNSS 

 

 

 

4.1.  Satellite Network & Common GPS Terminology  

 

The GPS satellite constellation is made up of 21 satellites; this figure was derived from the 

necessity to have at least four satellites in view twenty four hours per day. Using twenty one 

satellites evenly spaced with a 55° incline to the equator orbiting every twelve hours achieves 

this. [24] 

Historically the GPS system was developed by the United States Department of Defence 

(DoD) for military applications in 1973, as the system was developed and implemented it also 

became available for civilian use on the instruction of the president and U.S congress. As a 

method of safeguarding the military applications and to prevent the technology being used 

against American interests there were a couple of methods included in the system that could 

reduce the accuracy of the system for civilian use, these are known as Selective Availability 

and Anti-spoofing.   

Selective Availability works on the principle of ‘dithering’ the satellite clock frequency; this in 

turn introduces an error at the receiver which prevents it acquiring an instantaneous pseudo 

range. This error can be overcome through the use of two GPS receivers; this is known as 

differential GPS.  

The second error that can be introduced is through reducing the length of the transmitted 

message from the satellite; this has the effect of reducing the accuracy of the satellites position 

in space, which introduces a similar error in the GPS receiver’s apparent position. 

Anti-spoofing is another technique which is coined as a method of safeguarding the system 

from potential rogue signals which may lead to large errors in the calculated position. It works 

on the basis of either switching off one of the transmitted codes, or encrypting it so that only 

authorised users are able to decode the message. An Auxiliary Output Chip (AOC) is required 

to be installed in the receiver to decode the signal. 

 



Major Project  April 26
th

 2018  

37 

 

During the early days of GPS there were two separate systems, known as Standard Positioning 

Service (SPS) and Precise Positioning Service (PPS), these were based on the two signals 

being transmitted from the satellites, the L1 and L2 carriers. As the names indicate, one signal 

allowed a more accurate position to be obtained than the other, Selective Availability was also 

used in the SPS signal which could provide an error of approximately 100 metres in the final 

position. This process was deemed necessary by the US DoD in order to prevent potential 

enemies having the full accuracy of the system. This remained the case up until 2000, when 

President Clinton ordered the removal of SA saying:  

"Worldwide transportation safety, scientific, and commercial interests could best be served by 

discontinuation of SA" [25] 

That being said, the US still has the power to reduce the accuracy of the system in certain 

regions of the world, if required. The removal of SA has increased the accuracy of the SPS by 

about five times, although still not as accurate as the PPS system it is still a dramatic 

improvement. [26]  

GPS Accuracy is an important factor when considering a GPS receiver, in most cases the 

receiver will be accurate to within a few metres; however manufacturers use different 

statistical methods to measure the accuracy. One of the reasons for this is due to the GPS 

receiver itself, and how the calculated position will move slightly over time, even if the 

receiver hasn’t physically moved. This is partly down to the receiver constantly updating the 

tracked satellites, as the previous ones move beyond the line of site. If the GPS position is 

logged this produces a scatter type plot, with this data the accuracy can be calculated. 

One of the common forms of expressing GPS accuracy is known as Circular Error Probability 

(CEP), as the name suggests this uses a circle around the known position with the receiver plot 

overlaid, if 50% of the points are within a 3m radius of that position the manufacturers could 

say that receiver has a 3m CEP. Another similar method of representing the GPS accuracy is 

known as R95, it uses the same process as CEP however this time 95% of the received points 

are within the circle, thereby indicating a higher consistency in the position over time. 

Spherical Error Probability is calculated with the same process as CEP, however this time 

looks at the altitude of the position as well, so rather than a circle it uses a sphere. The table in 

Figure 9 shows some of the other common accuracy measures. 
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Figure 9 - Accuracy Measurements              [27] 

 

Dilution of Precision (DOP) is a characteristic of obtaining a position through trilateration or 

triangulation, and refers to the geometry of the satellites and the intersecting circles formed 

from the Time of Flight (TOF) calculations. Hoffman states that: “The accuracy of the position 

determined using a single receiver essentially is affected by: Accuracy of each satellites 

position; Accuracy of pseudo range measurement; Geometry. 

A measure for satellite geometry with respect to the observing site is a factor known as 

Geometric Dilution of Precision (GDOP).” [21] 

In essence the greater the separation between the four satellites being used to obtain the 

position, the better the DOP figure and also the accuracy of the position. The picture in Figure 

10 shows this well, with better spacing between the satellites the intersecting arcs cross closer 

to 90° thus forming a square where the actual position may be. The closer the satellites are 

together the intersecting lines cross closer to 180° than 90°, forming a diamond shape with a 

larger ambiguity. 
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[28] 

 

 

Where the GPS receiver has a choice of more than four satellites in view, it will constantly 

calculate the DOP figure between all available satellites, in order to get the highest accuracy 

possible/the lowest DOP figure. There are a few variations to the DOP, these are known as 

Vertical Dilution of Precision (VDOP), Horizontal Dilution of Precision (HDOP), Geometric 

Dilution of Precision (GDOP) and Position Dilution of Precision (PDOP), these focus on 

various elements of the geometry to give the most useful information to the user, e.g. If height 

is the main focus then VDOP would be more relevant than HDOP. [29] 

 

Differential GPS (DGPS) is a method that can be used to improve the accuracy of the GPS 

position. It does this by receiving additional data from GPS stations around the globe (when in 

range), these GPS stations are fixed locations and have their positions accurately surveyed. 

With the known position along with the calculated position from the satellite network the 

receiver is able to determine the difference between the two, or the current error (this will vary 

throughout the day as atmospheric conditions change and satellites come in and out of view). 

With this information it’s now able to send corrections to all GPS receivers in the area (as long 

as they accept DGPS), the GPS receives then apply this correction when calculating the 

position. [26] 

 

Figure 10 - DOP Diagram     
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Satellite Based Augmentation System (SBAS) is another method of improving the accuracy of 

positional data received using the GNSS; it works along similar principles to DGPS. It consists 

of reference stations across the different continents which receive the signal from the GNSS 

network, the positions are then sent to a control centre where the errors from the GNSS signal 

are calculated, with corrections being sent back up to a geostationary satellite; this has better 

coverage to transmit the corrections to SBAS enabled receivers within range. Various 

continents have their own groups of reference stations, the European Geostationary Navigation 

Overlay Service (EGNOS), and the Wide Area Augmentation System (WAAS) which serves 

the USA being two of them. The various networks all comply with the same standard, so an 

SBAS equipped receiver will be able to get corrected data in all areas across the globe, that 

form part of the greater SBAS network. 

 

The EGNOS agency defines the performance of a satellite network by 4 key criteria, theses are 

shown in Figure 11: 

[30] 

 

 

Figure 12 - GPS Terminology     [28] 

Figure 11 - Satellite Navigation Performance 
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Real time Kinematic (RTK) uses a similar principle to DGPS in that it uses another receiver to 

offer corrections. In this setup it uses a master receiver at a known position, with the other 

receivers in the network receiving corrections from it. It also offers some advantages over 

other systems by using data from two or more of the satellite networks (GPS, Gallileo, 

GLONASS, BeiDou), in order to do this it must be set up to receive the different frequencies, 

different size aerials etc. Along with the greater selection in satellites it also calculates its 

position using the phase of the carrier signal, rather than the pseudo random code being 

transmitted. This offers advantages due to the carrier frequency being much higher than the 

data frequency, with a higher frequency the wavelength is reduced, so any errors generated 

during the process will be on a lesser scale, centimetre accuracy is achievable. There are some 

inherent issues with this method that must be overcome to achieve this accuracy, one of them 

being able to determine if the signal has a delay of exactly one cycle, two or maybe more, this 

is known as inter ambiguity search. 

 

 

 

 

From the plot in Figure 13 the improved accuracy and reduced drift of RTK over GPS are 

clearly visible. [31] 

 

 

Along with the accuracy of a GPS receiver, the speed it can acquire the satellite signal and 

determine the position is also critical, this is where the number of channels plays a roll, the 

greater the number of channels a GPS receiver has will improve the time it takes to get an 

Figure 13 – 24hr scatter plot - RTK in blue, GPS in red 
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initial position once switched on, this is known as the Time To First Fix (TTFF). This is down 

to the amount of signals being transmitted from various satellites, as all the satellites transmit 

on the same frequency the receiver has to be able to distinguish the signals from each other, 

the message being transmitted by the satellites is a 1024 bit pseudo random code, using one 

channel or correlator it’s able to generate a specific satellite code and check the received signal 

to see if it matches. If it doesn’t match then the receiver will shift the code by 1 bit and try 

again, with a code being transmitted every millisecond it can completely check a code every 

second and then moves on to the next satellite code. With this process it can take up to thirty 

seconds to successfully identify a satellite. 

Adding another channel can halve this time, as it’s able to check a different code at the same 

time, the TTFF will keep halving as each additional channel is added. With more channels it 

also allows the receiver to track a few extra satellites, swapping between them to use the best 

four, the other channels are also able to start tracking new satellites as they come into view, 

streamlining the process to reduce signal drop outs. The process described is known as a cold 

start; where the receiver doesn’t know its location or the time neither does it have valid 

ephemeris or almanac information. Once a receiver has been active for a few minutes it’s able 

to update the almanac so it knows where in space the satellites are, and which ones it should be 

able to see.  [32] 

 

 

 

 

 

4.2.  Transmitted Signals 

 

 

There are a few different types of GPS receiver on the market, these can be categorised on the 

architecture and operation. Three common types include: 

 

C/A code carrier receivers.  These types of receiver use the course acquisition (C/A) code 

found in the L1 carrier, to get a pseudo range from the satellite. They use between 4 and 12 

channels which allows information from up to 12 satellites to be collated, improving the 
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accuracy. As well as the C/A code these receivers also record the phase of the L2 carrier, using 

both pieces of information has the benefit of reducing any errors caused through ionospheric 

degradations in the signal. One drawback found when obtaining the carrier phase is the loss of 

the data included in the L2 signal, which is the Precise code (P-code) 

 

C/A code Pseudorange. This is a basic type of GPS receiver that only utilises the C/A code. 

Typically they comprise of one to six channels, which reduces the accuracy when compared 

with the previous example. From earlier information it is known that four pieces of 

information are required to generate a 3D position, so a receiver with less than four channels 

doesn’t sound ideal, however they can be used for static objects where they receiver 

sequentially poles separate satellites to build up the positional information.   

 

P-code receivers. These are the most accurate of the three types and are generally used for high 

fidelity tasks such as surveying. These get their accuracy from the ability to use all the 

information transmitted on the L1 and L2 carriers, such as the P-code which requires a key to 

decode.  This encryption is used to prevent anti-spoofing of the signal, something that was 

touched on earlier. The P-code has an increased accuracy when compared with the C/A code 

due to the increased ‘frequency’ transmitted, ten times faster than the C/A code, which allows 

a factor of ten increase in the accuracy of the pseudo range. 

 

4.3.  Receiver Construction 

 

A basic GPS receiver consists of an antenna, signal amplifier, RF/IF, microprocessor and 

signal tracker, along with some memory to store data. 

 

Antenna – in modern GPS receivers these generally use an Omni-directional microstrip style 

antenna, tuned to the required frequency, be that L1, L2 or both. It is required to provide an 

equal gain even with changes in the angle/orientation of the receiver which can be expected 

with moving objects (these could generate errors in the pseudo range). Some pre-amplification 

may also be incorporated as the received GPS signal is particularly small.   
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RF/IF – This part of the receiver reduces the received RF signal down to a lower frequency 

signal, known as the intermediate frequency. This is done by mixing the RF with a sine wave 

provided by a local oscillator, this provides a lower frequency while keeping the modulated 

data, therefore allowing components designed for lower frequencies to be used, improving 

accuracy and cost savings. This is a common process used in the majority of modern receivers, 

based on the development of the super heterodyne receiver. 

 

Microprocessor – This includes a set of instructions used to operate the receiver along with 

performing the required computations in order to decode the incoming data, and calculate a 

position from them. Along with these tasks it usually offers some form of communication port 

that allows a user to alter settings within the receiver, in order to suit various applications. 

 

Memory – As with all devices that may need to store data or settings, some form of memory is 

required. In a GPS receiver the data stored usually includes the GPS almanac or ephemeris. 

This includes information on the satellite constellation such as orbits, satellite health, and 

unique messages. With some approximate satellite positions it allows the receiver to work out 

its position around the globe much quicker than if the information wasn’t available. 

 

 

Figure 14 - GPS Receiver Block Diagram               [33] 
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4.4.  GPS Data 

 

The organisation that sets the standard for GPS data along with other electronics designed for 

use in the marine environment is known as the National Marine Electronics Association 

(NMEA), the standard was set for GPS in 1983, however the group was formed earlier in 1957 

when a group of electronics manufacturers and retailers formed an alliance to provide a better 

service. The GPS standard was brought in to introduce some element of conformity between 

the different manufactures and software developers which meant various pieces of equipment 

and software could be used interchangeably by adhering to this standard. There have been a 

few iterations to the standard, but the current one governing GPS data is known as 0183 

version 4.1 with NMEA 2000 governing network style devices.  

 

The standard set out in 0183 details EIA 422 as the preferred output at 4800 baud, with 8 data 

bits, one stop bit and no parity, the maximum sentence length is 82 characters long, made up of 

ASCII characters with a carriage return and line feed denoting the end of the sentence. The 

various pieces of information included can vary between the different sentences used, but each 

field is separated by a comma for ease of finding the correct information. All sentences will 

start with a ‘$’ symbol followed by ‘GP’ for approved GPS sentences, a ‘P’ signifies a 

propriety sentence created by equipment manufacturers to include different forms of data. The 

other common sentence start is a ‘GL’ this signifies the GLONASS satellite network, which is 

the Russian equivalent. ‘BD’ Beidou, ‘GA’ Galileo. 

 

Some of the common GPS sentences include:  

GPGGA – Essential fix data, along with track accuracy. 

GPRMC – Stated as the minimum requirement for Navigation. 

 

The following few strings of GPS information provide an example of a common GPGGA 

sentence output from a GPS receiver: 

 

 
$GPGGA,100611.00,5208.3897736,N,00434.2282631,W,2,09,0.9,135.5,M,52.3,M,4.0,0120*50 
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$GPGGA,100611.10,5208.3897717,N,00434.2282646,W,2,09,0.9,135.5,M,52.3,M,4.1,0120*53 

 

 

100610.70 5208.3897740 N 00434.2282640 W 2 09 0.9 135.5 M 52.3 M 3.7 0120* 51 

A B C D E F G H I J K L M N O 

 

 

A – Time – Greenwich Mean Time/ Zulu time (10:06:10.7) 

B – Latitude – Decimal degrees (52˚ 08.389 minutes) 

C – Indicating North or South of the equator 

D – Longitude Decimal degrees (004˚ 34.228 minutes) 

E – Indicating East or West of Greenwich  

F – Indicating the GPS quality (0 = Invalid Fix, 1 = SPS Fix, 2 = DGPS Fix, 3 = PPS fix)  

G – Satellites in view 

H – Horizontal Dilution of Precision 

I – Altitude (based on geoid) 

J – Altitude Units 

K – Geiodal Separation (difference between WGS84 earth ellipsoid) 

L - Geiodal Separation Units 

M - Age of differential information (seconds) 

N – Differential Reference Station ID 

O – Checksum  

 

 

 

 

 

 

4.5.  Serial Data Transmission  

4.5.1. RS232 

 

The Recommended Standard 232 (RS232) data protocol is an asynchronous serial transmission 

method; this allows bi-directional communication using three wires, one for transmitting, one 

for receiving, along with a common ground. The asynchronous part means that there’s no 

associated clock signal, each bit is transmitted one after the other at a frequency defined at 

both the transmit side and the receive side. This frequency associated with digital data is 

known as the baud rate, this is the amount of bits transmitted per second. There is another 

method known as parallel transmission, this requires enough separate wires for the word being 

transmitted, it has some advantages over the serial method in that data can be transmitted at 
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much higher rates. As the baud rate is the equivalent to frequency, the bit period can be 

calculated by one divided by baud. For 9600 baud 
1

9600
= 104.16µ𝑠 

It became popular in the 1960s as a method of transferring data between Data Terminal 

Equipment (DTE) such as a computer and Data Communication Equipment (DCE) like a 

modem, one of the leading factors in its popularity was the ability to transmit the data bit by 

bit over a standard phone line, a modem would be used at either end of the transmission line in 

order to convert it to and from a serial data stream.   

Data can be transmitted a reasonable distance using RS232, approximately 50ft, this is down to 

the higher bi-polar voltage levels used, with ± 25V set as the maximum in the standard. This 

large voltage swing allows the signal to travel further before the cable resistance causes 

enough voltage drop to degrade the signal. In practice lower voltage levels are used with the 

common MAX232 IC generating -12V for a logic ‘1’ and +12V for a logic ‘0’ 

Transmitting data requires a logic ‘0’ to be transmitted first as the data line usually sits at -12V 

(logic 1) when inactive, once the start bit has been sent the data bits can then be sent, these 

vary between five to eight bits, with seven bits representing the ASCII character set. Once the 

data has been sent there’s occasionally a parity bit used and then to complete the packet a stop 

bit, the stop bit is a logic ‘1’ and can be distinguished from the other bits as it can extend more 

than one bit period, the next bit to follow this would be the start bit of the new packet, as the 

data changes from a logic ‘1’ to a logic ‘0’ it provides a rising edge, due to the inverse nature 

of the RS232 voltage levels.    

UART (Universal Asynchronous Receiver/Transmitter) 

 

[28] 

Figure 15 – RS232 Packet Protocol  
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[35] 

Figure 16 - Serial Wiring 

 

 

 

4.5.2. TTL 

 

Transistor Transistor Logic (TTL) is another method similar to RS232, and is used regularly 

for IC and MCU logic designs. So there’s a large range of integrated circuits based on TTL, 

these are generally identified by a 74 or 54 at the start of the part number. The alternative logic 

design is known as Complementary Metal Oxide Semiconductor (CMOS). 

 

[35] 

Figure 17 - TTL 

 

 

TTL uses voltage levels between 0-5V with 5V representing a logic ‘1’ and 0V a logic ‘0’. In 

contrast with RS232 the logic levels aren’t inverted and it only uses positive voltages. These 

lower voltage levels used reduce its transmission range compared with RS232, due to signal 

degradation and noise, with the voltage dropping across length of cable to approximately 2V 

the receiving device may misinterpret the transmitted bit.  
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TTL is the main form of internal communications within microcontrollers and used for 

communicating with other basic IC’s, so data being sent to the microcontroller will usually 

have to be in this form. 

 

 

[36] 

Figure 18 – TTL Voltage Range 

 

 

4.6.  Wireless Data Transmission 

 

As the main platform and satellite platform are going to be at sea separated by approximately 

1km of water the ability to transmit data between the two wirelessly is quite a high priority. 

There are instances where cables are used to send data across expanses of water, either 

overhead for short distances or along the bed of the river/sea these are known as submarine 

cables and can be used to connect countries at great distances, the UK and USA for example. 

For this application the cost would be prohibitive, along with the fact that the platforms are 

moved about, and one of the end goals of the project is for the system to be used on a moving 

target. Along with these reasons is the fact that the technology available to transmit data 

wirelessly is more than sufficient for this application.    

 

4.6.1. Infrared 

Data can be transmitted using infrared light which has a longer wavelength than visible light, 

making it undetectable to the human eye. In order to transmit data using this method the 
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transmitter and receiver usually have to be within line of site (LOS), an infrared LED or laser 

can be used to transmit the digital data by modulating the beam, which can then be seen by the 

receiver using a basic component such as an IR photodiode. A common use of this technology 

is in remote controls for common electrical items such as televisions, Hi-Fi systems etc. 

although it can be used outdoors, it’s not particularly suited to longer distances and can 

experience interference and attenuation from the IR elements of sunlight. The power of the 

transmitter can be increased to overcome this issue, but this poses safety issues in public places 

as the human eye can’t detect the light, so avoids the blink reflex, which can lead to damage to 

the retina. Another disadvantage of infrared is the directionality of the Tx/Rx, they have to be 

fairly well aligned for successful data transmission, although at shorter distances scattering 

also helps. [37], [38] 

 

  

 

 

 

4.6.2. Radio Frequency (RF) 

Data can be transmitted wirelessly using an RF carrier signal, in order to transmit this data 

through the atmosphere some form of aerial or antenna is used, which helps to propagate the 

electromagnetic energy. An aerial/antenna can be anything from a piece of wire, to a Yagi 

directional aerial (used for terrestrial television), or a parabolic reflector and feed horn. In 

order to transmit the data, either analogue or digital, it is modulated on to a higher frequency 

carrier signal. This is necessary both to convert the original baseband signal into a band pass 

signal at a unique frequency. Care is taken to avoid signals overlapping in terms of frequency, 

as this causes interference and potential corruption of the transmitted data. OFCOM manages 

the RF frequency spectrum in the UK.       

There are various types of modulation used; these vary from earlier techniques such as 

amplitude modulation. This works as the name suggests by altering the amplitude of the carrier 

signal, with respect to the data. This along with frequency modulation are the two common 

methods for transmitting radio broadcasts, BBC1, 2 etc. Another method of modulation that 

offers some advantages over these techniques is known as Phase modulation, this technique 

offers better noise immunity for the transmitted signal, so is less susceptible to bit error, where 
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a ‘0’ has changed to a ‘1’ or vice versa. There are a few more advanced modulation techniques 

that are used in digital systems; these generally use a mixture of the three basic types.   

Some important considerations when looking at RF transmission networks include the output 

power of the transmitter, the higher the power generally equates to further transmission ranges, 

and better noise immunity, generally at the expense of a higher current draw. Receiver 

sensitivity is also an important factor, as this determines how small a signal can be when it 

arrives at the destination, and still be able to be separated from the ambient noise and 

understood. [39] 

 

[40] 

Figure 19 - Modulation 

 

 

 

 

 

 

Figure 20 - Radio Transmission    [41] 
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4.6.3. Microwave link 

A microwave link uses the same principles as RF transmission, however the frequencies are 

generally higher as the name suggests. It’s described as a link as the transmitter and receiver 

have to be aligned accurately using parabolic dishes, this means LOS is critical and it is 

generally point-to-point, unless more antennas are used. This produces both advantages and 

disadvantages for the system, with the aligned dishes a higher bandwidth is achievable, this is 

ideal in fixed locations where a fibre optic cable would be impracticable to install.  

 

[42] 

Figure 21 - Microwave link Diagram 

 

 

Portable units are available, but care must be taken when aligning them to achieve the best 

possible results. The distances achievable depend on the common factors, transmitter power, 

receiver sensitivity, gain of the antenna, frequencies used. 
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[43] 

Figure 22 – Microwave Frequency Bands 

 

 

 

 

 

 

4.6.4. Satellite  

Satellite data transmission uses similar methods to those discussed with RF transmission, one 

difference being the data is transmitted to a satellite first, which then retransmits the data 

allowing the receiver to pick it up. One advantage this offers over basic RF transmission is the 

increased range it offers, due to bouncing the data off the satellite more of the globe can be 

covered including exceptionally remote locations. 
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[44] 

Figure 23 - Satellite 

 

Three geostationary satellites can effectively cover the entire globe; however there are a lot 

more in use today. Due to their position roughly 22,236 miles above the earth’s surface; they 

follow the earth’s rotation at the same speed, which means they remain in a fixed position 

relative to the earth. Due to the distance away from the earth it can take 0.22 seconds for the 

data to get their travelling at the speed of light, and the same again for the return journey, this 

can cause some problems for things like voice communications. There are a great many 

satellites that are used for other tasks, and follow two other orbits, the Low Earth Orbit ranges 

from 100-1000 miles above the earth, and the Medium Earth Orbit from 6,300-12,500 miles, 

these can also orbit the earth at varying speeds. [45] 

Similar to OFCOM regulating the frequency spectrum in the UK, there’s also an agency that 

regulates the frequencies in space, with the vast amount of satellites used all sending data for 

various purposes this is necessary to avoid interference. The International Telecommunication 

Union is responsible for this. [46] 
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     [46] 

 

Although satellite communications offer lots of advantages, there are some downsides one of 

these being cost. Due to the high cost of designing building and placing the satellite in space, 

these costs need to be recovered. Although consumers don’t directly pay for each GPS 

message they receive, if you want to use other services such as a satellite phone, they’ll have 

to pay a premium which is likely to be more than a standard phone contract. Likewise if you 

want to add satellite communication on a new product there are modules available to achieve 

this, they allow you to send data via the iridium satellite network, however you will be paying 

for each bit of information that’s transmitted.      

 

4.7.   Distance & Bearing  

 

In order to calculate the range and bearing between the two GPS receivers, it’ll be necessary to 

convert the positions into a suitable format and use an element of spherical geometry known as 

the Haversine formula. The Haversine will give a great circle distance between two points on 

the globe; although the earth is not a perfect sphere this method has proved to be accurate 

enough for the projects purpose, from some initial research online. There’s a separate 

calculation that will be used for the bearing. 

 

Figure 24 - Great Circle Arc        [47] 
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Figure 25 - Additional Trig Functions   [48] 

 

The term Haversine is an abbreviation from “half versed sine” where [48]: 

ℎ𝑎𝑣𝑒𝑟𝑠𝑖𝑛(∅) = 𝑣𝑒𝑟𝑠𝑖𝑛(∅)/2 

The Haversine equation can be seen below, using point A and point B. 

λ = Longitude 

φ = Latitude 

R = Earth’s radius (6,371km) 

 

𝑎 = 𝑠𝑖𝑛2 (𝜑𝐵 − (
𝜑𝐴

2
)) + 𝑐𝑜𝑠𝜑𝐴 × 𝑐𝑜𝑠𝜑𝐵 × 𝑠𝑖𝑛2(𝜆𝐵 − (

𝜆𝐴

2
)) 

𝑐 = 2 × 𝑎𝑡𝑎𝑛2(√𝑎, √(1 − 𝑎)) 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑅 × 𝑐 

 

 

 

The equation for the bearing can be seen below, using the same Greek letters. 

=  𝑎𝑡𝑎𝑛2( 𝑠𝑖𝑛 𝛥𝜆 ×  𝑐𝑜𝑠 𝜑𝐵 , 𝑐𝑜𝑠 𝜑𝐴 ×  𝑠𝑖𝑛 𝜑2 −  𝑠𝑖𝑛 𝜑𝐴 ×  𝑐𝑜𝑠 𝜑𝐵 ×  𝑐𝑜𝑠 𝛥𝜆 ) 
 

As atan2 will return a radians value, this will need to be converted to a suitable compass 

bearing of 0 - 360°. [49] 
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5. Market Research 

 

Although there are a few similar products available on the market, they don’t quite meet the 

requirements for this application. One of the main reasons being the setting for the equipment, 

which makes any calibration or setup procedure fairly difficult. There are some nice features 

on some of the products, especially the Soloshot which offers a smooth track of the object, 

maintaining it clearly within the FOV; this is something that will hopefully be replicated in the 

final design. 

 

Referring to the basic system diagram constructed as part of the proposal, it’s necessary to 

research the market comparing various products to suit the specific application. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 26 - Basic Block Diagram 
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5.1.  Remote GPS Receiver  

 

One of the key requirements of this project is a reasonably accurate and reliable GPS receiver, 

this is necessary if there is to be any chance of success, if the GPS receiver on the remote side 

is misrepresenting the position by 20m then there’s no chance the system will be able to track 

accurately. On the other hand it doesn’t need to be accurate to the standard of surveying 

equipment or even the sub metre accuracy offered by the GPS compass. The smallest object 

that would have the remote GPS pod attached to would be a 5m pontoon, there are other 

pontoons and along with USV’s, but they are all larger than 5m. Taking this into account a 

GPS receiver with a 5m or better accuracy should be suitable.   

 

Table 2 - GPS Receiver Comparison 

GPS 
Sensitivity 

(dBm) 

Tracking 

chan  

(view) 

Accuracy 
Overall  

channels 
Updates Data Details Voltage Price 

SA-920 -159 20 3m / 1Hz RS232 GPS L1 5V £95 

GPS-622 -161 14 2.5m cep 65 10Hz TTL GPS L1 5V £30 

L86-M33 -165 33 <2.5m cep 99 < 10Hz TTL 

GPS 

GLONASS  

QZSS 

3.3V £10 

Flora -165 22 <3m 66 < 10Hz  WAAS 3-4V £40 

746 -165 22  66 < 10Hz TTL GPS L1 5V £27 

LS20032 / 22 2.5m 66 < 10Hz RS232 

GPS GALILEO  

BEIDOU 

QZSS SBAS 

5V  

SA-320 -143 12 <3m / 1Hz RS232 GPS L1 5V £90 

Featherwing -165 22 <3m 66 10Hz TTL GPS L1 3.3V £40 

GlobalSat 

MR350 
/ 48 <5m 48 / RS232 GPS L1 5V £40 

GM-1315LA -157 / 2.5m 50 2Hz TTL GPS L1 3-3.6V 
 

NEO-6M -162 / / 50 5Hz TTL GPS   

963- 

GYSFFMAXC 
-146 33 1.4m 99 / TTL GLONASS 3.3V £16 

Hemisphere -142 27 0.6m 2drms / < 20Hz RS232 GPS 7-32V £1000 

NAVILOCK  

62571 
-167 / 2m cep 72 < 18Hz LVTTL 

GPS GlONASS 

SBAS 
5V £55 

GP-20U7 -162 22 2.5m 56 1Hz TTL GPS L1 3.3V 
 

Ocean Vision  22 <2.5m cep  < 5Hz     

 

 

The table above shows a selection of suitable GPS receivers, based on key parameters. From 

this list one GPS receiver was purchased for testing. The performance of this would be 

compared to two other GPS receivers that were available from previous projects. 
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5.1.1. Hemisphere  

 

The Hemisphere A101 smart antenna was left from a previous task, which allowed it to be 

tested along with the other receivers. Having equipment like this available at work is a good 

advantage, as it wouldn’t be cost effective to perform this type of test on a personal budget. At 

approximately £1000 it’s by far the most expensive receiver on the list, but also quotes the best 

performance with sub metre accurate horizontal positioning when valid SBAS data is 

available. The full specification can be seen in Figure 27. 

 

 

 

Figure 27 - A101 Datasheet 

 

5.1.2. GlobalSat 

 

The MR-350 was selected from the list as it met the required specification, at a reasonable 

price of £40. There were a couple of other receivers in Table 2 that could have been good 

choices, however although not included in the table, the MR-350 is based around the SIRF 
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Star IV receiver. From some of the research conducted this has been mentioned frequently 

online being one of the newer chips, and offering better than quoted performance. Based on 

this information it was selected as part of the test pool, to see if the data specifications were on 

the conservative side.    

 

 

Figure 28 - MR-350 Datasheet 
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5.1.3. GPS-622R 

 

The 622R from RF solutions was another receiver that was available from a previous task; it 

differs slightly from the other two as it comes as a bare chip, with no enclosure. For £30 it 

shows good specifications on the datasheet, the main point for consideration will be the TTL 

output rather than RS232 which will have to be considered when testing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 29 - 622R Specification 
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Figure 30 -622R Datasheet 

 

 

 

 

 

5.1.4. Selected GPS 

With three GPS receivers highlighted for testing, two being evenly matched on paper and 

another that should perform considerably better. The test procedure and results will be 

available in section 6. 
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5.2.  GPS Compass 

 

 

A GPS compass is not entirely required as part of the design, a reasonably accurate GPS 

receiver would likely suffice. However there is a GPS compass fitted to the main 

instrumentation platforms with spare output channels available, along with this the fact that 

they’re also high spec pieces of equipment offering features such as sub metre accurate GPS 

positions, compass bearings, along with pitch and roll data. With these features available it 

makes sense to utilise them from the projects perspective. The compass in question is the 

Hemisphere Vector V103: 

 

Table 3 - GPS Compass 

Receiver Type Vector GNSS L1 Compass 

Channels 540 

GPS sensitivity -142dBm 

Update Rate Up to 20Hz 

Communications  RS 232, RS422, NMEA 0183, NMEA 200 

Voltage 9 – 36VDC 

IP Rating IP69K 

Operating Temperature -30°C to +70°C 
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Figure 31 - Hemisphere Compass Specification 
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5.3.  Wireless data link 

 

Another key component in this project is the data link, this is needed in order to send the 

remote GPS data wirelessly back to the main unit. The data will need to be transmitted reliably 

as any errors in the information being sent will be detrimental to the system performance, 

without receiving the latest position the bearing will either be calculated using stale positional 

data and introduce errors or a bearing won’t be able to be calculated at all. Transceivers will be 

used to form the data link adding flexibility in the design and testing as they can be used 

interchangeably. The data link must be reliable up to 2.5km, this figure was selected as the 

system is primarily designed for use with a camera, and anything further than this viewed at 

sea level won’t provide the best footage. The majority of tasks will be shorter than 1km range.   

   

5.3.1. GE Grid Solutions 

 

This company operates in the energy 

sector, with a range of products for the 

control, transmission, distribution and 

monitoring of the equipment along the 

way. “Grid solutions, a GE and Alstom 

joint venture, is serving customers globally 

with more than 20,000 employees in 

approximately 80 countries. Grid Solutions 

equips 90% of power utilities worldwide to bring power reliably and efficiently from the point 

of generation to end power consumers”. www.ge.com 

The MDS SD Series of data modems is one item of monitoring equipment they use. It operates 

in licensed frequency bands which allows higher powers to be used, which in turn offers 

higher transmission ranges. It offers both Ethernet inputs along with standard serial data, such 

as RS232 and RS485. 
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Figure 32 - MDS Modem 

 

 

Figure 32 shows an example communication setup using three remote SD modems and one 

master, from the MDS website  
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5.3.2. Adeunis  

 

Adeunis has a good reputation in the design and manufacture of connected objects and 

wireless solutions, along with the integration of the equipment into 

larger systems; they’ve grown the business and reputation over their 

20 years in business.  

The ARF 868MR is one option from their wireless range, and meets 

the requirements for the data link. It uses a 25mW transmitter in the 

863 – 870MHz range giving up to 4km operating distance. It utilises 

serial data communications, either RS232 or RS485 with various 

operating modes. Initially the transparent mode would be the most 

suitable, which operates similar to a cable in that anything coming in 

on the data lines gets transmitted as RF and vice versa. Due to the power output and frequency 

range this device has been certified for use without any additional licences. IP53 -67 available 

 

Table 4 - Adeunis Specifications 

Name Range  Data Type Voltage Cost 

ARF 868MR 4km RS232 or 485 4.5V - 36V £175 

 

 

Figure 33- Adeunis Specification    [47] 
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5.3.3. RF Solutions 

RF Solutions as the name suggests specialise in radio modules and remote control systems, the 

business has been growing substantially since 1991 and now they’re one of the leaders of the 

RF industry. “We are now the largest supplier of RF Remote Controls and RF Telemetry 

systems, in the UK. We are also one of very few RF module design houses in the EU. From 

initial design through to the final production inspection. We believe quality brings success. We 

pride ourselves in supplying the highest quality product combined with the latest technology.” 

www.rfsolutions.co.uk 

 

The Zulu M868 radio modem is built around a 

8051 microcontroller using an EZRadioPRO 

Transceiver for the RF. It has an RF output of 

+20dBm giving a 2km range. It has four channels 

available between 868.4 MHz to 869.8 MHZ ISM 

band. UART communications buffered to RS232 

levels. The unit is available as a small PCB without an aerial, so an enclosure and aerial would 

be required. 

 

 

Name Range  Data Type Voltage Cost 

Zulu M868 2km RS232 2.2V-3.6V £19.43 
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Figure 34 - Zulu M68 data           [51] 

 

 

 

5.3.4. LORA Gamma 868   

 

 

The Gamma868 Transceiver is another 

offering from RF Solutions and can 

operate as a modem or bidirectional 

switch, at 868Mhz. Serial data can be 

input and then transmitted using 

Orthogonal Frequency Division 

Multiplexing (OFDM), this along with other algorithms can achieve a 16km maximum range.  

 

 Low voltage 

 No External components 

 Spread spectrum Technology 

 20dBm Transmit power 

 -137dBm Receiver sensitivity  
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Name Range Data Type Voltage Cost 

Gamma 868 16km TTL 5V or 12V £36 
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5.3.5. Digi XBee-PRO XSC 

 

 

The XBee offers up to 14km transmission 

range using only a dipole antenna, operating 

in the 902 to 928MHz frequency range, 

maximum power of 250mW  

 

 

 

 

 

 

 

 

 

 

Name Range  Data Type Voltage Cost 

Digi Xbee 14km TTL 2.4-3.6V £114 

 

 

 

 

5.3.6.  Selected Data Link  

Based on the transceiver options highlighted, the Gamma Lora transceiver was selected, partly 

down to being at the lower end in terms of price, but it also offered the greatest transmission 

range, and the option to run at either 5 or 12V could be useful depending on the other 

component selections. 

 

Figure 35 - Gamma Lora Pinout 
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5.4.  Microcontroller 

With the required components selected, some suitable microcontrollers can be highlighted that 

will meet the key requirements. There are still a couple of unknown variables such as program 

ROM that will only be ironed out once the software development has been completed, 

however a base specification can be established. 

 

5.4.1. MCU Requirements  

 

 

A PIC Microcontroller was selected for this project, partly down to the fact that the university 

had the programmers for this type of MCU, and suitable compilers that would allow the code 

to be written. 

A basic summary of the features that would be required, along with the number of pins for the 

MCU, this can be seen in Table 5 below. 

 

Table 5 - MCU Requirements  

I/0 Data Type Pins Freq Memory 

GPS TTL 2 1Hz 79 bytes 

Lora Transceiver TTL 2 1Hz 79 bytes 

LCD Screen Digital 7 / / 

Terminal TTL 2 / / 

Start Button  1 / / 

Power / 2 / / 

Motor PWM 1 / / 

 

With the basic requirements of the MCU set, a suitable clock speed and memory size had to be 

calculated. 

 

If on average it takes 30 instructions in order to take one reading. The clock needs to pulse 4 

times for each instruction due to the Quadrature architecture. 

9600
-1

 = 104µs 

160 characters in both GPS strings every second 
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Each ASCII character needs 8 bits to represent, including start/stop gives 10 

160 x 10 = 1600 bits per second 

30 instructions per reading x 160 characters = 48K 

48K x 4 = 192000 so 192kHz 

From previous tasks using the PIC MCU a minimum program size of 16Kb was specified. As 

the program isn’t required to store vast amounts of data, only enough variables to carry out the 

calculations so 512 Bytes was specified as an initial requirement. 

  

Requirement Minimum 

Pins 17 

UART 3 

Supply 5V 

LCD 1 

RAM ≥ 512 

Clock Speed >192kHz 

Program ≥16kB 

 

With the MCU requirements specified they were entered into the Microchip search function, a 

selection of the PIC’s that matched the specification can be seen in Table 6. Three UARTS 

were a problem though, the maximum available were two. However from using the CCS 

complier it had been discovered that it could use up to four software serial ports, so the serial 

monitor displaying the data could be connected to that.  

Table 6 - MCU Options 

MCU PIC18F23K22 PIC18F24K22 PIC18F26K22 

Pins 28 28 28 

UART 2 2 2 

Supply 2.3V -5.5V 2.3V -5.5V 2.3V -5.5V 

RAM 512B 768B 3896B 

Program Memory 8KB 16KB 65KB 

Instructions 4096 8192 32768 

Speed 64 Mhz 64 Mhz 64 Mhz 

Cost £1.62 £1.77 £2.23 

 

 

The PIC18F24K22 was selected from the options, as it met the requirements for a reasonable 

price. 
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5.5.  Additional components 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 [52] 

The Max232 IC is a useful component when dealing with serial data, as it’s often required to 

convert between the various types. The Max232 is designed to convert voltage levels from the 

TTL standard to RS232 or vice versa. In order to achieve this some additional 1uF capacitors 

are required externally to the IC, these are used as part of the charge pump circuit which alters 

the voltage levels. Standard TTL runs from 0-5V with 5V being the logic high. RS232 

operates from -12V - +12V. There are similar IC’s that allow conversion to the other data 

types, RS422 and RS485. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 36 - MAX232            
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6. Design & Testing 

 

This section details the process undertaken to develop the system design from the basic block 

diagram seen in the introduction. Although the major components were considered early on, as 

the design has developed and components selected, an updated system diagram and operation 

sequence has been produced. Along with these high level diagrams, the system has also been 

broken down into the constituent parts and detailed in electrical schematics. 

 

6.1.  System diagram  

 

Figure 37 shows the basic blocks that make up the system, on the left hand side is the remote 

unit which will transmit the data via the transceiver. It shows the power connections using the 

black arrows, and the flow of data using the grey.  On the right is the main unit which is built 

around the PIC microcontroller. The power connections have been omitted from this section to 

avoid it appearing cluttered; it does show the data directions though. 

 

 

Figure 37 - Basic Block Diagram 
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6.2.  Operational flow chart  

A basic high level diagram of the system operation was created, as it would help capture the 

requirements of operation prior to starting the software. This will be expanded on later in the 

software section, once the coding and testing has begun. 

 

 

Figure 38 - High Level Operation 
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6.3.   Risk Assessment 

 

Prior to undertaking any manufacture or testing activities, a basic risk assessment was created 

to ensure everything was done safely. The risk matrix was taken from a company template for 

risk assessments, with the contents in Figure 39 created purely for this project.  

 

 

 

Figure 39 - Risk Assessment 
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6.4.  Gamma Lora   

This section details the setup and testing of the Gamma Lora, which was selected from the 

range of RF transceivers. The following figures are some key excerpts from the datasheet 

showing the wiring and settings available.  

 

 

Figure 40 - Gamma Pinout & Mode 
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Figure 41 - Lora Programming Settings 

 

6.4.1. Lora Test Procedure 

 

 Establish communications with a PC. 

 Set Parameters.  

 Send data across the link. 

 Send NMEA format GPS data. 

 Test output power and frequency. 

 Range test.  

 

 

In order to program the Lora modems a basic interface circuit was built using a MAX232 IC 

that would allow the TTL device to be connected up to a computer serial port, this was 
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necessary as a PC terminal was required to show the Hexadecimal messages from the device, 

in order to configure the properties. It would also aid in the testing of the data link, as a 

method of viewing the transmitted and received data. The completed circuit connected up with 

the Lora transceiver can be seen in Figure 42. In order to configure it as a modem, OPT2 had 

to be connected to ground, and the Pinout from Figure 40 was used for the other connections. 

The various parameters that could be adjusted along with the default manufacturers’ settings 

can be seen in Figure 41. 

 

 

Figure 42 – Lora with Interface Circuit 

 

In order to send commands to the Lora, a new terminal was downloaded based on the 

manufacturers’ recommendations; this allowed macros to be set within the program, which is 

something hyper terminal doesn’t allow. It also allowed the messages to be displayed as either 

ASCII or hexadecimal. A few Macros were set following the format shown in the datasheet, 

Figure 41. The terminal showing a typical received message along with the macros set can be 

seen in Figure 43 and Figure 44.  
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Figure 43 - Initial Lora Setup 

 

 

Figure 44 - Setting Macros 
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With both Lora modems setup along with an interface circuit, some initial tests were carried 

out using two PC’s and sending characters and sentences across the data link. This worked ok, 

in that the characters would be displayed on the other terminal, however there was quite a 

delay observed, a sentence could be written, then walk across the room and watch it start to 

appear on the other terminal. This would not be suitable for the application, and clearly 

showed some settings needed to be modified. The different modes available to the Lora are 

shown in Figure 45, which allowed the user to adjust between speed of operation and 

maximum transmission distance between 6 individual modes. As default the Loras’ had been 

set at mode 6 which was quoted as being tested at 16km, in this setting it had a packet length 

of 1.02 sec. As this had proved too slow during the initial test, the settings were changed to the 

opposite end of the spectrum, mode 1 which stated a packet length of 55ms. With both Loras’ 

reprogrammed the test was repeated, with a much quicker response. This looked more suited to 

transmitting GPS data at 1Hz.  

 

 

Figure 45 - Lora Mode 
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Figure 46 - Lora & GPS 

 

The next stage of testing required sending actual GPS data, in order to do this a 5V GPS 

receiver was used with a TTL output, this was connected directly to the Lora Rx pin bypassing 

the MAX232, as this would now have to be placed outside a USB connector was added to 

provide 5V from a USB Power bank. An aerial was made using a length of solid core wire, this 

would act as a basic ¼ wave isotropic aerial, and although not adding any gain it would help 

the signal to propagate through the air more effectively.  This was done using the calculation 

below: 

 

𝐶 = 𝑓𝜆 
 

 

Where C is the speed of light, F is frequency and 𝜆 is the wavelength. 

 

3 × 108 = 868 × 106 × 𝜆 
 

𝜆 =  
3 ×108

868×106 = 0.3456m 

 
1

4
𝜆 = 0.086m 
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To back up the calculated length an online wavelength calculator was also used, which 

matched the 8.6cm ¼ wavelength at the Lora’s operating frequency. 

 

 

Figure 47 - Wavelength Calculator       [53] 

 

6.4.1.1. Radiation Hazard  

 

Although the transceivers have a low output power, allowing them to be used without a 

licence, a basic Radiation Hazard (RadHaz) assessment was carried out using an online tool as 

a precaution. The output power from the datasheet was quoted as being able to be set between 

5– 20 dBm, for the assessment the max power of 20 dBm was used, which equates to 100mW 

as shown below. 

 

𝑃𝑑𝐵𝑚 =  10𝑙𝑜𝑔10(𝑃𝑚𝑊) 

 

𝑃𝑚𝑊 = 10
𝑃𝑑𝐵𝑚

10
 

 

This was entered into the tool along with the gain and frequency of the Gamma Lora, and 

returned a safe working distance of 2cm in an uncontrolled environment. With such a low 

distance this should prove fairly easy to mitigate any risk. The details can be seen in Figure 48.  
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[54] 

Figure 48 - Radiation Safety Distance 

 

In order to prove that the Gamma Lora had been set to the maximum power prior to carrying 

out any more function and range tests of the data link, they were connected up to a spectrum 

analyser which would show the actual frequency they were transmitting at, along with the 

output power. A 30dB attenuator was used to protect the input of the spectrum analyser and a 

RG58 cable with an N-type on one end and an SMA connector on the other was used to 

connect to the Lora (an SMA connector was substituted for the wire aerial). Figure 49 and 

Figure 50 show the setup, with the peak frequency centred on 869.5 MHz which is slightly off 

the quoted 868 MHz, the power shows at -11.83dBm which taking into account the 30dBm 

attenuator gives approximately 18dBm, this showed that the Lora was setup correctly, but 

some loss could be being introduced in the connectors and cable, a rule of thumb is 0.5dBm 

each connecting surface.   
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Figure 49 - 30dB Attenuator 

 

 

 

Figure 50 - Spectrum Analyser 

 

The frequency spectrum is fairly good, with no energy lost in sidebands or any spikes from 

harmonics. The fundamental has a sharp point with a steep roll off, showing the tuning for that 

frequency, rather than a wide frequency band. 
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6.4.1.2. Range Test 

 

A GPS receiver was connected up to the transmitter which was left in a fixed location, the 

receiver then travelled away from the transmitter in a vehicle, maintaining a rough line of site; 

the transceivers had been set to mode 1, which displayed the 1Hz GPS data tidily on the 

screen. The achieved distance before the data stopped being received was approximately 4km, 

the specifications hadn’t quoted a maximum distance in mode 1, however mode 6 was quoted 

at 16km. 4km will still be suitable for this application as the 5m pontoons are usually within 

2km of the main platform. One of the issues in carrying out a representative range test in this 

area is maintaining a clear line of site, whilst taking advantage of public roads to make testing 

easier, Figure 52 doesn’t show it clearly, but the terrain in this area is fairly hilly. Another 

potential issue is the fact that this data link will be used at a fairly low height over the water 

when the system is complete (approximately 2.5m), this can introduce additional issues such 

as signal multipathing. Ideally a range test would have been carried out at sea, however there 

weren’t any activities planned where this could have been incorporated, and it wasn’t practical 

in terms of time and cost to go out solely for this activity. 

Figure 51 - Wireless Data Link 
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Figure 52 - Lora Range Test           [39] 

 

 

6.4.2. Lora Test Conclusion  

 

For completeness following the range test, the other Lora modes were tested with a GPS 

receiver connected up to the input of one modem, the following figures show the output from 

the data link. 
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Figure 53 - Mode 2 

 

Mode 2 also proved suitable to transmit 1Hz data, with the time ($GPGGA,162222.987) 

incrementing by one second each transmission. The data is also coming through tidily, with 

one line used per sentence. Mode 3 in Figure 54 also proved suitable, which indicated it may 

be worth carrying out an additional range test using this setting. Another consideration was to 

alter the GPS data rate, as it may be necessary to transmit data at a higher frequency when 

developing the tracking element of the system. 

 

 

Figure 54 - Mode 3 
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Figure 55 - Mode 4 

Figure 55 show the Lora modems operating in mode 4, this is where the performance starts to 

degrade, although the sentences are still being displayed tidily, from looking at the time again 

it can be seen that only 1 message every 2 seconds is being displayed, this must be down to the 

duration of the buffer in this mode, where it’s waiting for more data but missing the next 

sentence.  

  

 

Figure 56 - Mode 5 
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Figure 57 - Mode 6 

 

Figure 56 and Figure 57 show mode 5 and 6 respectively, where the performance degrades 

even further, along with the formatting on the terminal display. 

 

6.5.  GPS 

6.5.1. GPS Test 

 Setup procedure 

 Time To First Fix (TTFF) 

 Positional accuracy 

 Precision  

 

 

In order to prove whether the available GPS receivers meet the manufactures claims in terms 

of accuracy a test basic test procedure has been devised, it will also allow a comparison of the 

precision of the selected receivers. The site at Aberporth has a dedicated surveying team that 

get utilised in the deployment of some equipment along with providing accurate positional 

data ready for various activities, a consequence of this is that there’s a few surveyed trig 

positions on site with highly accurate positional data. This will allow each receiver to be 

placed at the same location and log the GPS position for a period of time. Ideally they would 

be left for 24 hours which could show any trend or degradation in performance when using 
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specific satellites; however this would be problematic in the time it took to get data for the 

selected receivers, along with the amount of data being produced with 1Hz logging: 

60 × 60 × 24 = 86,400 

A period of 1 hour was selected instead, and each receiver would be tested at the same time on 

consecutive days, to ensure fairness in terms of the visible satellites. With the data collected 

each set of data will be plotted in Excel against the known position, this will allow some form 

of analysis to take place, possibly a CEP plot to see if the figure matches the receiver 

specification, or merely some visual annotations such as varying diameter circles around the 

nominal position. These plots will also show the precision of the receivers, or how closely the 

positions are grouped.  

 

 

There are a few different formats for Latitude and Longitude positions, the format used in 

NMEA messages is known as Degrees Decimal Minutes, and looks like this: 

 

5208.3897740,N,00434.2282640,W 

Breaking this down is 52° 08.3897740 minutes of Latitude, and 004° 34.2282640 minutes of 

Longitude. It is known that lines of latitude remain constant from the equator to both poles, 

and lines of longitude get smaller as they near the poles due to the shape of the earth. From this 

fact conventional navigation using charts always referred to 1 minute of latitude to get 

distances, as it is equal to 1 Nautical mile. It’s known that 1Nm is equal to 6076.12 Feet, so the 

distance for each decimal place can be calculated: 

1.0 6076.12 Feet 

0.1 607.612 Feet 

0.01 60.7612 Feet 

0.001 6.07612 Feet 

0.0001 0.60712 Feet 

0.00001 0.06076 Feet 

 

These calculations were checked with the Aberporth Survey department, who also provided 

some figures for Longitude in the Aberporth area. 

Long 
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0.1 = 328.91 feet 

0.01 = 32.89 feet 

0.001 = 3.29 feet 

0.0001 = 0.33 feet 

 

Decimal degrees 

0.1 degrees = 36480 feet 

0.01 degrees = 3648 feet 

0.001 degrees = 364.8 feet 

0.0001 degrees = 36.4 feet 

0.00001 degrees = 3.64 feet 

0.000001 degrees = 0.364 feet 

0.0000001 degrees = 0.0364 feet 

 

The other common format that will be required later is known as Decimal degrees, in order to 

convert Decimal Minutes into Decimal degrees, the minutes part is divided by 60 and added 

onto the original value for degrees. 

08.38977 / 60 = 0.13983 

0.13983 + 52 = 52.13983 

In this format a negative number will indicate either south of the equator or west of the 

Greenwich meridian. 

 

6.5.1.1. Hemisphere  

In order to program the GPS receiver, the RS232 connections were wired to a D-type 

connector, as per the datasheet. It was then connected to a PC running hyper terminal with the 

default baud rate of 9600 used. In order to configure the output strings, proprietary messages 

were typed in the terminal window, followed by enter. 

$JOFF – Turns all messages off. 

$JASC, GPGGA,1 – Set port-A to output GPGGA messages at 1Hz. 

$JSAVE – Saved the current configuration. 
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With the GPS setup, it was placed on the survey stud, and left logging the data for over an 

hour, as per the earlier procedure. The data plot can be seen in Figure 58, logged from 12:00 – 

13:00. 

 

 

 

Figure 58 – Hemisphere 1 Hour Plot 

0.07735 –  0.0771 =  0.00025 

0.00025 ×  6076 =  1.52 𝐹𝑒𝑒𝑡 𝑠𝑝𝑟𝑒𝑎𝑑 𝑖𝑛 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 

0.76025 –  0.7598 =  0.00045 

0.00045 ×  3289 =  1.48 𝐹𝑒𝑒𝑡 𝑠𝑝𝑟𝑒𝑎𝑑 𝑖𝑛 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 

 

(3289 comes from multiplying the survey team figure by 10) 
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Figure 59 - Hemisphere Accuracy 

 

Hemisphere nearest point to trig stud = 0.928m 

 

 

Figure 60 shows the TTFF of the Hemisphere GPS receiver after a long time without switch 

on, at least months. Rather than setting the parameters beforehand, as this would have required 

switching on which may have altered the results, some maths has to be performed to find the 

correct TTFF: there were two strings set to output at 10Hz, 4712 lines of data before a valid 

time and position locked.  

4712 / 2 = 2356 

2356 / 10 = 235.6 seconds 

3.55 minutes 

The calculations tie up with the total time the terminal was connected, in Figure 61. 
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Figure 60 - Hemisphere Very Cold Start 

 

Figure 61 - Hemisphere data log 
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Figure 62 - Hemisphere Hot Start 

From the data available in Figure 62 it shows the Hemisphere only took 18 seconds to acquire 

a position lock, as the sentences were being transmitted at 1Hz. 

The TTFF figure from the hemisphere during the cold start was considerably worse than the 60 

seconds quoted in the datasheet; however this could be down to the long length of time since 

the last switch on. The hot start value was considerably better, and much closer to the quoted 

value of 10 seconds. 

 

6.5.1.2. GlobalSat  

To configure the GlobaSat parameters a specific piece of software was downloaded, 

SIRFDemo allowed direct configuration of the SirfStar chip within the receiver. The 

connection on the receiver was changed to a DB9 connector to allow it to be connected to the 

PC COM port. With this setup the default baud rate was selected on the software, and the 

connect icon clicked. It started streaming out data straight away, in order to configure the 

messages; the receiver was changed to Sirf Protocol, which changed the data from ASCII to 

another format. Changing back to NMEA allowed the different strings to be configured, along 

with the baud rate.  There were several other configurable parameters, however these were left 

for the time being. 
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Figure 63 - SirfDemo Software 

 

 

Figure 64 - GlobalSat 1 hour GPS Plot 
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0.0773 –  0.0771 =  0.0002 

0.0002 ×  6076 =  1.22 𝐹𝑒𝑒𝑡 𝑠𝑝𝑟𝑒𝑎𝑑 𝑖𝑛 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 

0.7596 –  0.7592 =  0.0004 

0.0004 ×  3289 =  1.32 𝐹𝑒𝑒𝑡 𝑠𝑝𝑟𝑒𝑎𝑑 𝑖𝑛 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 

 

 

 

Figure 65 - GlobalSat Accuracy 

 

GlobalSat nearest point to trig stud = 1.19m 
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Figure 66 - GlobalSat Cold Start 

 

 

From Figure 66 it can be seen that the GlobalSat took approximately 77 seconds to achieve a 

position lock, the bottom right shows 87 lines of data minus the 10 lines of settings data the 

GPS output. Figure 67 shows the results from a hot start, with a TTFF of 25 seconds.  

 

 

Figure 67 - GlobalSat Hot Start 
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6.5.1.3. 622R 

 

Prior to setting the 622R parameters a RS232 converter circuit that was built earlier got reused, 

as the GPS outputs TTL data rather than RS232.  Once this was done, it was configured using 

Sky Traq software that came with the receiver. This allowed several parameters to be 

configured such as; NMEA strings and updates, Baud rate, mode of operation (Pedestrian or 

vehicle).  

 

 

 

 

Figure 68 - SkyTraq Software 
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Figure 69 - 622R 1 hour GPS Plot 

0.0783 –  0.0761 =  0.0022 
0.0022 ×  6076 =  13.37 𝐹𝑒𝑒𝑡 𝑠𝑝𝑟𝑒𝑎𝑑 𝑖𝑛 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒  

 

0.7614 –  0.7578 =  0.0036 
0.0046 ×  3289 =  11.84 𝐹𝑒𝑒𝑡 𝑠𝑝𝑟𝑒𝑎𝑑 𝑖𝑛 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 
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Figure 70 - 622R Distance 

 

 

622R nearest point to the trig stud = 0.1m, although looking at the plot Figure 69 there’s such 

a spread of positions that this accuracy can’t be trusted, and it’s where this method of analysis 

shows issues.  

The logged data in Figure 71 shows the initial switch on of the 622R receiver, it’s sending 

NMEA messages out at 1Hz using the internal clock, however a valid time isn’t given until 

11:28:52, when it has found a satellite, 23 seconds after switch on. Figure 72 shows when the 

receiver has acquired three satellites, and it’s able to provide a valid GPS position at 11:29:34. 

This gives a Time to First Fix (TTFF) of 65 Seconds. The hot start was slightly better at 40 

seconds, as can be seen in Figure 73. Both of these figures were fairly decent, although they 

didn’t meet the 25 second average quoted by the manufacturer.  
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Figure 71 - 622R Cold Start 

 

Figure 72 - 622R Cold TTFF 
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Figure 73 - 622R Hot Start 

 

 

6.5.2. GPS test Conclusion 

 

From all the tests carried out on the three GPS receivers, the main figures have been collated in 

Table 7 it can be seen that two of the receivers performed comparably on the whole, with the 

other showing considerably worse performance. The Hemisphere was expected to perform 

better than the other two, although this hasn’t been quite so definitive it has shown the greatest 

accuracy with the nearest position being 3.05ft away from the trig stud. The GlobalSat was 

only slightly worse at 3.9ft which is impressive for the price, it also shows a tighter spread of 

results than the Hemisphere, so it could be said that it has a slightly higher precision. The 

drawback of the GlobalSat as shown in the excel plots, although the final data shows it had a 

tighter spread, the fact that the position was only given to 4 decimal places might have had an 

effect on this, as it only shows 6 distinct points on the plot. The output from the hemisphere 

giving greater resolution, you can see a lot of small fluctuations in the position.  

The 622R shows the worst spread of positions by far, as seen from the excel plot. This has 

thrown a slight anomaly into the results, as using the closest position from the 3600 data points 

collected to give accuracy for each receiver has shown the 622R to be the best, which could be 
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misleading and is why the distance has been highlighted in red. Even with the best TTFF 

values of the three, it can’t outweigh the poor positional results. 

From all the data gathered the MR-350P was selected to be used as the remote GPS receiver, 

although it didn’t quite meet the accuracy of the hemisphere, the difference wasn’t enough to 

offset the huge disparity in terms of cost. It also performed better than the original project 

requirement for positional accuracy, and better than the datasheet stated.    

 

 

Table 7 – GPS Test Summary 

GPS Lat Spread (ft) Lon Spread (ft) Distance (ft) TTFF Warm TTFF Cold 

Hemsiphere 1.52 1.48 3.05 18sec 235sec 

MR-350P 1.22 1.32 3.9 25sec 77sec 

622R 13.37 11.84 0.32 40sec 65sec 

 

 

 

6.5.2.1. Improvements  

 

Prior to conducting these tests it was mentioned that a longer time frame would give a better 

overall view of the three receivers, but wasn’t acted on due to the timescales and processing of 

all the data. Another aim was to give a CEP figure for each receiver; this would undoubtedly 

provide a truer value in terms of accuracy for each receiver compared with the conclusions 

drawn here. This wasn’t possible in the end, as the amount of work to devise a method to 

calculate this figure in excel would have been fairly time consuming for one who wasn’t 

particularly experienced using the program, for this reason it was omitted. Another possible 

improvement would have been using the average figure from the 3600 points, and calculating 

the distance to the trig stud using that. This would have probably been advantageous to the 

receivers giving a tight spread of results, compared with the 622R. One of the reasons this 

wasn’t used in the first place is due to the fact that GPS positions sometimes appear to jump 

about, so a position that was clearly wrong would alter the average value considerably. This 

error could be from a number of factors in the method the receiver uses to calculate the 

position. Some of these were mentioned in the research section such as dilution of precision, 

signal attenuation or multipathing, as the receiver swaps between tracked satellites etc. lastly 
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another test that should have been carried out was a moving test, following a set course such as 

a narrow footpath, the results could then have been overlaid on a satellite image, which may 

have given some additional data to base the GPS selection on. 

 

 

6.6.  Hemisphere Compass 

 

6.6.1. Compass Test Procedure 

 

 Configuring parameters 

 Setting output data messages 

 Accuracy compared with surveyed datum 

 Precision  

 

 

In order to configure the GPS compass it was necessary to solder a 9 way D-type connector 

onto the port-A wires from the wiring diagram, as this was the main port and supported 

RS232. This allowed it to be connected up to a laptop with a DB9 serial connector running 

hyper terminal. From the user manual it was found that the compass was set to a default baud 

rate of 19200, with a few common strings set at 1Hz. The Pinout can be seen in Figure 74. 
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Figure 74 - Compass Pinout 

 

With communications established with the compass, the settings could be altered through 

typing set messages from the datasheet: 

$JBAUD,9600 – Set the port-A baud rate to 9600, the terminal then required reconfiguring. 

$JASC, GPRMC,1 – Set port-A to output GPRMC messages at 1Hz. 

$JASC,PASHR,1 – Set port-A to output PASHR messages (heading, pitch and roll) 1Hz. 

$JSAVE – Saved the current configuration. 

There were a range of other settings that could be altered, but they were left as standard to 

begin with. 

 

In order to test the compass’s performance in terms of accuracy, precision the GPS test 

procedure was replicated, with an hour’s worth of data and a known position, this allowed 

another plot to be created in excel. 
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0.077185 –  0.07682 = 0.000365 

0.000365 ×  6076 = 2.217  𝐹𝑒𝑒𝑡 𝑠𝑝𝑟𝑒𝑎𝑑 𝑖𝑛 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 

0.76004 –  0.7592 = 0.00084 

0.00084 ×  3289 =  2.76 𝐹𝑒𝑒𝑡 𝑠𝑝𝑟𝑒𝑎𝑑 𝑖𝑛 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 
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Figure 75 - Compass distance from trig stud 

 

 

GPS Lat Spread (ft) Lon Spread (ft) Distance (ft) 

Compass 2.22 2.76 1.71 

 

 

 

 

6.7.  Schematic Designs  

6.7.1. Main Unit 

The main circuit centres on the PIC18F24K22; this takes two serial inputs from a GPS 

compass and Lora data modem. The GPS compass data is converted to TTL using the 

MAX232 shown in Figure 76. With the data from the modem being TTL already, no 

processing is necessary. The circuit also includes a 20x4 LCD display that offers some 
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information to the operator without having to connect the serial data lead to a PC. There is that 

option if a PC with a terminal view is available, as more data is displayed compared with the 

LCD. This output from the PIC uses the MAX232, to convert TTL to RS232 for connection to 

a PC. The circuit also includes a basic regulator circuit, to give a steady 5V for all the 

necessary components.  

 

 

Figure 76 - Main Circuit Schematic 
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6.7.2. Remote Unit 

 

There isn’t a great deal of complexity in the electronic circuit for the remote GPS receiver, the 

main parts being a basic voltage regulator circuit that drops the 12V coming from the battery 

to 5V which is required by all the components. The RS232 data from the GPS is converted to 

TTL using the MAX232 converter, before being transmitted through the atmosphere using the 

Gamma Lora transceiver. 

 

Figure 77 - Remote Schematic 

 

 

6.8.  PCB Design  

6.8.1. Main Unit 

The circuit for the main board was redrawn in Easy PC, as this allowed the transfer to a PCB 

design. The PIC that was being used wasn’t available however, so a new component had to be 

drawn. The connectors on the board are for the LCD, two GPS sources and an output for the 

serial monitor. Figure 78 and Figure 79 show the schematic design. 
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Figure 78 - Main Board Easy Pc 

 

Figure 79 – Magnified Schematic  
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Figure 80 –PCB All layers 

 

 

Figure 81 – PCB Top Silk & Copper 
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Figure 82 – PCB Bottom Silk & Copper 

 

 

Figure 83 – PCB 3D View Top 
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Figure 84 – PCB 3D View Underside 

 

 

6.8.2. Remote Unit  

 

The schematic was modified slightly in Easy PC prior to making the PCB, as some 

components wouldn’t actually be on the board, so connectors were used in their place. This is 

shown in Figure 85 and a larger version in Figure 86. 

 

 

Figure 85 - Easy PC Remote Schematic 

 



Major Project  April 26
th

 2018  

118 

 

 
 

 

 

 

 

 

 

 
 

Figure 87 Remote Top Silk 

 

Figure 86 -Magnified Easy PC Schematic 
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Figure 88 - Remote Top & Bottom Silk 

 

 

 

Figure 89 - Remote 3D View 
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Figure 90 - Remote Underside 3D View 

 

6.8.3. PCB Design Conclusion  

Although a PCB wasn’t actually created for this project, it is generally cost effective to go 

down this route when multiples of the same board are required. Easy PC proved to be a good 

and user friendly software package, once the basics were mastered. It allows for components to 

be positioned logically in terms of the different Nets and voltages, along with the aesthetics of 

the board, which can be viewed in 3D. 

 

 

6.9.  Mechanical Elements  

6.9.1. Main Enclosure  

A fairly large Aluminium housing was found in the stores at work that looked suitable to fit 

the main circuit in, along with allowing for an internal battery, keeping it self-contained. This 

was primarily for ease of display as part of the major project; a different solution would 

probably be used for a final design. Due to the enclosure being metal, a hole was cut along 

with a nylon cover turned on a lathe by a colleague, to allow the modem aerial to protrude. 

 

Length Width Height IP Rating Material Temperature 

230 200 110 66 Aluminum  -40 + 100°C 
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Figure 91 - Main Enclosure 

 

 

 

6.9.2. Remote Enclosure  

 

 After extensive searches online for a suitable enclosure that could house the GPS receiver, 

transceiver and a small 5V Power bank for the purposes of demonstration, and to keep the unit 

self-contained. In order to fit these components the enclosure was going to have to be fairly 

large, with a lot of space wasted. The requirement was revaluated and the battery left as an 

external component, as it would be in the final application.  

The enclosure selected was the PC F 65 G from piccolo, as it allowed the data modem and 

antenna to be housed inside, which would prevent any water ingress. The GPS was then fixed 

on top of the housing, with a hole to allow mounting and cable entry, flowable silicon was 

used to maintain the seal. 

 

Length Width Height IP Rating Material Temperature 

230 80 65 66/67 Polycarbonate  -40 + 80°C 
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[55] 

Figure 92 - Piccolo Enclosure 

 

  

6.10.  Power  

Requirements of the different components in both units have been ascertained from the 

datasheets. 

Remote Unit: 

 

MR-350- 80mA 

Gamma Lora – 150mA when transmitting 

- 20mA when receiving/ standby 

 

Based on the modem transmitting 50% of the time, an average value of 85mA was used, along 

with 80mA for the GPS gives 165mA. Using a 10,400mAh Li-ion Power bank this would give 

approximately 63 Hours runtime. 

Main Unit: 

 

Compass – 0.36A 

Main Circuit including receiving modem – 50mA 

 

0.41A total  

Using a 7.5Ah lead acid battery not running it below 50% to preserve the battery, would give 

an approximate runtime of 9 hours.  
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6.11.  Software  

The CCS C compiler from microchip was used for the software development of this project, as 

it linked in with the Proteus software easily, allowing the design to be simulated after any 

software changes. This was a tremendous help during the development. It also allowed lots of 

parameters to be configured initially, which created a .hex file for the program, reducing the 

amount that had to be included in the .c file. 

The flow diagram Figure 93 was created for the main loop of the program, to help the reader 

visualise the operation of the program. The actual code will be shown and discussed further in 

Figure 94. 

 

Figure 93 - Main loop Operation 
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In order to be able to handle the incoming GPS data on both serial ports, the main loop has 

been kept fairly basic, but calls on several interrupt routines. The Program begins by printing a 

message to the serial port, followed by a 3 second delay to allow the receivers to settle after 

switch on. The KBHIT C function is used to catch the incoming data on both ports, it then 

drops into separate functions to store the data in the corresponding string. Once both strings 

are complete, they’ll flag up, allowing the next section to run. This involves checking the 

received data to ensure they’re both GPRMC sentences and parsing to get the Latitude and 

Longitude, from both strings. If everything functions correctly and the required data is 

available, the CALCS function is called which performs the data conversions and 

mathematics, in order to give the range and bearing between the two points as the output. This 

can be seen in Figure 94. 

 

 

Figure 94 - Main Loop 
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A flow diagram has also been created for the Port 1 Char function; this can be seen in Figure 

95 and is identical to the Port 2 Char function. 

 

 

Figure 95 - Port 1 Char Operation 

 

The port1char function was built to catch each character as it came through the serial port, and 

place them in a new string called port1mes. It does this until either a carriage return or line 

feed is encountered, which would indicate the end of the NMEA string. Once the string is 

complete it’s terminated with a zero, and a flag is raised to highlight this. 
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Figure 96 – Port1char Function 

With a flag raised for both strings the check string function is used to make sure the data is of 

the correct format, a GPRMC sentence. This returns answer = 1 if they’re both correct. 

 

 

 

Figure 97 – check_string Function 

A flow diagram for the remainder of the program can be seen in Figure 98, this concerns the 

parsing of the NMEA data, followed by the calculations. 
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Figure 98 - Calculations Operation 

 

With a basic overview from the flow diagram, the actual code can be seen in Figure 99 and 

Figure 101. It starts by extracting the Latitude and Longitude values for both strings, this 

section for parsing the data was modified from code available on edaboard.com, posted by 

J.Devarayanadurga [56]. The variables were then changed to fit with the program. Once the 

required data has been extracted, the CHARConv function is run prior to the calculations. 
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Figure 99 - Parsing 

The char converter function was added later on, as a method to convert the saved strings from 

characters into an actual number in order to use in mathematical equations. There is a C 

function that does this called ATOF, however this was found to introduce rounding errors in 

the data. In order to minimise this, each character was converted to the corresponding ASCII 

number, and then multiplied by the position value, e.g. tens, hundreds etc. with this done the 

number was multiplied by a larger number in order to move the full number into an integer, 

rather than using floating point maths. There are two separate routines for Lat and Long shown 

in Figure 100, this was down to the different format the two values take.   
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Figure 100 - Char Conv Function 

 

Another flow diagram was created for the calculations section; this is shown in Figure 98. The 

actual code can be seen in Figure 101 which shows the process of converting the GPS format 

from Degrees decimal minutes, into decimal degrees. They were then converted into radians 

before being used in the Haversine & Bearing equations. These equations came from the 

movable website, as has been mentioned earlier in the document [49]. With values calculated, 

these are now converted into km for the distance, and back to degrees for the bearing. The last 

stage is to modify to the bearing from -180° to 180°, to 0°-360° to replicate a normal compass 

bearing. Some duplication in the maths have been omitted, due to them being performed on the 

data from both GPS strings.  
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Figure 101 – Software Calculations 
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6.12. Cost List 

A summary of all the components and associated costs has been created, as if this system was 

going to be manufactured again. In reality not all the components had to be purchased, due to 

availability in work stores, and borrowing items such as the GPS Compass. 

 

 

Item Part No QTY Supplier Min QTY Cost Total 

Hemisphere Compass V103 1 Saderet 1 £2,699 £2,699 

Lora Transceiver  868 2 RF Solutions 1 £17.54 £35.08 

MAX232 195-1195 2 RS 1 £1.07 £2.14 

Stripboard 292-6881 1 RS 1 £8.34 £8.34 

PIC 715-4429 1 RS 1 £1.77 £1.77 

Remote Enclosure PC F 65 G 1 Time.eu  1 £13.27 £13.27 

Main Enclosure 501-856 1 RS 1 £111.36 £111.36 

Battery 597-835 1 RS 1 £20.2 £20.2 

1uF Capacitor 684-4398 10 RS 5 £1.15 £11.5 

NMV1205 544-3294 1 RS 1 £5.72 £5.72 

Fuse holder 563-756 2 RS 25 £0.346 £0.70 

Cable Gland 389-577 3 RS 10 £1.02 £3.02 

HE14 4way Header 531-970 3 RS 10 £0.535 £1.60 

HE14 4way Socket 532-349 3 RS 10 £0.305 £0.92 

HE14 pins 682-7038 40 RS 100 £0.109 £4.36 

Aluminium sheet   M.Pearce 1 £5 £5 

4 core cable 660-4046 4 RS 100m £44.29 £0.5 

GlobalSat MR-350 1 Amazon 1 £40 £40 

4 Pin panel mount  395-484 1 RS 1 £6.16 £6.16 

4 Pin Cable Mount 540-1896 1 RS 1 £7.45 £7.45 

7805 Voltage Reg 843-1566 1 RS 1 £0.54 £0.54 

Female db9 544-3749 1 RS 5 £0.55 £0.55 

HE14 12way Header 532-030 1 RS 10 £1.147 £1.147 

HE14 12way Socket 532-399 1 RS 10 £0.858 £0.858 

HE14 3way Header 532-333 1 RS 10 £0.24 £0.24 

HE14 3way Socket 531-970 1 RS 10 £0.54 £0.54 

20x4 LCD  1 Ebay 1 £6.59 £6.59 

Switch  440-6979 2 RS 1 £1.86 £3.72 

D-type shell 484-789 1 RS 1 £0.89 £0.89 

Single core wire   RS  £0.  

2.2uF Cap 414-9159 2 RS 25 £0.076 £0.16 

TOTAL = £2,993 
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7. Final Build, Testing & Analysis 

 

7.1.  Power supply 

The performance of the NMV1205 was compared with that of a 7805 linear regulator, prior to 

its use in the design. Using a DC/DC rather than a linear regulator does offer some 

improvements in terms of efficiency, due to the different conversion process, this is quoted as 

79% on the NMV1205 datasheet.  The results can be seen Figure 102 where an input voltage 

of 13.5V returns an output of 7.21V, this is considerably higher than the specified 5V, but it is 

fairly common for DC/DC converters to output a higher voltage offload. From the results and 

graph it can be seen that the relationship between Vout and Vin is fairly linear in its decline. 

 

Figure 102 - NMV1205 Offload Vout 

The test was repeated with a resistive load to ground, to see how the performance changed. 

This can be seen in Figure 103 where the initial voltage is much closer to the quoted 5V. The 

relationship between the two is still fairly linear, with slightly smaller drops in the output 

voltage as the input is reduced. Down to about 11V the output should still suffice to power the 

components lower than that it may become unusable. There’s a slight discrepancy at 10V 

where the output has increased compared with 10.5V.   
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 Figure 103 - NMV1205 On load 

The same test was repeated with a 7805 on load, it’s immediately apparent from the shape of 

the graph that this works in a different manner. It’s able to maintain an output voltage close to 

5V for a range of inputs, 13.5 – 6.5 in this test. Below that the output starts to decline, until 

below 4V where the output drops to zero. This is fairly impressive, although possibly 

unnecessary for this application. If the lead acid battery has dropped this low, it may not 

recover with charging. Another drawback of a linear regulator is the heat they produce; this is 

down to the inefficiency in the conversion process, which wastes the excess energy as heat. 

For this reason it’s common to use a heat sink with these components.    

 

Figure 104 - 7805 on Load 
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7.2.  Software Calculations   

 

 

 

Figure 105 - ATOF Errors 

 

 

Whilst writing the code to perform the mathematical calculations using the two GPS positions 

it was noticed that there were some errors when converting between data types, and additional 

rounding errors. As an example in Figure 105 GPS1 latitude = 5209.5938 is the original 

NMEA data saved as a character string, it’s then converted to a floating point variable which 

shows 5209.59392, this works out as 0.73Ft in distance. In order to use the Haversine formula 

and the bearing formula, the data was converted into degrees decimal, and then into radians as 

trigonometric functions were required. For the first conversion the degree value is extracted, 

leaving the decimal minutes. With these two separated, the degrees decimal can be calculated 

by dividing the minutes by 60. These values are shown under GPS1 Lon Float in Figure 105, it 

can be seen that the minutes value is also slightly different than the original data, splitting the 

calculations into a longer sequence still didn’t recreate the original value.  With slight errors at 

each calculation they were likely to accumulate by the time the Haversine formula was 
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actually used, as can be seen from the value in radians, GPS1 Lat RAD in Figure 106. The 

expected values can be seen in the excel print screen in Figure 107. 

    

 

Figure 106 - Radians Error 

 

 

Figure 107 - Radians Calculation 

 

 
 

After consulting the CCS help file it was found that CCS didn’t support the data type double, 

which is usually used with the ATOF function, instead it was limited to a float32. To prove 

this was causing the issues some tests were carried out using a different C development 

package, and a basic .exe program. This performed the ATOF function correctly as standard, 

but changing the data type to a float showed similar results to the CCS issue. 
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In order to overcome this issue a separate function was written to convert the original numbers 

into whole values, and then perform the initial data conversions and calculations using integer 

values, and then convert back to a float later on. 

Figure 108 shows that sometimes the error varied depending on the input, having either a 

lesser or greater effect. 

 

 
 

 

Figure 108 - Additional ATOF Errors 
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Figure 109 - Distance Error 

 

 

Following the changes to the code described earlier, the new output can be seen in Figure 110. 

From looking at Figure 111 it shows this has reduced the range error down to 120m for this 

example; this is down from almost 1km in earlier tests. 

Even with the earlier range errors the bearing was always pretty accurate, which was the main 

requirement. However if the product was going to be continued on to the final specification, 

accurate distances would be helpful. 
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Figure 110 - Modified ATOF 

 

 

 

Figure 111 - Correct Range 

 

 

 

 

 

 

 

7.3. Remote unit  

 

The circuit for the remote unit was built tidily on Strip board, with a few changes from the 

prototype. The circuit was tested at a couple of stages prior to connecting the GPS receiver and 

modem, so as not to damage them. Figure 112 shows the 5V output from the dc/dc that would 

power all the components; the scope was set to 1V per division, with 1ms time base it can be 

seen the voltage is steady, with a tiny amount of ripple.   
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Figure 112 - NMV1205 Output 

 

Figure 113 and Figure 114 show some initial testing of the data coming from the GPS into the 

MAX232, the Bi-polar data can be seen on the scope prior to being converted. 

 

Figure 113 - MAX232 input 

 

 

Figure 114 - RS232 GPS data 
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Figure 115 - TTL Output 

 

 

7.3.1. Power Consumption  

Some additional tests were carried out to see the current draw of the unit, as this fluctuated 

between standby and transmission an approximate average value was used. A value of 50mA 

and 90mA can be seen in the two states, Figure 96 and Figure 117. As the data is transmitted 

regularly at 1Hz, a current draw of 70mA was recorded. 

 

 

 

 

Figure 116 - Current draw standby 
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Figure 117 - Current during transmission 

 

 

Figure 118 - Completed Remote Unit 
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7.4.  Main Unit 

 

Initially the circuit was built on a breadboard for ease of prototyping, prior to the final 

assembly. The basic circuit can be seen in Figure 119 with the TTL GPS used in earlier tests 

used. At this stage the main aim was to check the PIC operation with the other components 

such as the LCD and GPS inputs. 

 

 

Figure 119 - Breadboard Circuit 

Initially there were a few issues, something that took far too long to diagnose was no output on 

the LCD. Eventually it was noticed that monitoring the R/W pin on the PIC during start up 

allowed the LCD to initialise correctly, and display some words. Looking at several LCD 

circuits online it looked like tying the LCD R/W pin to ground should be ok, as data was only 

being written to the screen; however this proved not to work. Some further attempts using pull 

up and pull down resistors were tested in the hope that the scope was allowing a better path to 

ground. 

Finally the PIC was moved further down the breadboard; with the connections rechecked this 

solved the issue. This possible loose connection still doesn’t entirely make sense, as the 

voltage level could be observed changing on the LCD, which suggested a decent contact.   

In order to prove correct operation of the PIC it required good GPRMC strings. This involved 

taking all the equipment outside to get a decent satellite fix, after some tense moments the 
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LCD began displaying data. As the two GPS receivers were so close this wasn’t accurate, but 

it did prove the operation.  

 

Figure 120 - Prototype Setup 

 

The data being sent from the PIC can be seen in Figure 121, initially there appears to be some 

corrupt data however this soon stops with good strings being captured in the next instance. 

Throughout the messages there does appear to be a few rouge characters at the end of the 

sentences, but they don’t appear to be corrupting the actual messages. These rouge characters 

can also be seen at the end of the messages on the LCD. 

 

 

Following the succesful prototype testing the circuit was rebuilt on stripbaord, to ensure no 

connections came loose in transit. It was also fitted in the selected enclosure for display 

purposes at the final viva, this can be seen in  Figure 122 and Figure 123. 
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Figure 121 - Serial Output 

 

 

Figure 122 - Completed Circuit 
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Figure 123 - Competed Unit 

 

 

Figure 124 - Completed System 
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7.5.  Real World Testing 

 

The plan for the testing was to print out an A3 image of a compass; this would be aligned with 

true north using the output from the GPS compass. The main unit would be placed on the 

compass, whilst the remote unit was taken through 360° around the main unit, at a reasonable 

distance to avoid any errors. If the system was working correctly the bearing should match up 

with the printed compass, and travel through 360°. 

 

7.5.1. Test 1 

The two units were placed at either end of a yard in work; a second GPS compass was used to 

point between them as best as possible, the bearing can be seen in Figure 125 the first value 

after the time in the PASHR sentence, 26.84° true. Figure 126 shows the serial output from the 

main unit, the bearing at the bottom being 23.84°. The actual setup can be seen in Figure 127 

and the two following images; the remote unit is slightly higher than the two tyres, viewed 

through the stepladder.  

 

Figure 125 – Test 1 Compass bearing 
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Figure 126 – Test 1 Serial Output 

 

Figure 128 shows an enlarged version of the remote units’ position, and Figure 129 the data 

displayed on the main unit LCD.  

A short period of time may have elapsed between the hyper terminal screenshots and the 

photographs being taken, as the serial output and LCD screen do display the same data. It’s 

possible that as one of the GPS receivers has recalculated its position, it has created a slight 

change in the bearing.  

Even with this slight discrepancy and rudimentary test, it does show that the system is 

matching up fairly well with the output from the GPS compass. 
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Figure 127 – Test 1 Setup 

 

 

Figure 128 – Enlarged Remote Position 

 

Figure 129 – Test 1 LCD Display 
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7.5.2. Test 2 

The remote unit was re positioned, and the test repeated. Figure 130 shows the compass 

bearing between them; Figure 131 shows the alignment of the compass, and Figure 132 the 

output from the LCD screen. Again this test is only done by eye, but the results tie in fairly 

well. 

 

 

Figure 130 – Test 2 Compass Bearing 

 

 

Figure 131 – Test 2 remote Position  

 
 

 

 

Figure 132 –Test 2 LCD 
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7.5.3. Test 3  

The third test was a moving test along the lines of the test plan at the start of the section. 

Conditions were awkward with windy conditions (piece of paper blew away), and time 

constraints due to the assistant having to leave.  Initially the plan was to conduct this in a large 

open space, however due to the issues the baseline was shrunk quite a lot, the assistant carried 

the remote unit in a rough circle around the main unit at a radius of 4/5 metres. The data from 

the main unit was recorded and can be seen in the appendix. As expected it does show the 

change of bearing throughout, and a video was also made to try and capture the test. Because 

of the short baseline and the quick walking pace the incremental change in the bearing at each 

update is fairly large. This is to be expected when using a 1hz update and such a small 

baseline, a larger area would have been an improvement. 

 

 

 

7.5.4. Test 4  

Additional stationary test shown in the following three figures. 

 

 

 

Figure 133 – Remote Unit behind Trailer 
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Figure 134 –Test 4 Output 

 

Figure 135 – Test 4 LCD 

7.5.5. Test Analysis  

 

Although the testing wasn’t carried out to the standard that had been hoped, it was helpful in 

showing the system operating as expected. The day before had been torrential rain, so to get 

any functional tests done was a bonus. From the various test images included it can be seen 

that the system and GPS compass concur on the bearing within a couple of degrees for the 

stationary tests. An obvious error from the test perspective is the alignment of the actual 

compass, as it’s done by eye. 

With more time the original test plan may be achieved, along with testing how slow the remote 

unit has to move at varying distances to show the bearing incrementing by one degree, this 

would be useful in ascertaining whether the system would be suitable to track a moving object 

in the future, or whether a higher GPS data rate is required, possibly that the system won’t be 

suitable for this. 

Another issue that was picked up during the simulation and still remains in the physical build 

is the distance calculation not showing anything below 1km. it would have been good to 

separate the two units by more than 1km to prove it was working to some degree, however this 
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wasn’t achievable with resources and the tight timescale. The Haversine formula is definitely 

something that can be revisited, along with the code.  

Something that has shown up in testing is the rouge characters that can be seen both at the end 

of the LCD screen, and the serial data. These were never seen during the simulation so it 

doesn’t appear to be a coding issue entirely. The fact that they don’t appear to be corrupting 

the actual data makes it slightly less of an issue though.  
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8. Evaluation 

 

There were several aims and objectives highlighted at the start of this report, whilst a great 

deal of them have been covered there are a couple of major objectives that weren’t met due to 

the time constraints.  

Investigation of GPS technology. 

A vast amount of time was spent researching GPS technology, how a position can be 

calculated, and different components within the system, from the satellite network down to the 

receiver that picks up these signals. It was also necessary to carry out research into how the 

positional information is displayed to the user, focusing particularly on the accuracy. 

With a reasonable understanding of the surrounding technology, and from carrying out market 

research into both tracking camera systems and different receivers, the hypothesis was that 

with sufficiently accurate GPS receivers a tracking camera solution would be possible.  

Investigation into wireless data transmission. 

A key requirement for this to work was the transmission of the positional data from one object 

back to the main unit, to maintain practicality wireless transmission was selected for this. After 

some brief research into the various wireless transmission methods RF was selected as the 

preferred option. This had several benefits over the alternatives for this application, cost and 

versatility being two major ones. 

Obtaining positional information for the object. 

There was lots of testing of the various components prior to the final build, in order to 

ascertain their performance and suitability early on in the design process. This included a 

selection of GPS receivers, the data link selected, along with the GPS Compass. Following the 

results of the tests the best GPS receiver was selected, along with proving the suitability of the 

other components. The system was simulated throughout, in order to develop the code, and to 

prove its overall operation prior to building it. 

Transmission of the objects positional data back to the base (camera location). 

Processing the data and calculating the difference between the two positions. 

Build the system. 
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Highlight areas for future work and development. 

The first section of the system was completed satisfactorily, with the system calculating the 

bearing between the two units. There were some issues with the distance calculation not 

working below 1km which was a slight issue; however the distance measurement wasn’t as 

crucial as the bearing, which proved to be accurate during the initial tests. Further testing of 

the system was planned, however time constraints and weather conditions prevented these 

being completed by the report deadline, however the plan is to complete these prior to the final 

viva.   

 

Processing the data and enabling the camera to adjust its position, to locate target. 

Ascertain if tracking a stationary object is possible with the system. 

Investigate whether tracking a slow moving object is possible with the system. 

Investigate whether tracking a fast moving object is possible with the system 

The final objectives weren’t competed due to the lack of a physical output such as a PTZ 

camera, or servo. So the system couldn’t be analysed in terms of tracking an object. This is a 

big drawback to the project outcome; however it does leave the opportunity for additional 

development in the future.   

 

If this project were to be completed again it’s difficult to say whether a different approach 

should have been taken. The system so far is on the right track to meeting the original 

requirements, but without the last crucial elements it’s hard to evaluate its effectiveness. Some 

changes that could have improved the process would be to select a method that didn’t rely so 

heavily on software, when this was a particular weakness. 
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9. Conclusion 

 

This project has a fair selection of both successes and failures, on a positive note a working 

system has been designed and built following extensive research into the pertinent areas. The 

drawback of the finished product being that it wasn’t possible to fully meet the original 

specification, and include a servo/ PTZ camera output. 

The research stage allowed a vast improvement in the authors understanding of GPS 

technology, which proved enlightening at the expense of some of the other research areas. That 

being said the research was sufficient in giving enough information to design a system that 

utilises several different technologies, from GPS, wireless transmission, serial data transfer, a 

microcontroller element, along with some maths. 

There was a reasonable amount of electronic design for the system, both during the initial 

component tests, and going towards the final system. The section on testing the GPS receivers 

was particularly informative, in comparing figures for accuracy that get quoted on receiver 

datasheets, to actual logged data. This was a time consuming process however, and to analyse 

the performance to a greater degree would have taken a great deal more time.   

The biggest learning curve within this project has been the software development, which took 

an inordinate amount of time to get to a working solution. There’s plenty of room for 

improvement within the software, and additional features that would have been good, however 

weren’t achievable due to the delays in the development. 

Some improvements for the project are listed below. 

  

9.1.  Future improvements  

9.1.1. Software  

There were several improvements that could be made to this design, the software functions but 

not optimally. If the project was progressed to meet the original specification, a redesign may 

be necessary. This became apparent when the PASHR data was extracted along with the 

GPRMC. This would have been required as part of the output, giving the camera system / 

servo a reference point. Having to deal with the additional string from the compass caused 



Major Project  April 26
th

 2018  

156 

 

problems with the code, due to the extra requirements. These problems were only picked up on 

late in the project, when physical GPS devices were used with the Proteus simulation, rather 

than relying on the virtual models offered in Proteus. In hindsight earlier testing of the code 

with real world components would have been a better plan.  

A greater knowledge and understanding of C programming from the outset could have sped up 

the software development greatly, allowing some of the additional features to be developed at 

the same time. 

 

9.1.2. Camera Position Output 

At present the system doesn’t have the final stage, which was driving a servo / Pan tilt unit to 

look at the target, based on the calculated bearing. This is quite a pitfall, as it was a major part 

of the design. The plan is to further develop this, which would allow more functional testing of 

the system, with the aim of making it fit for purpose. 

With a working camera output, the idea was to use the distance calculated between the two 

GPS points to adjust some of the camera parameters, e.g. if the distance was less than 0.5km 

then the zoom setting could have been adjusted slightly, narrowing the FOV. If the distance 

was between 0.5 – 1km then the FOV could be tightened again etc.  

Another improvement would have been to use the rate of change in the bearing to adjust the 

pan speed of the camera; this would have been developed to work with moving targets of 

varying speeds. 

 

9.1.3. MCU Upgrade 

Perhaps a PIC microcontroller wasn’t the best option for this application, this is only 

mentioned due to the issues when converting between data types, e.g. characters to floating 

point numbers, which has been discussed, this introduced errors due to CCS /PIC not 

supporting the data type double. This poses a problem when the aim was to make the system as 

accurate as possible, these small errors all add up. 

Another issue was the program memory size; this was picked up on too late to swap to another 

PIC, so some of the print lines had to be removed from the serial output. This doesn’t affect 

the output, however they were a ‘nice to have’ when viewing the conversion process. 
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9.1.4. Further Mathematics Work  

 

Using the Haversine formula the smallest distance that could be represented using the excel 

spreadsheet was 100m, ideally this would have been modified to show smaller distances as 

well. When this was converted into C code on the PIC, and using physical GPS inputs the 

smallest distance that would show up was 1km, it wasn’t conclusively proved whether this was 

down to rounding errors, or issues with the maths itself. At greater baselines the distance error 

reduced. 

There was another equation that could have been used for this application, rather than using a 

great circle distance, the maths could have been based on a flat earth model due to the 

distances we were interested in being sub 5km. from research this model would have been 

suitable for distances sub 20km, where the curvature of the earth starts to have an effect. 
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10. Reflection  

 

The aim of this project was to develop a tracking camera system that could be used as part of a 

trial deliverable in the workplace; if successful it could have improved the customer offering 

from the department, along with reducing staff workload. I had a vision of how the final 

system would operate, and believed if I had the necessary skills it could be a useful piece of 

equipment, rather than something to merely meet the degree project requirements. I was aware 

from the outset that this would be a challenging project, and at the core of the system would be 

the software. I had a very basic knowledge of programming from previous courses, but it was 

not something I did either in work or as a hobby. When the project was selected I wrongly 

assumed that we’d be covering C programming in one of the University modules, however a 

couple of months down the line I found out this was a misunderstanding, which made the 

programming task even more daunting. 

During the research phase I spent a considerable amount of time researching GPS technology, 

possibly concentrating on it too much. It’s such a vast subject and very interesting, once you 

delve into it, you discover other elements and try and expand on those, ‘opening a can of 

worms’ as it were, I think where I may have fallen down slightly is trying to give an overview 

of the technology as a whole, and become slightly overwhelmed with it. It was only after a 

discussion with the lecturer that I took a step back and realised that although interesting, a lot 

of information was superfluous for the function of the project.    

The software stage was initially plagued with delays; both in terms of overcoming problems 

setting up the software design suite, and then once those were overcome the steep learning 

curve of trying to develop the code.   

Overall apart from being overly ambitious on my expectations for the project from the outset, I 

believe there are positives to take from it. It has involved lots of stress and headaches along the 

way, but has given me the opportunity to develop both my academic skills, along with 

practical elements of design, along with vast improvements in my knowledge and 

understanding of writing software (although still not enough). These challenges have allowed 

me to develop as a person, in trying to overcome them, along with drawing on my knowledge 

gained from the course and the workplace. I think I think I’ll look back on the experience 

favourably with time, as it’s taught many lessons along the way. Not meeting my initial goal 
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was regrettable, but the fact that the finished system was built to a decent standard, and the 

main part works well feels like a good achievement. 
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