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This report will discuss the basic details of the final project. The aim of this report is to make it more clear what the project entails, and to show that there is enough within the project that is can be used as the final one.
The project as a whole will be explained to make it clear to the reader what is being discussed, and then looking at basic research on the types of sensors that will be used and equipment that can be used for this project.
The research strategies that will be undertaken and a gant chart will also be included in this report to show the timescales that will be aimed for.
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The proposed project would be to design a sequence involving lock gates at a harbour. C&P Engineering has had an inquiry to automate the sequence of the ships entering and leaving the harbour. At the moment the sequence is controlled manually. The complete project itself would be too big for just myself, so I have been given the task to research the different types of sensors/vision systems that can be used for this particular sequence. The sequence would involve; 
· Detect ships approaching the dock gates.
· Determine whether we have a large or small ship.
· Measure water level of the harbour/open sea and adjust dock water level to suit.
· Ensure the ship has fully entered the dock before closing the gate.

The research would be based on the numerous different sensors, vision systems, CCTV systems that can be used as detection systems. AI software could also be used for ship detection/recognition too. The types of sensors that can be used for this type of software is endless, with new research being conducted for new types of sensors. The project will be going through each sensor and explaining how it works, and what the pros and cons of using them in this type of environment would be.
Real time testing will be conducted by getting hold of a few of the sensors and testing them against different materials and how certain aspects of the environment could effect how the sensor works.
A PLC software will be designed using siemens s7 to simulate the type of software that would be used for this project. There are PLC standards and regulations that must be followed, that I will also be doing research in to and explaining what is required.
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The project proposed will be done by using phase implementation. The customer has come to C&P Engineering and asked for a basic but remote operation of the lock gates.
Phase 1 – To implement the remote operation of the harbour, that would allow vessels (large or small) to travel from the dock to open sea and vice versa, through a series of lock gates enabling travel irrespective of tidal conditions.
The simplest solution is to install a sufficient number of CCTV cameras, connected via internet to a remote location where a single operator can then manage and control the dock gates. This solution would be pretty basic and easy to install, and would meet the needs of the clients. The remote location could be anywhere in the world and an operator of sufficient training could operate numerous harbours from one location.
The remote operation can then be done by using HMI touch screen pushbuttons and limit switches that would detect if the lock gates have closed fully etc.

The second phase of the project would be to fully automate the harbour, with remote human supervision. This would be a real challenge, but it is the ideal opportunity for the harbour to prepare for the next phase, and enables proof of concept of the automation to be implemented.
The challenge would be to replace a human being who has been trained to safely operate the harbour. 
The need would be to fully understand what senses and predictive/conditional things that a human takes on board, that allows them to operate the harbour efficiently, safely, effectively and reliably.
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This project has been split in to certain parts to spread the workload. This project will be looking at the different sensors that can be used to detect vessels ranging in size in an effective way.
There are no sensors currently on the market designed for this type of use, so the research will be concentrating on picking the most suitable sensors on the market and trialling them in similar conditions and for similar purposes. As there is nothing on the market currently, this gives a good opportunity for trial and error, and maybe modify some sensors so that they would meet the needs of the client and market.
The challenge in this project is to safely get a ship through the dock gates safely, and to safely implement the water level rate while a ship is in the mid-section of the harbour, so that the harbour fills at a faster rate with a bigger vessel and a slower rate with a smaller vessel.
There are numerous sensors and vision systems on the market that can be trialled and tested, and thought will have to go in to sensors on the gates, underwater and on the surface to safely produce this sequence.
A PLC programme will be made including these sensors to prove that the sequence of events would work efficiently and effectively.
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The main part of the project will be looking at all the different types of sensors that are available to use for this type of system. There is a vast range of choices that can be used and also new equipment being tried and tested. To name a few;
Radar Detection – Radar uses radio waves to determine rang, angle or velocity of objects. It can be used for a variety of different object detection such as aircraft, ships, spacecraft etc. [1]
“A radar system consists of a transmitter producing electromagnetic waves in the radio or microwaves domain, a transmitting antenna, a receiving antenna (often the same antenna is used for transmitting and receiving) and a receiver and processor to determine properties of the object(s).” [1]
Radio waves from the transmitter reflect off the object and return to the reciever, giving information about the object. [1]
[image: Image result for radar sensor][footnoteRef:1] [1:  ] 

LIDAR Detection - LIDAR detection or laser detection is a device that is designed to detect infrared emissions. These are most commonly used by law enforcement agencies, but they do have their limitations. Because of the laser being used, it is most accurate while it is static, as any movement can give stray readings. [2]
“Other restrictions include a precipitation free environment, as the laser can produce erratic readings from airborne moisture or smoke.” [2]
This is something we will have to take into consideration because of the atmospheres these would be used in. Even though we wouldn’t need the type of information that is being mentioned as we wouldn’t be interested in speed of the ship etc. [2]



Infrared Detection – Infrared detectors detect radiation in the infrared portion of the electromagnetic spectrum. [3]
“Because all objects above absolute zero emit radiation in the infrared part of the electromagnetic spectrum, infrared detection provides a means of "seeing in the dark"—that is, forming images when light in the visible portion of the spectrum (>4.3 × 1014 to 7.5 × 1014 Hz) is scarce or absent.” [3]
There are two main types of IR detection systems, thermal and photonic. The thermal effects are followed through temperature phenomena. It detects the changes in resistance, thermocouples and thermopiles use the thermoelectric effect. [3] [4]
In photonic detectors;
“Incident IR photons can cause electronic excitations. In photoconductive detectors, the resistivity of the detector element is monitored. Photovoltaic detectors contain a p-n junction on which photoelectric current appears upon illumination” [4]
[image: Image result for infrared sensor][footnoteRef:2] [2:  ] 


Proximity Sensors – A proximity sensor is a non contact detection device. They convert information on the presence of an object into an electrical signal. There are three types of detection systems that do this; [5]
“Systems that use the eddy currents that are generated in metallic sensing objects by electromagnetic induction, systems that detect changes in electrical capacity when approaching the sensing object, and systems that use magnets and reed switches.” [5]
There are many different types of proximity sensors on the market, with the vast range to choose from, testing the sensors in similar environments that we would be looking at would be crucial if we go down that route.
Sonar Detection – Sonar works by emitting sound pulses. And measuring how long it takes the echos to return. This would be best for underwater, and is used most commonly in submarines. It can also detect the depth of the water too, which could help us with the control of how much water we need inside the dock. [6]
There are two types of sonar, Passive and active. Passive sonar is listening for sounds made by vessels, where as active sonar, which would be more applicable for this project emits pulses of sound and listens for echos. [7]

Ultrasonic Detection – Ultrasonic detection uses high frequency sound energy to gather information, it uses a similar concept to sonar using a pulse/echo configuration. [8]
“A typical UT inspection system consists of several functional units, such as the pulser/receiver, transducer, and display devices. A pulser/receiver is an electronic device that can produce high voltage electrical pulses. Driven by the pulser, the transducer generates high frequency ultrasonic energy. The sound energy is introduced and propagates through the materials in the form of waves.” [8]
When the wave is path is blocked, the energy will be reflected back to the detector, where the transducer will convert it in to an electrical signal. Because of the sensitivity of these sensors, they may not be a preferred option to be used underwater, but more information will be gathered during testing.
[image: Image result for ultrasonic sensor][footnoteRef:3] [3:  ] 


There is also an opportunity to look at a ship recognition system, that could be put in place. This would involve vision system/CCTV that would recognise the ships as they enter or leave the dock. This would be an added bit of information for the harbour authorities, but may not be something that they would be interested in having.
Each sensor/detector will have its own challenges, as the water level in the ocean is constantly changing, and the atmosphere they would be in are changing we would have to do enough BETA testing under supervision to prove that our concept is going to work. This a new product market and it must be BETA tested.
	“A beta test is a type of testing period for a computer product prior to any sort of commercial or official release. Beta testing is considered the last stage of testing, and normally involves distributing the product to beta test sites and individual users ("beta testers") outside the company for real-world exposure.” [9]
To be able to BETA test the product, we would have to work with harbour authorities and agree where and if we can do this.
The PLC  we have chosen to use is Siemens s7, these are the most popular PLC used on industrial sites at the moment because of their practicality and versatility.
“The multi-facetted module range of S7-300 allows modular customization to suit the most varied tasks.
Function modules are intelligent modules that independently execute the technological tasks like counting, measuring, cam control, PID control and motion control. Thus they reduce the load on the CPU.
They are used when a high level of accuracy and dynamic response is required.” [10]

PLC standards and regulations would have to be researched and adhered too while creating the programme.

[image: Image result for siemens s7 plc][footnoteRef:4] [4:  ] 
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Above is the research onion. The research onion can be used to help with the steps that need to be undertaken for good comprehensive research. 
Throughout the project numerous strategies will be used, the main ones that will be used are experiment, document analysis, and action research. Experimenting with different sensors would give a better understanding of which sensors would be more suited for the atmospheres they will be used in.
Document analysis will be important to research how each sensors works and previous experiences someone may had had with them. It also mean looking at current research into these types of uses.
Action research will be used, as there are no current sensors on the market for this type of system alone, we may need to modify current sensors so that they would suit the system or the atmosphere that were asking them to work in.
[bookmark: _Toc510602356]
Conclusion

After writing this report, it should be clearer what the final project would include. The basic points of the project have been discussed and the clear potential for further research into each sensor and into the market as a whole is there.
The other factors that will be discussed in the main project would be the socio economic pros and cons, PLC standards and regulations, internet of things, harbour regulations etc.
This project has a vast potential as there isn’t any sensor currently on the market that is sold just for this field of work, this is an opportunity to address that and even come up with one that would work efficiently in this field.
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