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[bookmark: _Toc7605195]Abstract

In this project, I will be researching and proposing the full automation of docks gates. The aim of this report is to research the viability of automating docks gates. This would include researching all of the different types of sensors / vison systems that can be used to achieve the final goal.
Once the research is conducted, testing will be done on the chosen sensors to see which ones work the best in the type of environment needed. There will also be a PLC programme written showing how the docks gates would work, and using the chosen sensor at the end to show both the PLC programme and the sensor working hand in hand.
A conclusion will then be drawn up, looking at all of the different findings and coming up with a viable proposal for the customer.
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[bookmark: _Toc7605197]Chapter 1 – Introduction

1.1 [bookmark: _Toc7605198]Project Background

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 affect 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.
(This Introduction was taken from my project proposal)
1.2 [bookmark: _Toc7605199]Current Set-Up

Currently this port operates with a harbour master that will conduct the sequence, the role of a harbour master consists of;
· Allocate a suitable berth for the ship.
· Apply any restrictions needed to ensure safe passage.
· Passage planning,
· Inform of any hazards or problems that could affect safe navigation, such as;
·  Any obstructions in channels or alongside berths.
· Limitation of tugs.
· Weather restrictions in the harbour or at berths.
· Any failure of any aids to navigation such as lights or buoys. [53]
Currently the port operates with a harbour master that makes all of these decisions by communicating with each vessel/ship, and then making informed decisions from experience and knowledge on what to do next. This also means operating the docks gates when needed for the ships, which is going to be the centre of the main research of this project.
(The current set-up has been taken from my project proposal)













1.3 [bookmark: _Toc7605200]Aims and Objectives

The aim of this project is too eventually completely automate the harbour. This would include complete remote operation of the harbour for a specific location with limited human intervention at the harbour. 
This will be a challenge as there must be sufficient cameras and safety equipment placed in the correct areas, to make sure all ground is covered and doesn’t have any snags.
This report will be looking at the feasibility of the project, and will help the company come up with a proposal that can be showed to the harbour.

The objectives of the project are too;
· Research which sensors would be best suited for the complete remote operation.
· Look at obstacles that could occur in everyday at the dock.
· Build a PLC programme that will provide complete operation of the docks gates.
· Have enough information and research to provide a comprehensive proposal to the harbour.

















1.4 [bookmark: _Toc7605201]Gantt Chart

[image: ]

Above is a Gantt chart for the project. This will help bring more structure to the report and eventually make the process of finalising the report a lot easier. In the Gantt chart targets have been set which will be what is aimed for throughout.








[bookmark: _Toc7605202]Chapter 2 – Research and Review of Literature

[bookmark: _Toc7605203]2.1 Research Already Conducted in this Field

Even though there aren’t any sensors on the market that are targeted directly at the detection of ships, there is a wealth of research that has been conducted and one of the leading researchers is a organisation called PIANC. The World Association for Waterborne Transport Infrastructure, which later changed to Permanent International Association of Navigation Congresses (PIANC) was founded in 1885, its mission today is to provide technical advice on economic, environment and technical issues regarding waterborne transport infrastructure. [1]
PIANC have conducted numerous research in this field where some are touching on what is trying to be achieved in this project, and one which is very similar. 

[bookmark: _Toc7605204]2.1.1 Operation Centre for Movable Bridges and Navigation Locks in Lelystad

In this project PIANC installed an operation centre in Flevoland province office building. From this operation centre five bridges, and ten locks in flevoland are remotely controlled. The number of operators that are required depends on the season and number of ships expected. [2]
This project brought up major discussions such as;

· “CCTV Camera positions: the wishes and needs of the operators in the operation center differed heavily with the theoretical design. This was especially the case with navigation locks where there was a movable bridge across the lock chamber. This point was resolved by performing local onsite sight measurements to determine the exact position of the cameras.” [2]

· “Privacy of nearby residents: This point was resolved by using cameras with built-in privacy masking software and to involve residents during commisioning of the cameras.” [2]

· “Responsibility over the safety of the installation: The contractor is responsible for the changes on the existing installation that are related to remote control. However, the contractor cannot be be taken fully responsible for the exisiting installation connected to the remote control. Therefore an interface was designed by the contractor to solve the responsibility issue. On every installation a safety PLC was installed, that serves as an interface between the emergency stop button on the operator desk and the emergency circuit of the local object.” [2]

All of above points can be taken into account when researching and deciding on the final report for this project.
[image: ][bookmark: _Toc7605124]Figure 1 - Remote Operation Control Centre























[bookmark: _Toc7605205]2.1.2 Full Automatic Control for Port of Antwerp

In this project PIANC have assisted and advised the Port of Antwerp on the full automation of movable locks and bridges. The tasks involved were;

“Risk analysis for automatic control 
Analysis of safety risks according to the machine directive 
Analysis of operational reliability 
Analysis of reputational damage 
Risk reduction following ISO 12100”

“Availability vs reliability”
“Analysis for movable bridges and locks, using different risk areas 
Road Traffic 
Waterway traffic”

“Testing of different detection systems 
Laser scanner 
Radar detector and scanner 
Microwave through-beam detector 
3D time of flight camera 
Video Content Analysis 
Thermal camera 
Electrostatic sensors” [2]

The results of the above research aren’t published in the brochure, but this has given very good pointers in what to research and which sensors to research to fulfil the full automation of the docks. By reading the brochure it was a good starting point for myself, before conducting my further research. 



[bookmark: _Toc7605206]2.1.3 Remote Control in the Port of Antwerp

Within the Port of Antwerp PIANC have looked at the complete remote control of the docks, this project was called Argus. The project looked at all of the different possibilities for productivity improvement of the locks and movable bridges within the Port of Antwerp. Looking at previous studies, it seems that remote control rooms are gaining popularity and especially in the Netherlands. [2]
Studies were carried out at the Port of Antwerp to conclude if this could be carried out in the future and how. To get accurate results proof of concept had to be done and make sure that everything would look like as if it would in the future. [2] The proof of concept consisted of 4 parts;

“Controlling aspect and ergonomics 

What needs to be controlled from the control room? How do we want to work ? How does this differ from the current work structure and organisation? Which information and installations are needed? How can we present information in the best way? How do we deal with break-downs and glitches? How should an operator desk be designed? 

Realization of a (training) simulator 

To evaluate the new way of working and the design of the operator desks, a simulator was build. This was designed to have the same look and feel as a real operator desk. The simulator was used to test and try-out the best camera positions for remote control. 

Realization of a full scale proof of concept (PoC) 

Once the look and functionalities of the operator desk were tested and approved, Port of Antwerp started with the actual construction of a temporary control room on the Noordkasteel bridges and the Boudewijn and Van Cauwelaert lock. 




Roll-out 

The PoC showed that remote controlling for the bridges and locks in the Port of Antwerp is possible. Hence, a medium-sized control room with five operator desks was built. Here the technical concepts are being refined and further tested and the organisational design of the remote control room is designed. At the same time, the preparations for remote control have started for the Kallolock. The Kieldrechtlock and Zandvliet- en Berendrecht lock complex are next in line.” [2]

This project conducted by PIANC has also given me pointers in what should be considered while trying to implement the full automation of a port or harbour.























[bookmark: _Toc7605207]2.2 Research Conducted for this Report

[bookmark: _Toc7605208]2.2.1 Sensors

Laser Scanners

Basic laser scanners involve a combination of laser beams and distance measurements. Multiple scanning mirrors are controlled by a rotary encoder to guide the beams. [1]
“Positioning the laser beam in two dimensions requires either rotating a single mirror along two axes or, for faster scanning, reflecting the beam onto two closely spaced mirrors mounted on orthogonal axes. The lasers can also be positioned in three dimensions via a servo-controlled lens system known as a focus- or Z-shifter.” [1]
Generally single scans aren’t sufficient design a complete structure of the subject that is being scanned, so multiple scans are taken and then brought together using a reference system, with a process known as alignment or registration. [1]

Time of Flight
[image: ]One of the main concepts of laser scanning is time of flight. Time of flight is calculated by using a range finder that will clock the amount of time it takes for a laser beam to travel from the scanner to the object and back again.  The formula for calculating time of flight is; [1] [2]
[bookmark: _Toc7605125]Figure 2 - Time of Flight Eq.





The time of flight scanner measures distance, horizontal and vertical angle for every position. The scanner moves in a grid fashion 360° horizontally and 330° vertically. The accuracy of a time of flight scanner would depend on the accuracy of the laser chronometer. The chronometer is the timing device in the laser scanner that has a special mechanism for adjusting its accuracy. But time of flight is the best long range concept that can be used, regardless of the accuracy of the chronometer. [1] [2] [3]
LIDAR (Laser imaging, detection and ranging) is based on the time of flight concept. [4]

Phase Shift/Based
Phase based scanners are much quicker than time of flight scanners, and can collect data ate a rate of a million points per second. It uses a constant beam from the scanner, and then measures the phase shift of the returning beam to calculate distances. It is very similar to the time of flight concept, but the range is limited to 80 meters. [2]
[image: Phase and Time of Flight Comparison]Phase based scanners do collect a lot more data than time of flight scanners, but theyre more susceptible to noise interference or false data. [4] [bookmark: _Toc7605126]Figure 3 - Phase Shift/Based

    Above we can see the signals of both time of flight concept and phase based concept.


	Advantages
	Disadvantages

	· Data is collected quickly and to a high accuracy, and can be placed in numerous different atmospheres. [5]

	· Can be expensive whilst being used in smaller applications and areas when collecting data. [5]

	· Can be used day and night. [5]

	· Because of the Effects of refraction, laser scanner can be ineffective during heavy rain or low hanging clouds. [5]

	· It can be integrated with other data sources. This makes it easier to integrate with existing systems that users have. [5]

	· Does not work well in high sun angles and reflections, since the laser pulses use reflection as its main principle. [5]

	· Cost. LiDAR (time of flight) is cheaper when used in huge applications, and many other applications on the market. [6, 5]

	· Does not work well on water surfaces, it would not return accurate data since the water would affect the reflection of the pulses. [5]

	· Minimum Human dependence. Most processes in laser detection are automatic, with no need for human intervention.
	· Laser beam can effect human eye if powerful enough. [5]









Radar

RADAR stands for Radio Detection and Ranging. There are many different components involved with RADAR detection, the first piece of equipment used is a magnetron. The magnetron produces the radio waves for RADAR, the magnetron generates microwaves, but the difference is the magnetron is sending waves many miles and not just a few inches. [7]
Next an Antenna acting as a transmitter, sends the radio waves out at the speed of light, and will keep travelling until they hit something. Then some of the beams will bounce back toward the antenna as the reflected radio waves also travelling at the speed of light. [7] 
The antenna then turns into a radar receiver, the radio waves picked up are then transmitted onto a television screen via a processor, that will show the objects around it. The antenna will keep repeating this sequence every couple of seconds, that will keep updating the screen. The piece of equipment that swaps the antenna between a transformer and a receiver is a duplexor. [7]
[image: ][bookmark: _Toc7605127]Figure 4 - How Does Radar Work?











The Doppler Effect
The Doppler affect as the returning signals will get smaller or larger depending on which the object is moving, will be able to determine the distance and speed of the object. If the object is moving at right angles there would be no Doppler frequency shift, as there would be no change in distance. This is a very useful technique as it can determine between moving and stationary objects. [8]
There are a different RADAR systems that are used commonly.
Pulsed RADAR
There are two types of pulsed radar;
Pulse Doppler
Pulse Doppler radar transmits high pulse repetitive frequencies to avoid Doppler ambiguities. Both the transmitted signal and the return signal are mixed in a detector, this then gives us the Doppler shift. The difference signal is then filtered using a Doppler filter, this will reject all the unwanted noise signals. The Doppler affect itself is when a object is moving towards/away from the RADAR. [9]
Moving Target Indicator RADAR
MTI transmits low pulse repetition frequencies to avoid range ambiguities. 
“In a MTI RADAR system, the received echo signals from the object are directed towards the mixer, where they are mixed with the signal from a stable local oscillator (STALO) to produce the IF signal. This IF signal is amplified and then given to the phase detector where its phase is compared with the phase of the signal from the Coherent Oscillator (COHO) and the difference signal is produced. The Coherent signal has the same phase as the transmitter signal. The coherent signal and the STALO signal are mixed and given to the power amplifier which is switched on and off using the pulse modulator.” [9]



Below are advantages and disadvantages of radar.
	Advantages
	Disadvantages

	· Radar can penetrate clouds, fogs, mist and snow. Radar is not hindered by these adverse conditions. [10]
	· It has a  range of only 200ft. [10]

	· It can measure the exact distance of an object. [10]
	· Radar can be interrupted by other signals. [10]

	· It can distinguish fixed as well as moving targets. [11]
	· It cannot see targets which are in the water and are too deep. [11]

	· Radar is wireless.
	· The data acquired by radar is only accurate up to a certain extent. [10]

	· Easy to acquire data at different scales. [10]
	· It can be oversensitive. [10]















Infrared Imaging (Thermographic)

An infrared imaging camera uses radiation between the object and the background to form an image. Compared to other imaging, infrared is less prone to interference, and is very useful at night. The infrared thermal imaging cameras can work in complete darkness, there would be no change in images between day and night. This would be useful if there was a need for a visual representation of the docks gates as well as a sensors to completely automate the system. [12] [13]
Infrared imaging is used in a broad range of different of different situations, from where a house is losing heat from, police helicopters used to detect suspects, weather stations to detect storms and medical uses to diagnose diseases etc. [14]
Thermal Infrared Imaging
A thermal camera uses the heat radiated from an object to detect them. This can be hot or cold and would change colour between red and blue. The hotter and object becomes or is, the more infrared radiation it produces, the thermal cameras then convert the infrared light into and image that can be seen. [14]
“Inside of a thermal camera, there are a bunch of tiny measuring devices that capture infrared radiation, called microbolometers, and each pixel has one. From there, the microbolometer records the temperature and then assigns that pixel to an appropriate color.” [14]
Difference between infrared and night vision?
Night vision collects any available light in a dark area, and then amplifies it so that it can be seen by the naked eye, where as infrared relies on heat that is given off any objects. The downfall with night vision is that if there was absolutely no light in an area, then there would be no light to amplify which would make the camera useless, infrared does not suffer this problem as every object will always emit radiation/heat that is then seen by the infrared camera/detector. [15]

[image: ][bookmark: _Toc7605128]Figure 5 - Infrared Region of Spectrum








Above we can see the range of light that infrared can see. The thermal range is what human and other mammals emit. Within the infrared range there are different types, all based on how many waves pass a certain point. Human beings can sense heat that is created by infrared waves at certain wavelengths. [16]
Near infrared waves have short frequencies and doesn’t emit any heat which makes it impossible for humans to see with the naked eye. Far infrared waves have longer frequencies, and can be interpreted by humans. [16]










Below are the advantages and disadvantages of infrared.
	Advantages
	Disadvantages

	· It provides secure communication due to line of sight or point to point mode of communication. [17]
	· Weather can influence the readings from infrared. If the weather is too hot or cold it will affect the images. [18]

	· Infrared is invisible. [19]
	· Line of sight communication can get blocked by obstacles. [20]

	· It has low power consumption and is less expensive. [20]
	· Infrared radiation can damage the eye if it is exposed for too long causing burns and ulcers. [21]

	· Infrared scanners can observe object without having any light, they find use of other numerous situations. [22]
	· Infrared cannot be used for long distances. [23]

	· Can allow very accurate temperature measurements of objects. [24]
	· Infrared is not reliable when speed is considered. [23]













Sonar

Sonar (Sound Navigation and Ranging) is used primarily for mapping and exploring the ocean. It uses sound propagation to detect objects either above or below water level, it is also used for navigation and communication. Sonar is used in water because sound waves travel further underwater than radar and light waves. Sonar works by sending out sound waves and measuring how long it takes to return to the detector. [25] [26] [27]
[image: Image result for how does sonar work][bookmark: _Toc7605129]Figure 6 - How Sonar Works













Above is an example of sonar from a ship measuring the depth of the ocean, the transducer sends out a ultrasound pulse (sound wave) and then the detector waits for its return and measures the time it’s taken.



There are two types of sonar active and passive;

Active
“Active sonar transducers emit an acoustic signal or pulse of sound into the water. If an object is in the path of the sound pulse, the sound bounces off the object and returns an “echo” to the sonar transducer. If the transducer is equipped with the ability to receive signals, it measures the strength of the signal. By determining the time between the emission of the sound pulse and its reception, the transducer can determine the range and orientation of the object.” [25]

Passive
“Passive sonar is a method for detecting acoustic signals in an underwater environment, usually the ocean. The difference between passive and active sonar is that a passive sonar system emits no signals; instead, its purpose is to detect the acoustic signals emanating from external sources. From an historical perspective, the main impetus for the research and development of passive sonar has been its military applications, in particular, the acoustic detection of submarines.” [28]
The passive sonar is used only to receive sound waves, we can detect submarines, ships and even animals that communicate using sonar. The threats that are in the sea are usually picked up by passive sonar, by listening for anything that vibrates. [29]






Advantages and disadvantages of sonar.
	Advantages
	Disadvantages

	· It is the only system used to find and identify objects in the water effectively. [30]
	· The waves emitted interfere with marine life such as whales , dolphins, seals etc. [30]

	· It’s used for various water based activities due to the fact that sound waves don’t attenuate much in sea water. [30]
	· You can get reflections of the surface or ocean floor. [31]

	· Helps military operations at sea.
	· Vehicles underwater can effect sonar if there is too much vibration. [32]

	· Can be used to aid fishermen. [32]
	· Active sonar can be effected by scattering from various objects in the ocean. [32]














CCTV Detectors/Motion Detecting Cameras

Motion detecting cameras are used almost everywhere these days, they can also be called CCD cameras, which stands for charges coupled device. This is a silicon chip with a surface divided into light sensitive pixels. It works by light hitting these pixels and tiny electric charges are generated, if there is enough of these pixels, a high resolution image is given. [33]
CCD was first designed as a memory device but became a good choice for imaging because of its sensitivity to light. Digital cameras can use both CCD or CMOS (complementary metal oxide semiconductor) circuits. Because CCD produces better quality images, security cameras generally us this. CMOS is a type of circuit used for microcontrollers, microprocessors, static ram and other digital logic circuits. It has two main characteristics it has high noise immunity and low static power consumption. [33] [34]
What is CCTV?
“The phrase closed-circuit television refers to a self-contained surveillance system, commonly abbreviated as CCTV, which transmits a direct feed of its connected security cameras to a receiving station or DVR (Digital Video Recorder) via coaxial or UTP cabling.” [35]
It uses a radio frequency rather than photographic, that is more cost effective mean of surveillance. This type of system relies on the strategic placement of cameras for transmitting video feed when needed. [35]
[image: http://cdn.differencebetween.net/wp-content/uploads/2018/09/Difference-between-CCTV-and-Security-Camera-.jpg]
[bookmark: _Toc7605130]Figure 7 - CCTV Camera








What is the difference between CCTV and Security camera?
CCTV is closed circuit, this means that the signals can only be accessed by equipment within the system, which can deter any intruders who would like to see the footage.  The security cameras on the other hand send a signal to a receiver, which can be accessed by anyone else with one of these. [35]
The main objectives of CCTV systems are for enhanced security wherever they are used, this can be for intrusion detection, asset protection etc. On the other hand, security cameras are used for a wide range of different reasons, this can be traffic management, access and egress etc. They are used from business settings to personal. [35]

[image: See the source image][bookmark: _Toc7605131]Figure 8 - Security Camera















Here are the advantages and disadvantages of CCTV and Security cameras.


	Advantages
	Disadvantages

	· Good quality cameras can give good clear images.
	· Adverse weather conditions can effect images.

	· CCTV are crime deterrent, increased safety. [36]
	· Security Cameras can be watched by others with the correct equipment.

	· Cameras can now be wireless which would make it easier to place the camera where you want it. [37]
	· CCTV and Security cameras can have legal issues such as an intrusion of privacy. [36]

	· Wireless cameras give better images and resolution. [37]
	· Cost can be high to install and buy the cameras.














Ultrasonic

Ultrasonic sensors measure distance using ultrasonic waves. With an ultrasonic sensor, the head emits the ultrasonic waves, this wave then reflects off the target and returns to the head, measuring the distance by looking at the time taken for the wave to return. [38]
“An optical sensor has a transmitter and receiver, whereas an ultrasonic sensor uses a single ultrasonic element for both emission and reception. In a reflective model ultrasonic sensor, a single oscillator emits and receives ultrasonic waves alternately. This enables miniaturisation of the sensor head.” [38]
The distance can be calculated with the following formula;



L = Distance
T = Time taken for emission and reception
C = Sonic Speed
It is multiplied by half because T is the time for go and return distance.
[image: See the source image]
[bookmark: _Toc7605132]Figure 9 - How Ultrasonic Works


This image shows how the sensor works whether it has a transmit and receive pad on the head, or just a single transmitter and receiver that does both. Both sensors work by the same principles.




There are 3 types of ultrasonic sensors.
· Ultrasonic proximity sensors
· Ultrasonic retro-reflective sensors
· Ultrasonic through beam sensors
Ultrasonic Proximity Sensors.
“In this ultrasonic proximity sensor, a special type of sonic transducer is used for alternate transmission and reception of sound wave. This sonic transducer emits the sonic waves which are reflected by an object and after this emission, this sensor switched into receive mode. The total time which is passed between emitting and receiving of sound wave is inversely proportional to the distance of object from sensor. The digital output is only possible or sensed with in detection area. Sensing range can adjust with sensor’s potentiometer” [39]
[image: Ultraschall_Näherungsschalter_Know-how-Function_v2.png]


[bookmark: _Toc7605133]Figure 10 - Ultrasonic Proximity Sensor

Ultrasonic Retro-Reflective Sensors.
This sensor is similar to the proximity sensor. The only difference is the distance between sensor and reflector is measured by measuring the propagation time. When any object goes within the sensing area, the propagation time is changed, which in term turns the sensor into active mode. The stationary object in this sensor can be used to measure distance by adjusting the potentiometer resistance within the sensor itself, or it could be used as a reflector. [39]
[image: Ultraschall-Reflexion_Teaser_Know-how_E-Zchn-6217_600x338.jpg][bookmark: _Toc7605134]Figure 11 - Ultrasonic Retro-Reflective Sensor






Ultrasonic Through Beam Sensors.
There is a continuous signal that is transmitted and received between the emitter and picked up by the receiver. Any object that interrupts the beam would cause the sensor to give and output signal, which would give indication that there is an object there. The amplification can be adjusted to the users requirements. [40]
[image: Teaser_Ultraschall-Einwegschranken.png][bookmark: _Toc7605135]Figure 12 - Ultrasonic Through Beam Sensor







Advantages and Disadvantages of Ultrasonic;
	Advantages
	Disadvantages

	· Various different ones that can be used.
	· Can be affected by temperature. [41]

	· Waterproof ultrasonic sensors wouldn’t be effected by rain on the emitter/receiver.
	· Cannot be used underwater. [42]

	· They work in adverse weather conditions. [41]
	· Accuracy is affected by soft materials. Fabric etc. [42]

	· Provides good readings with larger sized objects. [41]
	






Photoelectric Through Beam Sensors

The through beam sensors consist of an emitter and a receiver. The emitter is the light source that creates the beam across to the receiver. If this beam is broken by any object this will then trigger the emitter to give an output, which would alert the system that there is something there.

Thru-Beam
“Separate emitter and receiver units are required for a thru-beam Sensor. The units are aligned in a way that the greatest possible amount of pulsed light from the transmitter reaches the receiver. An object (target) placed in the path of the light beam blocks the light to the receiver, causing the receiver’s output to change state. When the target no longer blocks the light path the receiver’s output returns to its normal state.

Thru-beam is suitable for detection of opaque or reflective objects. It cannot be used to detect transparent objects. In addition, vibration can cause alignment problems. The high excess gain of thru-beam sensors make them suitable for environments with airborne contaminants. The maximum sensing range is 300 feet.” [43]


[image: ][bookmark: _Toc7605136]Figure 13 - Photoelectric Thru-Beam










Thru-Beam Effective Beam
The effective beam of the sensors is the region of the beams diameter where the target is detected. The diameter of the emitter and receiver lens is the effective beam, the target must be a minimum of the diameter for it to be picked up. This beam is more reliable as there are two constant beams instead of one. [43]

[image: ]	[bookmark: _Toc7605137]Figure 14 - Photoeletric Effective Beam







Reflective or Retroreflective Scan
These are two names for the same technique. This works essentially the same as any other thru beam, but the emitter and receiver are both in one unit and a reflector is used instead. If the beam is blocked then the sensor changes state. The maximum range is 35 feet. [43]
[image: ][bookmark: _Toc7605138]Figure 15 - Photoeletric Reflective or Retroflective Scan









Advantages and Disadvantages of Photoelectric sensors;

	Advantages
	Disadvantages

	· Senses all kinds of materials. [44]
	· Lens can get contaminated over time. [44]

	· Less Costly. [44]
	· Placement of the sensors are crucial, so that they don’t get affected.

	· Thru-Beam type is tolerant to dirty environments. [44]
	



















Pressure Sensor to Measure Water Depth

A Pressure sensor will be used for this project. There will be four pressure sensors needed at least, one the harbour side, one in the dock and one sea side.
There are many different applications that can be used to measure water depth, pressure sensors can be used for various applications including measuring water depth.
 “Using a pressure sensor to measure level is premised on water having a uniform weight at a given depth. In other words, a column of water of a specific height will always exert the same amount of pressure on a transducer. And because weight is a force, and pressure is force applied over an area, in this case, the area of the transducer, we can take the pressure reading from the transducer and translate it into a level.” [45]
The pressure sensor is technically “weighing the water” by measuring the equivalent hydrostatic pressure of the water above the sensor diaphragm. This is then used to calculate liquid depth. [49]
	Advantages
	Disadvantages

	· Easy to maintain, install and calibrate.
	· Need to be calibrated every 6 months.

	· Output can be analogue or digital.
	· Some models require breather tube in cable to reference to atmospheric pressure.












[bookmark: _Toc7605209]2.2.2 Switches

Sensing Strips

For safety proximity sensors will have to be used for the docks gates, to ensure that the gates are fully closed or open, and if the there are any objects in the way whilst closing/opening.

Rubber sensing strips
Rubber sensing strips have been chosen to be used across the top of the docks gates. These would be places across the top of the docks gates either side, and would give and output if these touch any other object that could be in the way etc.
“The sensing strips consist of two layers of rubber, one with conductive and one normal insulating rubber. A copper wire embedded in two separated layers of conductive rubber together with a resistor at the end of the sensing strip, forms a closed circuit. If the separated layers are pressed together there is a short-circuit, the control unit react and its outputs release. In the same set hammer the control unit reacts to an open-circuit in the cable or in the sensing strip's copper conductor” [46]

[image: ][bookmark: _Toc7605139]Figure 16 - Sensing Strips








These sensing strips seem like the most obvious to use for the application, as they would sit off the gates, and would bring extra security if the docks gates are fully automated.
[bookmark: _Toc7605210]2.2.3 PLC Programmes

PLC stands for programmable logic controller, it is a solid state computer that monitors inputs and outputs, and then makes logic based decisions for processes or machines.  [47]
Introduced in the 1960’s by Richard Morley, they were designed to replace and do the same functions as relays systems. Relays systems were known to fail at the time, and it would take time to troubleshoot the fault and then fix the problem. The problems could have arisen from switching under load can cause arcing over the contacts, age of the relay, environment its in. The PLC’s are robust and can be used in severe heat, cold, dust and extreme moisture. [47]
[image: https://www.machinedesign.com/sites/machinedesign.com/files/uploads/2015/04/PLC%20System%20Overview.JPG][bookmark: _Toc7605140]Figure 17 - PLC System














The CPU is the brain of the PLC system, this would be a 16 or 32 but microprocessor that would have a memory chip and integrated circuits for control logic, monitoring and communicating. The CPU tells the PLC exactly what to do and when, it directs the PLC to communicate with other devices, carry out operations and execute control instructions. Also when the PLC is running it will run routine checks on the PLC to ensure everything is working correctly and there are no errors. [47]
The memory side of the CPU provides a permanent storage for the operating system data using the ROM (Read only memory). The RAM (read only memory) stores information for the input/output devices as well as values for times, counters and internal devices. [47]
PLC’s can read signals from numerous different input and sensor devices. These can include transmitters, switches etc. It can take in either digital or analogue signals depending on the process. The output devices can be solenoid valves, control valves, lights, contactors or motors. [47] [48]


[image: Image result for plc programming languages ladder] [bookmark: _Toc7605141]Figure 18 - PLC Language, Ladder Logic









Ladder logic was initially designed to document the design of relays stacks used in process control. Since PLC’s were designed, ladder logic has evolved into programming language, that represents a program by a graphical diagram based on the circuit diagrams of relay logic hardware. Because of ladder logic evolving from relays circuits, it makes it easier to rework old hardwired circuits. [49]
“Ladder logic can be thought of as a rule-based language rather than a procedural language. A "rung" in the ladder represents a rule. When implemented with relays and other electromechanical devices, the various rules execute simultaneously and immediately. When implemented in a programmable logic controller, the rules are typically executed sequentially by software in a continuous loop, or "scan". By executing the loop fast enough, typically many times per second, the effect of simultaneous and immediate execution is achieved. Proper use of programmable controllers requires an understanding of the limitations of the execution order of rungs.” [49]
Ladder logic isn’t the only PLC language that is available, but is the most common. Other languages include
Function Block Diagram; 
	“Function Block diagram (FBD) is used for PLC programs described in terms of graphical blocks. It is described as being a graphical language for depicting signal and data flows through Inputs blocks, these being reusable software elements.” [50]

[image: Function block][bookmark: _Toc7605142]Figure 19 - PLC Language, Function Block Diagram








Statement List;
	“In statement-list programming approach, an instruction set similar to assembly language for a microprocessor is used. Statement lists, available on few brands of PLCs, are the most flexible form of programming for the experienced user but are by no means as easy to follow as ladder diagrams or logic symbols.” [50]
[image: Equivalent statement list for Figure 11][bookmark: _Toc7605143]Figure 20 - PLC Language, Statement List







Logic Functions;
	“There are many control situations requiring actions to be initiated when a certain combination of conditions is realised. Thus, for an automatic drilling machine, there might be a condition that the drill motor is to be activated when limit switches are activated that indicate the presence of the workpiece and the drill position as being at the surface of the workpiece.” [50]
[image: Characteristics for different logics][bookmark: _Toc7605144]Figure 21 - PLC Language, Logic Functions
















For this project ladder logic will be used on TIA 13. TIA 13 is a siemens programme for writing ladder logic. The programme allows the user to do, hardware configuration, example processes, basics of PLC programming, visualization, advanced programming and drives. The PLC that will be used is Simatic S7-1200.  [51]    (See Appendix A for data sheet)

[bookmark: _Toc7605211]2.3 Socio-Economic Impact

Socio-economic impacts can be felt throughout a number of industries, and with the automation being a key part of heavy industry the socio-economic impacts can be seen. But the socio economic impacts isn’t always negative, this can pave the way for more higher skilled jobs being created, or even the current workforce at any company being trained up to the standard needed for the new roles. [52]
The MIT Technology conducted a review of the effects throughout industries, and published a report stating the amount of jobs that would be lost or created within the next few years due to automation. Below is the table from the report; 

[image: https://s3.eu-west-2.amazonaws.com/media.nigelwright.com/news/Automation+Article+image+7.JPG][bookmark: _Toc7605145]Figure 22 - Socio-Economic Impact










The graph shows the immediate impact of automation, but then the jobs which are gained as a result, but over time. In ‘The 2o17 McKinsey study, it look at the percentages of jobs that can be replaced by automation. The study reveals that 60% of occupations have at least 30% of work activities that can be automated. It also states in the study that over 200 million global workers would have to change jobs or re-train as a direct effect of automation and role changes. [52]
Less industrial accidents would also be a positive of automation, as the risks that were taken before by employees to do certain tasks would be taken out of the equation.
[bookmark: _Toc7605212]2.3.1 Impacts of this Project

The impact of this project being implemented in the end could cause a loss of jobs at the port. Currently there is a harbour master that would communicate with any ships approaching or leaving the harbour. This job includes; [53]
· Allocate a suitable berth for the ship.
· Apply any restrictions needed to ensure safe passage.
· Passage planning,
· Inform of any hazards or problems that could affect safe navigation, such as;
·  Any obstructions in channels or alongside berths.
· Limitation of tugs.
· Weather restrictions in the harbour or at berths.
· Any failure of any aids to navigation such as lights or buoys. [53]
[image: Image result for harbour master control room][bookmark: _Toc7605146]Figure 23 - Harbour Master














If the project is implemented there would be no need for a harbour master working around the clock. As the proposal is stating that one control room would control numerous ports. This would be achieved by giving the new control room enough vision systems that they would be able to address problems when needed, but let the system run by itself until needed.
This would mean that the system would detect the ship, let it pass, and finish the sequence safely without human intervention. Also the communication that is needed to allocate a berth for the ship can also be done from the local control room, but would need enough vision systems to allow this.
This type of system at the port could create higher skilled jobs that would be able to conduct the maintenance that would be required to keep the system running smoothly. This would be general maintenance such as calibration on the various instruments that would be needed, and breakdowns which would be pointed out by the new control room when needed.















[bookmark: _Toc7605213]2.4 Comparison of Sensors

Below is a comparison table between all of the sensors/vision systems that have been looked at, and which advantages/disadvantages would benefit this project.

[bookmark: _Toc7605214]2.4.1 Laser Scanners

 Advantages
· Can be used day and night. [5]
· It can be integrated with other data sources. This makes it easier to integrate with existing systems that users have. [5]
Disadvantages
· Because of the Effects of refraction, laser scanner can be ineffective during heavy rain or low hanging clouds. [5]
· Does not work well in high sun angles and reflections, since the laser pulses use reflection as its main principle. [5]
· Does not work well on water surfaces, it would not return accurate data since the water would affect the reflection of the pulses. [5]
Looking into more detail about laser scanners, the advantages such as can be used day or night, and can be integrated with other data sources does tick the boxes for this project, but the disadvantages such as the scanner can be ineffective during changes in the weather, and does not work well on water surfaces would not benefit being used within our environment which is outside and above water surfaces.






[bookmark: _Toc7605215]2.4.2 Radar

Advantages
· Radar can penetrate clouds, fogs, mist and snow. Radar is not hindered by these adverse conditions. [10]
· It can distinguish fixed as well as moving targets. [11]
· Radar is wireless.
Disadvantages
· Radar can be interrupted by other signals. [10]
· It can be oversensitive. [10]
· It cannot see targets which are in the water and are too deep. [11]

The advantages of radar would benefit our kind of system, especially in the adverse weather conditions it would be met with throughout its use. It would also make installation easier as radar is wireless and can distinguish fixed as well as moving targets. The disadvantages show that radar can be effected by other signals and can be oversensitive. This would not be ideal as it could start the sequence which would cause problems. It also cannot see targets which are in the water, this wouldn’t be a problem at first but would limit the user to any future expansion on the project.










[bookmark: _Toc7605216]2.4.3 Infrared Imaging

Advantages
· Infrared scanners can observe object without having any light, they find use of other numerous situations. [22]
· It has low power consumption and is less expensive. [20]
Disadvantages
· Weather can influence the readings from infrared. If the weather is too hot or cold it will affect the images. [18]
· Infrared radiation can damage the eye if it is exposed for too long causing burns and ulcers. [21]
Infrared imaging would work well when the sensors need to be used at night, and has a low power consumption which would make the project cheaper as a result. But the fact that the weather can influence the readings is not ideal for this kind of project, and as the port would have people walking around, the risk of being exposed to the infrared radiation can cause damage to the eye, which would place an added risk on the workforce that are working/walking near these sensors.
[bookmark: _Toc7605217]2.4.4 Sonar

Advantages
· It is the only system used to find and identify objects in the water effectively. [30]
· It’s used for various water based activities due to the fact that sound waves don’t attenuate much in sea water. [30]
Disadvantages
· You can get reflections of the surface or ocean floor. [31]
· Active sonar can be effected by scattering from various objects in the ocean. [32]
Sonar is mainly used at sea, and would seem like the ideal sensor for a wet environment. The advantages such as it can identify object in the water would be an option for any future improvements to the system being proposed. But as the sensors would be above the water I do not think that the sonar would work as well because of the interferences above water on the waves.
[bookmark: _Toc7605218]2.4.5 CCTV Cameras/Motion Detecting

Advantages
· Cameras can now be wireless which would make it easier to place the camera where you want it. [37]
· Good quality cameras can give good clear images.
Disadvantages
· Adverse weather conditions can effect images.
· CCTV and Security cameras can have legal issues such as an intrusion of privacy. [36]
· Cost can be high to install and buy the cameras.
CCTV cameras would not work as part of the sequence unless it was controlled from a remote control centre elsewhere, then these CCTV cameras would become important. But the main proposal is too fully automate the docks gates, but with aid of cameras for any problems that may arise. 
The cameras can be wireless which would make it easy to place them wherever is best for the user. But the cameras can be effected by adverse weather conditions such as rain, which would be difficult to improve if the user wanted a visual, as it can happen with any cameras.
Also the legal side of having CCTV cameras would have to be looked into, if there are any residential housing near where the cameras are installed.








[bookmark: _Toc7605219]2.4.6 Ultrasonic 

Advantages
· Various different ones that can be used.
· They work in adverse weather conditions. [41]
· Waterproof ultrasonic sensors wouldn’t be effected by rain on the emitter/receiver.

Disadvantages
· Can be affected by temperature. [41]
· Cannot be used underwater. [42]
Ultrasonic sensors can come in a variety of options, this includes ultrasonic retro-reflective, ultrasonic thru-beam and ultrasonic proximity sensors. Each one has the same principle but works differently. The fact that these sensors work in adverse weather conditions would be ideal for this project, and they wouldn’t be effected by rain on the emitter or receiver.
One of the disadvantages that would work against it is that it can be affected by temperature, which could be a problem as the sensors are placed outside. They also cannot be used underwater, which shouldn’t matter to this project.










[bookmark: _Toc7605220]2.4.7 Photoelectric Through Beam Sensors

Advantages
· Thru-Beam type is tolerant to dirty environments. [44]
· Senses all kinds of materials. [44]
Disadvantages
· Lens can get contaminated over time. [44]
· Placement of the sensors are crucial, so that they don’t get affected.
Thru-beam sensors are tolerant to dirty environments, which can sometimes be the case in a port or harbour.
But the lens can get contaminated overtime, which could be a problem, but regular maintenance would solve this problem.














[bookmark: _Toc7605221]2.4.8 Chosen Sensors

After conducting the research, three sensors have been chosen to test, and see if any would be better than the other. Because of the price of the industrial sensors, smaller sensors have been bought for testing purposes but work with the same principle.
The sensors that have been chosen are;
Photo-Electric Thru Beam 

A separate emitter and receiver is needed for this sensor, it uses pulsed light from the transmitter and goes to the receiver. I’d anything blocks the light path, the sensor changes state and signals there is something there. [45]
The reason this sensor was chosen is because of its simple but reliable way of working. After doing research, a through beam sensor seems like the most obvious type of sensor that would benefit this project, but would need testing to see which one, if any get affected by different situations. Because this is a light emitting sensor, it could be affected by direct sunlight etc.
Thru-beam sensor 
Pepperl+Fuchs
BB10-P-F1/25/33/35/103/115-7m

· [image: https://files.pepperl-fuchs.com/webcat/navi/productInfo/pd/b234790a.png]Single-beam miniature photoelectric sensor, ideal for installing in frames or contours
· Integrated circuit
· Plug-in style housing for 13 mm hole
· Narrow opening angle, suitable for mounting in pairs
· Various frequencies for avoiding mutual interference (cross-talk immunity)
· Light on version
[bookmark: _Toc7605147]Figure 24 - Thru Beam Sensor

Photo-Electric Retro-Reflective

This sensor works with the same principle as the last, except the emitter and receiver are in one unit, and the light beam reflects off a reflector and back to the receiver.
This sensor was chosen to see if there would be any advantage or disadvantage of having a reflector instead of two separate emitter and receiver.

RS PRO Retro-Reflective Photoelectric Sensor
RS Stock No: 729-5191

· [image: Main Product]Cost effective alternative to leading brand miniature sensors[bookmark: _Toc7605148]Figure 25 - Photo-Electric Retro-Reflective

· Standard 25.4mm mounting hole spacing (bracket supplied)
· Diffuse sensing versions offer adjustable sensitivity
· Dual LED status indication 
· Easy alignment with visible light spot
· Retro-reflective sensors are supplied complete with reflector








Ultrasonic Thru Beam

These sensors work by emitting ultrasonic waves from the emitter to the receiver. This is a continuous signal that if interrupted would change the state of the sensor. The amplification can be adjusted to the user’s requirements.  [40]
This sensor has been chosen because the ultrasonic beam would seem the most reliable in diverse weather conditions. As the photoelectric sensors emit light they could be effected, but hopefully by conducting tests, they will prove that this would be the more suitable sensor for this application.

Ultrasonic direct detection sensor 
Pepperl+Fuchs
UB400-F77-E2-V31
[image: https://files.pepperl-fuchs.com/webcat/navi/productInfo/pd/b235112a.png][bookmark: _Toc7605149]Figure 26 - Ultrasonic Detection Sensor

· Miniature design
· Program input
· Degree of protection IP67
· Switching status indicator, yellow LED
 

(See Appendix B , C and D for Data sheets)




[bookmark: _Toc7605222]Chapter 3 – Research Method

[bookmark: _Toc7605223]3.1 Research Onion

The research onion was developed by saunders et al. in 2007. It was created to illustrate the stages that must be covered when developing a research strategy. The research onion shows a progressive progression in which a method of research can be designed. [56]

[image: Image result for what is the research onion][bookmark: _Toc7605150]Figure 27- Research Onion











The research onion goes through stages, and each stage is part of your research. The first step is philosophy. The research philosophy chosen will impact what research strategy will be undertaken further on in the research onion. [57]
Each philosophy stands for something different, for example the positivism philosophy generates hypotheses that can be tested and have explanations that are accepted knowledge in the world we live in. This would create a body of research than can be replicated by researchers at another point who would be able to get the same results. [58]

Interpretivism;
	“Interpretativism refers to approaches emphasizing the meaningful nature of people's participation in social and cultural life. Researchers working within this tradition analyse the meanings people confer upon their own and others' actions and take the view that cultural existence and change can be understood by studying what people think about, their ideas, and the meanings that are important to them.” [59]
These are just two of the philosophies in the research onion. As we move further in we look at the different approaches that can be taken during our research which could be induction, abduction or deduction. Deduction would mean that you start your research with a statement or question, which is then answered by the research conducted. While induction would mean that you are researching to create your own theory. [59]
Then there are the different methods, mono method is one, which is when either quantitative or qualitative data is collected rather than a combination of both. Or the multi method, where both quantitative and qualitative data is collected, but only analysed from one point of view. [59]
Then there are the different strategies that can be used for the research, strategies such as archival research which would consist of researching current data on certain subjects, or survey, which would help the researcher collect large amounts of data on any issue, this could be by doing survey online or face to face. [59]
The time horizon decides whether the researcher will be collecting data from a number or people/points at one point in time, or looking at the behaviour over a longer period. [59]
The final layer of the research onion looks at the data collection and analysis. Using all of the other layers the researcher must then decide how the data is going to be collected and what type of content will be needed to withstand criticism. [59]






The path that I have taken in this project to gather all of my research is;
Philosophy – The philosophy chosen is positivism. This was chosen as there are no current sensors on the market that are sold just for ship detection. Therefore a few sensors were chosen to be tested and give actual results on which would be the best to use.
Approach – The approach taken is deductive. Before any research was conducted I had a question of which sensors would be best to use for ship detection? The research that has been conducted and testing afterwards has been done to answer this.
Methodological Choice – Mixed methods would be used to come to a conclusion in the project. Quantitative and qualitative methods will be used such as data collection while doing the testing and data analysis once the results are available.
Time Horizon – The time horizon that is used is cross-sectional. This is because when the sensors are tested it is only looking at its performance at that one single point in time. The same tests are repeated for each sensor that is tested.
Data Collection – The data collected from the testing will be analysed and compared to the research that has been conducted. It will be looking at any problems have arisen with one of the sensors but not the other, or if there aren’t any differences at all.

 












[bookmark: _Toc7605224]3.2 Testing Method

To test the different sensors, we must see how each one reacts in different circumstances. Each sensor will be connected up via a power supply and then wired back to a multimeter. The multimeter will be able to track if the sensors changes state at any point.
[image: ]









[bookmark: _Toc7605151]Figure 28 - Testing Method


When the sensor is connected and powered up, it must be proven that it is working correctly in normal circumstances, once this is done, different simulations can begin, things that will be looked at is if the sensor gets effected in;
· Direct Sunlight
· Rain
· Heat
· Cold
· Vibration
These are the kind of weather conditions the sensors would have to withstand if the project would succeed. Hopefully there are some results that will make the decision easier/obvious for which sensor would be best suited to use.
[bookmark: _Toc7605225]Chapter 4 – Design & Implementation

[bookmark: _Toc7605226]4.1 Sequence of Events Chart

[image: ]
[bookmark: _Toc7605152]Figure 29 - Sequence of Events Chart

[bookmark: _Toc7605227]4.1 Software Design 

The software for the PLC programme will be done using TIA13. 
Using the sequence of events chart, the PLC programme was designed. Below are step by step what the PLC Programme does. 
(N/O – Normally Open)
(N/C – Normally Closed) 	
[image: ][bookmark: _Toc7605153]Figure 30 - Network 1

















Network 1 is the start of the PLC programme. The first N/O contact is for the ship approaching, this is for both the dock or ocean side. These are the photo-electric sensors that are being used for ship detection. Once the sensor is made this will start a 1 second timer, which will then go to a counter. The counter is up to five and if the timer has been activated for 5 seconds in 1 second intervals, then this will confirm that there is a ship there.
The point of having this system is to determine whether there is definitely a ship there or just an object that’s flown across the sensor, and by counting 5 seconds this would tell the programme that there is a ship there and to move on to the next step.
Once the ship is confirmed from either side, this will tell the programme to check the water levels in the ocean, dock and dock side. 

 [image: ]
[bookmark: _Toc7605154]Figure 31 - Network 2

Network two checks the water levels on all three pressure sensors. These are the steps that need to be taken to get a figure that makes sense to the user in metres. It receives an analogue input at 4-20 mA from the sensor, this is then converted into metres.
The N/C simulation gate is added into the water level sea and harbour side, this is required for the simulation to be able to overwrite the final figure and get two digital outputs set at different points, rather than have a constant varying output.
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[bookmark: _Toc7605155]Figure 32 - Network 3


On the previous page is network 3. These are the steps taken to fill or drain the dock when needed. The first step of the network is showing how the dock can be filled the N/O gate is ship confirmed, this is stating that before the system will look to fill or drain the dock, there must be a ship confirmed, and then the check water level must also be made.
A compare function is then used, this is comparing the water level sea side and water level in the dock. This function is saying that if the water level sea side is greater than the water level in the dock, then the dock must be filled. There is a N/C gate called water equal, which will stop the dock filling once the water levels become equal.
The other OR gate is Docks gates fully closed. This is for when the ship has entered the dock then it must go through the same process again but the opposite way to be able to let the ship exit.
The second stage of the network is to drain the dock. Most of the N/O and N/C gates are the same but the compare function has changed. This function is now saying is the water level sea side is less than the water level in the dock then the dock must be drained, until water is equal again.
The next two stages are both filling or draining the dock, but are looking at it from the harbour side into the dock, unlike the first two that were looking from sea side.
The final stage is to confirm that water is equal either between the harbour and the dock or sea and dock. These have had to be split separately because if the dock is filling or draining and it crosses where the water would be equal for the opposite side, then this would activate water equal which would stop the dock filling.
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[bookmark: _Toc7605156]Figure 33 - Network 4


Network 4 is to open the docks gates. For both stages of this network, there is a N/O gate that will tell the programme what side the ship is confirmed, and then another N/O gate to confirm that the water is equal between the dock, and whatever side that the ship is entering, other sensors are then used to confirm that the docks gates are fully open, which will signal to the ship (green light) that it can now enter the dock.






[image: ][bookmark: _Toc7605157]Figure 34- Network 5



















Network 5 is to close the docks gates. There will be sensors placed both as the ships are approaching and one placed inside both gates. These sensors are seen as the N/C gates ship approaching and ship entering.
They are both N/C gates as when the ship passes through the sensors they will change state to N/O, but once the ship as passed they will close again which will then move on to the next step. Once the ship has passed both sensors it will start a 5 second timer before closing the gates. If and of the two sensors are activated within that 5 second period then it will reset the timer.
Once the docks gates are fully closed on either end, it will activate sequence complete, and begin the process of checking the water levels again. This will then jump back to network 3, and go through the same proves to allow the ship to leave the dock.




[image: ][bookmark: _Toc7605158]Figure 35 - Network 6


















Network 6 shows the default values for the water levels. These are important as they are used for they will trigger the alarms. Water level high has been set at 16 meters and High/High at 18 meters, while water level low has been set at 12 meters and Low/Low at 8 meters.











[image: ][bookmark: _Toc7605159]Figure 36 - Network 7









Network 7 is mainly for the HMI screens, if any of the alarms that are within the alarms byte 102, then this will activate the Alarm LED on the home screen of the HMI.
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[bookmark: _Toc7605160]Figure 37 - Network 8



These are the alarms that will either notify the operator or stop the sequence. Compare functions are used use to check that the water level in the dock are either above or below the default values that are set in network 6. If the water level does go above or beneath the default values then this will activate the water level alarms.
The water level alarms are LED’s on the HMI but the high/high and low/low alarms are trips, if these alarms are activated at any time it will stop the sequence as the water levels are at unsafe levels or could cause damage to ships.
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[bookmark: _Toc7605161]Figure 38 - Network 9



Network 9 is looking at the hardware failures that can happen. The first warning is that the water pump is blocked. When the fill dock gate is activated, a timer function is used to count 5 minutes, if the water is not equal within that 5 minutes it was assume that the water pump is blocked.
This would be the same for the water drain, which would check to see if the water is equal within 5 minutes after it starts to drain.
The next two warnings are for the docks gates, when one of the docks gates begin to open or close, the timer will count 5 minutes. If neither the docks gates fully open or fully closed sensors are activated then this will assume that there is a problem with the docks gates and give an alarm on the HMI.



[image: ][bookmark: _Toc7605162]Figure 39 - Network 10











Network 10 is to activate run sequence. Once the docks gates have fully opened on either side then it will activate run sequence, this will then give a green light for the ship to enter the dock. There is a N/C stop sequence in the network and this would change state if certain alarms are activated.
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[bookmark: _Toc7605163]Figure 40 - Network 11


Network 11 is stop sequence. If the low/low or high/high alarm is activated then this will stop the sequence as either could cause damage to the dock or the ship. Also if either of the docks gates failure warning comes on this will also stop the sequence.

[image: ][bookmark: _Toc7605164]Figure 41 - Network 12








The sequence lights will be activated as green when run sequence is on, the green light will tell the ship it’s safe to enter or leave the dock, and the light will turn to red if run sequence goes off which will tell the ship it’s not safe or not ready to enter.

[image: ][bookmark: _Toc7605165]Figure 42 - Network 13









One the sequence has been completed and the ship has left the dock, or the stop sequence gate is activated, this will then reset the ship counter. The ship counter is in network 1 and if it is reset it will prepare the programme for the next ship. If the counter isn’t reset it will not start start the sequence again as it will be at its maximum count. The sequence will not start again if another ship approaches but a ship is still in the dock, as it will be going through the sequence already so will not do it again.







[image: ][bookmark: _Toc7605166]Figure 43 - Network 14

















Network 14 is for simulation only to demonstrate the PLC programme working. Because of the limited amount of analogue inputs that are on the PLC, two of the water level sensors will be changed to digital when then simulation button is pressed on the HMI. This network is showing what each value will be when the switch is on or off.










[bookmark: _Toc7605228]4.1.1 HMI Screens

Below are the HMI screens that have been designed for the PLC Programme. 

[image: ]
[bookmark: _Toc7605167]Figure 44 - Root Screen

Above is the root screen for the PLC programme. This will be the main user screen for the docks gates, and will give most of the main information for the user. It has a constant visual of the three water levels in the dock, ocean and harbour, this means the user can always monitor if needed.
It has lights to show which side the ship is approaching and also which docks gates are opening or closing. The alarms or warnings lights will appear if any of them are triggered, the buttons next to them will take you to their screen so that the user can see which alarm or warning has been triggered. The arrow in the bottom right corner will take the user to the override screen.
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[bookmark: _Toc7605168]Figure 45 - Override Screen

The override screen allows the user to manually operate certain parts of the docks gates. This includes opening or closing both docks gates, and also filling or emptying the dock. There is also visual of the water levels on this screen to aid the user when filling or draining the dock.
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[bookmark: _Toc7605169]Figure 46 – Warnings

The warnings screen will tell the user which part of the dock has failed. This will tell the user whether it’s the docks gates, sensors, water drain or pump has failed and would give a warning via a red light. Once the problem has been fixed the alarm will be cleared via the sensors.
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[bookmark: _Toc7605170]Figure 47 – Alarms

On the alarms screens there are high and low water level alarms, but also the high/high and low/low trips. At the bottom of the screen we have two buttons one which will set all values to default for the alarms and a simulation button that will be used for the demonstration.
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[image: ][bookmark: _Toc7605171]Figure 48 - PLC Tags












[bookmark: _Toc7605229]4.2 Implementation

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.
(This was taken from my project proposal)




[bookmark: _Toc7605230]4.3 Experiment Requirements

These are the required pieces of hardware needed to do the experiment.
Thru-beam sensor 
Pepperl+Fuchs
BB10-P-F1/25/33/35/103/115-7m

· [image: https://files.pepperl-fuchs.com/webcat/navi/productInfo/pd/b234790a.png]Single-beam miniature photoelectric sensor, ideal for installing in frames or contours
· Integrated circuit
· Plug-in style housing for 13 mm hole
· Narrow opening angle, suitable for mounting in pairs
· Various frequencies for avoiding mutual interference (cross-talk immunity)
· Light on version
[bookmark: _Toc7605172]Figure 49 - Thru Beam Sensor

RS PRO Retro-Reflective Photoelectric Sensor
RS Stock No: 729-5191
· [image: Main Product]Cost effective alternative to leading brand miniature sensors[bookmark: _Toc7605173]Figure 50 - Photo-Electric Retro-Reflective

· Standard 25.4mm mounting hole spacing (bracket supplied)
· Diffuse sensing versions offer adjustable sensitivity
· Dual LED status indication 
· Easy alignment with visible light spot
· Retro-reflective sensors are supplied complete with reflector

Ultrasonic direct detection sensor 
Pepperl+Fuchs
UB400-F77-E2-V31
[image: https://files.pepperl-fuchs.com/webcat/navi/productInfo/pd/b235112a.png][bookmark: _Toc7605174]Figure 51 - Ultrasonic Detection Sensor

· Miniature design
· Program input
· Degree of protection IP67
· Switching status indicator, yellow LED
 

Fluke Multi meter
[image: Image result for fluke multimeter]The multi meter will be acquired from work.[bookmark: _Toc7605175]Figure 52 - Fluke Multimeter














Power Supply

[image: Image result for laboratory power supply]The power supply will be acquired from the calibration      laboratory at C&P Head Office.[bookmark: _Toc7605176]Figure 53 - Power Supply











Cable
[image: Image result for 3 core 1.5]This cable will be acquired from work. 
Along with terminal blocks, and rods to mount the sensors.

[bookmark: _Toc7605177]Figure 54 - Flex




[bookmark: _Toc7605231]4.4 Experiment

After gathering all of the information, and acquiring all the sensors and equipment needed, the experiment can be conducted.

[bookmark: _Toc7605232]4.4.1 Testing of Photo-electric Through Beam

[image: ][bookmark: _Toc7605178]Figure 55 - Photoelectric Through Beam Sensor













The photoelectric through beam sensor were set up using two rods 500mm apart.  The set up was fairly basic. It consisted of a power supply (24v), and then a meter connected to give a visual of the switching. 



[image: ]


This is the set-up of the experiment. Both the emitter and receiver and cable tied up two rods that are planted into the ground. The meter is connected across the switch, to watch the continuity come in and out when the sensor is broken.



[image: ][bookmark: _Toc7605179]Figure 56 - Set-Up




On this type of photoelectric through beam sensor, the switch is made when in normal operation, and is then broken when something crosses the beam. Earlier in the report it was said that direct sunlight could affect the light beam, so it was interesting to see the results.



[bookmark: _Toc7605180]Figure 57 - Meter before beam is broken



Results

Normal – In normal operation, the sensor worked perfectly without any problems as expected. A metal plat was used to break the sensor and was tried a few times to check that the switch was operating correctly.

Direct Light – Using a big flashlight, this was shone into both the emitter and receiver to see if it would affect the light beam. The sensor was not affected and worked correctly afterwards.
[image: ][bookmark: _Toc7605181]Figure 58 - Flashlight used for experiment










Water/Rain – The water did not affect the beam by just passing through the middle, or when it was near to the receiver. But when the water was pouring near the emitter the switch was switching on and off that erratically which was showing that the water was effecting this sensor.

Vibration – While both rods were vibrated there was no change in state on the switch, and the sensor reacted well to vibration without being affected. 



[bookmark: _Toc7605233]4.4.2 Testing of Photo-electric Retro-reflective
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[bookmark: _Toc7605182]Figure 59 - Photo-electric Retro-reflective



Above is the photo-electric retro-reflective sensor. The sensor consists of an emitter and a reflector. The reflector returns the beam back to the emitter that then changes to a receiver when needed. Earlier in the report it was suggested that the reflector could be a problem from direct sunlight and rain.







[image: ][bookmark: _Toc7605183]Figure 60 - Reflector opposite emitter




The reflector was set up directly opposite the emitter, and had to be in the correct area for the emitter/receiver to detect the beam back.





[image: ][bookmark: _Toc7605184]Figure 61 - Lights on emitter


 This sensor had a visual light to be able to tell if the beam had been broken or not. The green light on the left shows that there is power, and the orange light on the right shows that the sensor is healthy. If the orange light is not visible then the sensor is detecting an object.






Results

Normal – After setting the sensor up, the sensor was tested using a metal plate to show that it was operating correctly. This was repeated numerous times and the sensor worked correctly everytime.

Direct Light – The flashlight was directed at the emitter for a period of time on and off, and towards the reflector on and off. The sensor didn’t change state once and was not affected by this test. The image below shows the sensor unaffected by the light shining at the reflector.
[image: ][bookmark: _Toc7605185]Figure 62 - Flashlight shining at reflector


















Water/Rain – The sensor was unaffected during this experiment. The water was poured over the emitter/receiver, and also over the reflector and there was no change in state for the sensor. Below are images of the experiment and the light still on the sensor even with the water.
[image: ][image: ][bookmark: _Toc7605186]Figure 63 - Water pouring over emitter with no affect










[bookmark: _Toc7605187]Figure 64 - Water over reflector


Vibration – The sensor was only affected by extreme movement in the studs, but this can be rectified by using a bigger reflector, and on a solid, flat material.









[bookmark: _Toc7605234]4.4.3 Testing of Ultrasonic Proximity Sensor


[image: ][bookmark: _Toc7605188]Figure 65 - Ultrasonic Sensor

















This is the ultrasonic proximity sensor. This sensor uses a special sonic transducer that can emit and receive the soundwave when needed. Because the ultrasonic sensor uses soundwaves, it was expected that this would be the best option earlier in this report. 






[image: ][image: ][bookmark: _Toc7605189]Figure 66 - Ultrasonic sensor in made state

[bookmark: _Toc7605190]Figure 67 - Ultrasonic sensor in normal state
Above are the images showing the sensor in its normal state on the left. Which shows that the switch is normally open on this sensor, and on the right it shows that the sensor shows continuity when it has detected something.

[image: ]


The sensor also had a visual light that would only come on if the sensor has detected an object.

Results
Normal – The sensor was tested under normal circumstances and operated correctly throughout. A metal plate was used to go across the sensor and see it switching. This was repeated numerous times to prove that the sensor was working correctly.

Direct Light – Flashlight was directed straight at the emitter for the sensor and there was no change. The light did not affect this sensor. Below is a image of the flashlight shining at the sensor.
[image: ][bookmark: _Toc7605191]Figure 68 - Flashlight shining at sensor



















Water/Rain – Water was sprayed in front of the emitter and this was causing it to change state. As the water passed through, the sensor was switching on and off erratically. Below is an image showing the water sprayed in front of the sensor and the light on the emitter itself showing that it is detecting an object.
[image: ][bookmark: _Toc7605192]Figure 69 - Water/Rain on sensor














Vibration – Vibration did not affect the sensor in any way.






[bookmark: _Toc7605235]Chapter 5 – Evaluation

[bookmark: _Toc7605236]5.1 Comparison

Experiment.
Normal Circumstances – In normal circumstances, as expected, all of the sensors worked correctly and reliably. It was important to check that the sensors were working correctly before adding any factors, to make sure there were no problems with it before.

Direct Light – Direct light didn’t affect any of the sensors. This was done by using a large flashlight and shining it at the emitter, receiver and reflector from different angles to see if it would affect the beams. The purpose of this experiment was to check that the light beam emitted by a photoelectric sensor wouldn’t be affected, especially using a reflector.

Water/Rain – The water/rain did affect two of the sensors that were tested. The photo-electric through beam and the ultrasonic proximity sensor was affected by the water. 
The photo-electric through beam sensor was affected when they water was pouring on the emitter. This was causing the sensor to change state erratically on and off. When the water was poured in between the emitter and receiver on the beam or on the receiver, it was not affecting the senor.
The ultrasonic proximity sensor was affected when the water was pouring through the beam and not on the emitter. Again, the sensor was changing state erratically on and off and continued until the water was removed.
The photo-electric retro-reflective sensor was not affected by water which was surprising. Because of refraction it was a possibility the light beam could be affected with water on the reflector but this was not the case. 

Vibration – Vibration did not affect any of the sensors. The photo-electric retro-reflective was affected if the reflector was moving but if these sensors were installed the reflector would be on a solid flat surface where vibration wouldn’t be able to move it.

Chosen Sensor – After doing the experiment there wasn’t much difference in any of the sensors but there was with the water experiment. The retro-reflective photo-electric sensor was the only sensor that wasn’t affected by the water and as a result will be chosen for this project. 
What must be taken into account is that these sensors were bought for research purposes only as the ones that would be installed would be a lot bigger and expensive, but the concept still works the same for each. 
If the project does go ahead after the proposal, which make or model sensor will then needed to be looked at, taking into account calibration schedules, life span, and general maintenance.


[bookmark: _Toc7605237]5.2 Aims and Objectives Met?

The aims and objectives of the report was to be able to assist to provide a comprehensive proposal to the harbour to fully automate it.
I think most of the aims and objectives have been met as there was a lot of research conducted about which sensors would be best suited for the type of area it is needed. This included looking at various different sensors and how they work, and then choosing three that seemed the most likely to work, then they were tested in an experiment to see if anything affects these sensors.
The PLC programme has been written and should work for the basic operation of the docks gates, but none of the other safety features from around the harbour which would give full remote operation were included as these would be in a separate programme.
The obstacles that are faced every day at a harbour wasn’t touched on enough and will be something that will have to be looked at in more detail before being able to make a comprehensive proposal.
This project was there to be research a specific part of the main works that would need to be done, and to aid the company in coming up with a proposal for the harbour that is based on research and evidence rather than guesswork. As other colleagues have been tasked with other parts of the project, all of these reports would be brought together to write the final proposal.

[bookmark: _Toc7605238]Chapter 6 – Conclusion and Recommendations

[bookmark: _Toc7605239]6.1 Conclusion

Chapter 1, Introduction – The introduction to this project was to inform the reader what this project was about, the current set-up, timescales and what the aims and objectives were. I think this part of the project was clear and gave the reader a better understanding about the background of the project and how it come about. It also states the aims and objectives which will tell the reader what is trying to be achieved. The timescales were here to try and bring targets to myself that would make the process of writing the final report easier.

Chapter 2, Research – This part of the project is where most of the research was conducted. It looked at the various different sensors that can be used for an array of different situations, and looked at what would be best for this project. It also looked at research that has already been conducted in this field with PIANC and different projects that they have done in this sector. The socio-economic impacts of this project were looked at also and what type of affect it would have on the workforce.

Chapter 3, Research Method – Chapter 3 looked at the method that was taken with the research I had done. Analysing the research onion and explaining which parts were used step by step would have helped the reader gain a better understanding as to which angle I was coming from with the research conducted. It also looked at the testing method that would be used in the experiment.

Chapter 4, Design & Implementation – Chapter 4 is where the PLC programme was built, it is explained step by step for the reader to follow it from start to finish. How the project would be implemented was also stated in this chapter explaining how phase implementation would be the best option. The experiment was also done and the results are shown and explained.

Chapter 5, Evaluation – The evaluation looks into more detail at the results the experiment had given me. Explaining why the sensor that was picked was eventually chosen, and comparing each of the three sensors from their results.
Chapter 6, Conclusion and Recommendations – Chapter 6 concludes what each chapter was trying to bring across to the reader by going back through each one and explaining what was trying to be achieved. Also any recommendations that I would give myself if this project was to be done again.
Chapter 7, Reflection – This chapter is looking at what I have gained myself from the project.

[bookmark: _Toc7605240]6.2 Final Conclusion and Improvements

I think that the report was structured correctly that made it easy for the reader to follow the project growing and everything being added to bring the final report. I’m happy with the outcome of the report as it will aid my company to be able to come up with a comprehensive proposal based on research and evidence.
The PLC programme that has been built would also look good if it could be tested in the field for proof of concept but this was not possible just for this report.
If I was to do this project again I would concentrate much more on the research at the beginning without looking at anything else, this took me a while so time keeping and sticking to targets would also help myself write this report.
It would have been nice to get a proof of concept and be able to test the sensors/PLC Programme in real life situations, this must be organised better on my part. After contacting PIANC I was invited out to Antwerp to look at their set-up but had to decline the offer because of work commitments, this again would have aided me and seen a fully automated harbour.









[bookmark: _Toc7605241]Chapter 7 – Reflection

[bookmark: _Toc7605242]7.1 What did I gain from this project?

This project has given me a better understanding of how harbours work, and the type of equipment and planning that has to be put in to be able to fully automate a harbour. All of the different situations that happen every day have to be taken into account, and then covered by cameras/sensors etc. It was a good project to go with as I had no knowledge of how a harbour works or the roles that are required to make sure it runs smoothly. So this has given me a lot more knowledge on the subject should any future enquires come in to C&P Engineering.
Using the TIA13 software has also benefited me as before this project I have only used it once before for an assignment, so to build my own programme and to try and achieve what I wanted the programme to do was good. This has also helped myself in work as I can be a help on design projects that are being done using these types of PLC’s.
Before writing this report I had never done the amount of research that was needed to do this, but it has given me a different outlook on how to do research in a more productive manner and filter what information is useful and what isn’t.
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[bookmark: _Toc7605245]Appendix A

[image: Datasheet 6ES7211-1AE40-0XB0
SIMATIC S7-1200, CPU 1211C, COMPACT CPU, DC/DC/DC,
ONBOARD I/O: 6 DI 24V DC; 4 DO 24 V DC; 2 ...]
[image: Usable memory for user data 30Â kbyte
Work memory
â�� Integrated 50Â kbyte
â�� expandable No
Load memory
â�� Integrated 1Â Mbyte
â�� ...]


[image: Number of digital inputs 6; Integrated
â�� of which, inputs usable for technological
functions
6; HSC (High Speed Counting)
...]


[image: Output delay with resistive load
â�� "0" to "1", max. 1Â Âµs
â�� "1" to "0", max. 3Â Âµs
Switching frequency
â�� of the pulse output...]


[image: â�� PROFINET IO Controller Yes
PROFINET IO Controller
â�� Prioritized startup
â�� Number of IO Devices, max. 16
Communication fu...]


[image: â�� Galvanic isolation digital outputs 500V AC for 1 minute
â�� between the channels, in groups of 1
Permissible potential dif...]


[image: â�� horizontal installation, min. -20Â Â°C
â�� horizontal installation, max. 60Â Â°C
â�� vertical installation, min. -20Â Â°C
â�� vertic...]
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Photo electric through beam.
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Retro-Reflective, Photo electric through beam.
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Ultrasonic Sensor.
[image: ]
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Specifications

Attribute Value

Sensor Style Block

Detection Type Retro-Reflective

Detection Range 72m

Output Type NPN

Electrical Connection Cable

Maximum DC Voltage v

Optical Technology LED, Phototransistor g

ReaLin £
B

1P Rating (4

Maximum Current 100mA

Response Time <625us

Housing Material ABS, PC

‘Standards Met CE, £348498, NRKH7, RoHS Compliant, UL Listed (NRKH

Minimum Operating Temperature C

Mounting Type Flange Mount

Maximum Operating Temperature +55°C

Customers also viewed
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Basic laser scanners involve a combination of laser beams and distance measurements.

Multiple scanning mirrors are controlled by a rotary encoder to guide the beams. [1]

two dimensions requires either rotating a single

“Positioning the laser beam i

mirror along two axes or, for faster scanning, reflecting the beam onto two closely br

spaced mirrors mounted on orthogonal axes. The lasers can also be positioned in
three dimensions

shifter.” [1]

2 serve-controlled lens system known as a focus- or 2-

Generally single scans aren’t sufficient design a complete structure of the subject that is
being scanned, so multiple scans are taken and then brought together using a reference

system, with a process known as alignment or registration. [1]

Time of Flight

prej
One of the main concepts of laser scanning is time of flight. Time of flight is calculated by

using a range finder that will clock the amount of time it takes for a laser beam to travel
from the scanner to the object and back again. The formula for calculating time of flight is;

11021
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How does radar work?

Here's a summary of how radar works:

1. Magnetron generates high- 1 4
frequency radio waves.
&)
2. Duplexer switches magnetron
through to antenna. 5
Radar 3. Antenna acts as transmitter, \L

sending narrow beam ofradio .29
waves through the air <
RADAR stands for Radio Detection and Ranging. There are many different components 6
4. Radio waves hit enemy airplane
and reflect back.

5. Antenna picks up reflected waves \% -9

during a break between
transmissions. Note that the same 7
antenna acts as both transmitter
and receiver, alternately sending
out radio waves and receiving them

involved with RADAR detection, the first piece of equipment used is a magnetron. The
magnetron produces the radio waves for RADAR, the magnetron generates microwaves, but

the difference is the magnetron is sending waves many miles and not just a few inches. [7]

Next an Antenna acting as a transmitter, sends the radio waves out at the speed of I

and will keep travelling until they hit something. Then some of the beams will bounce back
toward the antenna as the reflected radio waves also travelling at the speed of light. [7]

6. Duplexer switches antenna through to receiver unit
The antenna then turns into a radar receiver, the radio waves picked up are then

7. Computer in receiver unit processes reflected waves and draws them on a TV screen.

transmitted onto a television screen via a progessor, that will show the objects around it.

8. Enemy plane shows up on TV radar display with any other nearby targets.

The antenna will keep repeating this sequence every couple of seconds, that will keep
updating the screen. The piece of equipemt that swaps the antenna between a transformer

and a receiver is a duplexor. [7]

Uses of radar

social media. You can opt in or out of cookies at any time. More info
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Difference between Infrared and night vision?

Night vision callects any avallble light i a drk ares, nd then amplifie It s tha it can be
<een by che nsked eye, wiers o nfared releson heat that e gien of any cbject. The
downfll with ight vision s tha i here v sbeoluely o ght i an ares,then there
tould be noigh to amplify which would ke the camera useles, infrared does not suffer
ehis problem as every object will ways emit ralstion/heat tha s then seen by the infared

camerajdetector. [15]

Below are the advantages and disadvantages of infrared.

[ Advantages Disadvantages
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Scan Techniques

Thru-Beam

Thru-Beam Effective Beam

A scan technique is a method used by photoelectric sensors to
detect an object (target). In part, the best technique to use
depends on the target. Some targets are opaque and others are
highly reflective. In some cases it is necessary to detect a
change in color. Scanning distance is also a factor in selecting a
scan technique. Some techniques work well at greater
distances while others work better when the target is closer to
the sensor.

Separate emitter and receiver units are required for a thru-beam
sensor. The units are aligned in a way that the greatest possible
amount of pulsed light from the transmitter reaches the
receiver. An object (target) placed in the path of the light beam
blocks the light to the receiver, causing the receiver’s output to
change state. When the target no longer blocks the light path
the receiver’s output returns to its normal state.

Thru-beam is suitable for detection of opaque or reflective
objects. It cannot be used to detect transparent objects. In
addition, vibration can cause alignment problems. The high
excess gain of thru-beam sensors make them suitable for
environments with airborne contaminants. The maximum
sensing range is 300 feet.

Emitter Receiver Emitter Target  Receiver

ST el

Light Path
Blocked

The effective beam of a photoelectric sensor is the region of
the beam'’s diameter where a target is detected. The effective
beam on a thru-beam sensor is the diameter of the emitter and
receiver lens. The effective beam extends from the emitter lens
to the receiver lens. The minimum size of the target should
equal the diameter of the lens.

Transmittor Rocoivor

Effective Beam

209 | assbcer assbeed AQB
< | Hedng? Headings T =

Clipboard Font 5 Paragraph 5 Styles 5

Photoelectric Through Beam Sensors

‘The through beam sensors consist of an emitter and a receiver. The emitter is the light source that
creates the beam across to the receiver. If this beam is broken by any object this will then trigger the

emitter to give an output, which would alert the system that there is something there.

Thru-Beam

“Separate emitter and receiver units are required for a thru-beam Sensor. The
units are aligned in a way that the greatest possible amount of pulsed light from the
transmitter reaches the receiver. An object (target) placed in the path of the light
beam blocks the light to the receiver, causing the receiver’s output to change state.
When the target no longer blocks the

jht path the receiver's output retuns to its

normal state.

Thru-beam is suitable for detection of opaque or reflective objects. It cannot be used
to detect transparent objects. In addition, vibration can cause alignment problems.
The high excess gain of thru-beam sensors make them suitable for environments with
airborne contaminants. The maximum sensing range is 300 feet.”
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objects. It cannot be used to detect transparent objects. In
addition, vibration can cause alignment problems. The high
excess gain of thru-beam sensors make them suitable for
environments with airborne contaminants. The maximum
sensing range is 300 feet.

Roceiver itter Target  Receiver
ﬂ
Light Pat Light
Blocked

The effective beam of a photoelectric sensor is the region of
the beam'’s diameter where a target is detected. The effective
beam on a thru-beam sensor is the diameter of the emitter and
receiver lens. The effective beam extends from the emitter lens
to the receiver lens. The minimum size of the target should
equal the diameter of the lens.

Transmittor Rocoivor ‘Thru-Beam Effective Beam

The effective beam of the sensors is the region of the beams diameter where the target is detected.
‘The diameter of the emitter and receiver lens is the effective beam, the target must be a minimum
of the diameter for it to be picked up. This beam is more reliable as there are two constant beams
instead of one. [43]

Effective Beam

84

Reflective and retroreflective scan are two names for the same
technique. The emitter and receiver are in one unit. Light from
the emitter is transmitted in a straight line to a reflector and

Reflective or
Retroreflective Scan
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Retroreflective Scan technique. The emitter and receiver are in one unit. Light from The effective beam of the sensors i the region of the beams diameter where the target is detected.
the emitter is transmitted in a straight line to a reflector and The diameter of the emitter and receiver lens i the effective beam, the target must be a minimum
retumns to the receiver. A normal o a cormer-cube reflector can of the diameter for it to be picked up. This beam is more reliable as there are two constant beams
- instead of one. [43]
be used. When a target blocks the light path the output of the
sensor changes state. When the target no longer blocks the
light path the sensor returns to its normal state. The maximum Fansmitor —
sensing range is 35 feet. o
Emitier Torgot
Light Path E E
Light
Nhecaver  Rofloctor Blocked
Reflective or Retroreflective Scan
These are two names for the same technique. This works essentially the same as any other thru
. beam, but the emitter and receiver are both in one unit and a reflector is used instead. If the beam is
g;;:‘:z\elg%ceari Scan lg(ges:sfct:s rl:eeflaen:t:)sr ‘T“Ifs’;‘:ﬂf:;"n:';‘;Zel)"f’;[%’:"aergz:‘;':gﬁId blocked then the sensor changes state. The maximum range is 35 feet. [43]
equal the size of the reflector. |
Transmiter feflocior
Reflectors Reflectors are ordered separately from sensors. Reflectors
ccome in various sizes and can be round or rectangular in shape
or reflective tape. The sensing distance is specified with a
particular reflector. Reflective tape should not be used with =
polarized retroreflective sensors. Page200f20 3298 words [ English (United Kingdom) & 1 + 100%
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Proximity Sensors

For safety proximity sensors will have to be sed for the docks gates, to ensure that the gates are
fully closed or open, and if the there are any objects in the way whilst closing/opening.

Rubber sensing strips

Rubber sensing strips have been chosen to be used across the top of the docks gates. These would
be places across the top of the docks gates either side, and would give and output i these touch any
other object that could be in the way etc.

“The sensing strips consist of two layers of rubber, one with conductive and one normal
insulating rubber. A copper wire embedded in two separated layers of conductive rubber together
with a resistor at the end of the sensing strip, forms a closed circuit. If the separated layers are
pressed together there s a short-circuit, the control unit react and its outputs release. In the same
set hammer the control unit reacts to an open-circuit in the cable or in the sensing strip's copper
conductor”
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