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1 Introduction
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“Does anyone know how the radar works?”


Radar has become much more accessible for small craft in recent years. This is chiefly because the display has become smaller and flatter, and far easier to install on a small yacht or motor boat. The same technological advances have also meant that it consumes less power (a major consideration in sailing boats), and can be usefully integrated with other devices, such as GPS and chart plotters (it can even be built into the same display). It’s also quite a bit cheaper than it was (and anyway, people seem to have more money to spend on electronic gadgets!).


Radar really does have an element of magic about it. This is because it can ‘see’ things that cannot be seen by eye – in conditions when very little, or nothing, can be seen by eye – and determine a few very useful things about them, such as their exact distance and direction from the boat. On the other hand, what it tells you has limitations; and it is important to understand those limitations – and the reasons behind them – in order to use radar effectively. And with a radar system (no less than with other devices such as chart plotters), you need to know how to control the equipment in order to get a useable picture. Only a bit of learning can enable you to do this.


Most people sense this as soon as they look at a radar display. With a chart plotter, the designers have made it as obvious as possible for the user (or casual viewer) to interpret what is displayed to them on the screen, and in any case it is pretty easy to interpret as long as you have seen a chart or map before. With radar, you get a picture, sure – but it is rather different to any picture that you normally have to deal with. Although you can generally see what is going on, it is basically a slightly confusing pattern of blobs. Most people would definitely think ‘I need to understand what is going on here’, and it is for them that this book is written.


The recent technological advances have mainly been in the part of the device which processes and displays the picture. This has benefited hugely from modern microprocessing, which enables you to do almost anything with the picture that the radar detects: move it, turn it around, zoom in to areas of interest, etc. The basic technology for getting the picture, however, has not really changed very much; and it is this underlying process that you need to understand – a bit – in order to understand the picture you are getting. At the same time, I do appreciate that, generally, people reading this book will prefer to go boating than to spend ages learning about the finer points of microwave physics (or, indeed, staring at a radar screen).


So in this book I try to take a fairly direct approach to the task of getting you into a position where you can use radar. First, I explain what radar is and how it works (which isn’t very different from when it was invented in its current form in the early 1940s). Then, in Chapter 3, I explain how to operate the machine and controls to get a good picture. At this stage I deliberately ignore the more advanced and exciting functionality of modern radar, because I want to get you to a point where you can use it as quickly as possible.


Having got a picture, what do you use it for? Well, Chapters 4 and 5 tackle the practical approach to two things that the radar can help you with: collision avoidance (Chapter 4), and navigation and pilotage (Chapter 5). This, of course, is the exciting bit. Radar can give you a lot more confidence, particularly when the visibility is poor or things are confusing at night. Radar is particularly useful for less experienced mariners who might want to confirm or quantify something, for example about a ship that they can just see in the distance. Radar can tell you how big it is, and how far away.


I return to the physics in Chapter 6, and explain some of the confusion and anomalies that you can get with the picture. These are pretty much commonsense once you know about them – what happens when the radar signal is reflected twice, etc – but they are the sort of effects that you are going to get occasionally, and need to be confident in interpreting.


Chapter 7 considers some of the more advanced functions that modern radars provide, and when they might be useful. What this book can’t do, of course, is explain the controls and user interface of any particular radar system, because they are all different. But after reading this chapter you will know what you are looking for when you start reading the Owner’s Handbook for your own radar.


Chapter 8 is a very brief ‘how to’ guide for choosing and installing a radar system – principally what to look for in the performance and features of different makes and models, and the issues that need to be considered for installation.


A glossary/index, and further references are also included.


I hope that you will get a great deal of satisfaction in overcoming the initial challenges of using radar, and in building up a new and very useful skill. To begin with, you will not have anywhere near the skills and abilities of a trained radar operator, and you won’t want to rely on this device excessively (it would be mad to go out in thick fog just to see how you get on!). After a while, you will probably find that this is a very useful device for backing up other observations; and if you use it regularly you will:


■    become familiar with the control interface on your own radar; and


■    be able to place more confidence in your radar observations for collision avoidance and pilotage.


Also, you will learn more about what radar can do, and what its limitations are. This is a very useful lesson in itself, because most of the large ships we encounter use radar a great deal for detecting and avoiding small craft like our own. Learning what is involved, and seeing how well our own radar performs in different conditions, is an important lesson. At the very least, it will probably make you go out and buy a better radar reflector for your own boat!


Good luck and good boating!





2 Radar – what it does, and how it works



How radar works


Radar transmits microwaves in a narrow beam, and then detects the returning echoes of those waves from objects in their path.
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Figure 2.1 Transmitted microwaves, and the returning echo from a ship


First, a brief explanation about microwaves. The spectrum of electromagnetic waves extends from radio waves at low frequencies to visible light at much higher frequencies (and also beyond these, in both directions). Between the radio frequencies and light frequencies lie microwaves: they are officially designated as Extremely High Frequency (EHF) radio waves. As well as radar, microwaves are used for microwave ovens and communication (line of sight between those big towers you see on hills). In the sort of radar we are concerned with, this narrow beam is swept round in a horizontal circle, so that echo returns (also known as targets, betraying radar’s military origins) can be detected all round the boat. These returns are then shown on a display.
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Figure 2.2 The electromagnetic spectrum from radio to x-rays


The picture on the display is essentially a plan view from directly above your vessel and the surrounding targets, like a chart. It gives a representation of the angle and range of the targets detected. In its basic version, the boat’s radar is at the centre, the boat’s heading is straight up the screen at the 12 o’clock position, and you get a circular picture of the targets around you. This kind of picture is sometimes known by the technical term plan position indicator, or PPI.
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Figure 2.3 Basic radar display. Plan view with own vessel at the centre
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Figure 2.4 Basic radar display on small monochrome system



Understanding what a radar does



When you look at a chart plotter, you are shown a great deal of information about the surroundings: coastlines, shape of the nearby land and, of course, the depth of the surrounding water. All of this comes from stored data − someone else’s knowledge about the geography of the area − plus just one other important piece of information that your vessel has ‘sensed’: its own position, derived from satellite radio signals by the GPS receiver on board.


The radar picture is totally different. Everything in the displayed picture is actually sensed by the beam sweeping round the boat. (I exclude symbols, lines and other data which are added in by the processor: marker lines, data boxes, chart overlays, etc.) This means that, in one important respect, this picture is more useful than the chart plotter’s: this is the real thing, detected now, rather than being information from a database. On the other hand, the overall picture is less obvious to interpret, because only the radar-detected information is presented, and there are limitations both to what can be detected and to what you can know about an object detected in this way.


This is why you have to understand the radar sensor – what it can and can’t do – in order to interpret the picture.


There is a great temptation to lose patience with this. For example, you know there is an island over there. The chart plotter will show its exact shape all round (it will even tell you its name!) and anyway you will recognize it easily on the display from its shape and your knowledge of the area.
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Figure 2.5 Chart plotter display
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Figure 2.6 Corresponding radar picture


The radar, however, gives you a confusing smudge representing the edge of the island and nothing else − certainly not the coastline on the remote side of the island, and so not its overall shape. Worse than that, there are gaps in the smudge and its edges do not even coincide with the charted coastline. Well, this is a waste of time, isn’t it? Just use the chart plotter.


But remember the power of really sensing something that’s actually there. In this respect, it’s just like seeing it. A blurred and indistinct visual sight of the coast can be confusing, but we trust it more (and rightly so) than the chart. In the same way, the radar ‘sees’ what’s really there, today: including, for example, other vessels and things that the chart maker didn’t know about.


How radar ‘sees’


As previously explained, radar uses microwaves; but ‘seeing’ with radar is analogous to sweeping a strong searchlight around us in the dark and recording when it detects something. In some respects it is better than that: it can ‘see’ through fog, not just the dark, and it can also work out the exact distance of the object detected. Its range is also considerably greater than most searchlights.


On the downside, radar can’t see the detected object’s detail or shape with any great precision. Anything in the beam of the ‘searchlight’ is recorded as a target (a blob on the display) whilst it is in the beam; and because the beam is relatively wide at its outer end, more distant targets are also quite wide on the display. The advantage that we have when actually looking at some object picked out by a real searchlight (i.e. seeing its colour and detail, which our eyes do by focusing and analyzing the light that’s returned), is not available to radar. And exactly as with the searchlight, radar can’t see over the horizon, and can’t see anything that’s hidden behind something else. Radar sees the ‘face’ of the things it picks out as returns − just the surface that’s turned towards it.


Grasp those facts and you’re almost there.
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Figure 2.7 Comparison between radar picture and binoculars



Getting technical



There are limitations to the analogy of a searchlight beam, useful though it is. The actual technology of a radar beam is really quite simple to understand (if not to engineer).
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Figure 2.8 How radar measures and displays target distance



Measuring distance



You might wonder how radar actually measures the distance to the target. What it does is use pulses of microwave radiation rather than a continuous beam. It then times the interval between sending a pulse out and detecting the reflection of that pulse from the object – rather as you might time the interval between a shout and its echo off a cliff. From this time interval, the distance of the returning object can be determined by a simple formula:


distance = speed x time


where distance travelled by the reflected pulse (i.e. twice the range of the object) = speed of light x the time interval recorded (from send to receive).


(Interestingly, GPS also uses the speed of light to calculate distance from each satellite, and thereby determine our position.)


Measuring direction


The radar beam (as a rapid series of pulses) is swept around in a circle just as in our searchlight analogy. The radar knows the direction of a return, because it knows where the scanner is pointing when it receives the return: relative, of course, to the platform (the boat) that the scanner is attached to.


Basic radar picture display


In the basic radar display, targets are shown at the same angle from the vertical ship’s heading line that the scanner is pointing in when they are detected. The picture is, in fact, painted in a line sweeping round the screen like a clock hand, exactly as the scanner itself sweeps round. The targets are shown on the display at a distance from the centre corresponding to the target range, so you get a ‘view from above’ of the targets around you, with your own boat at the centre.
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Figure 2.9 Detecting a target with a radar beam. If the object is small, displayed target will be the same ‘width’ as the beam.



Beam width



However, the beam has a finite angular width. Anything in the beam is recorded as a return for the whole time it is in the beam, so a narrow target is spread in the direction of the circular sweep, showing a wider return on the screen than the actual width of the object. Also, the radar will not be able to distinguish between two objects at the same range which are in the beam at the same time. And when it comes to measuring the bearing of the target, the precision of this measurement depends on the width of the beam.


So it is desirable to have a beam which is narrow in the horizontal direction. It is, however, much wider in the vertical direction so that targets can be detected quite close to the boat, and they will be detected even when the boat is rolling.


Picture stabilization


The measurement and display of direction works well if the boat is absolutely steady, but can be less than perfect on a small boat in a rough sea, when its heading is changing quite a lot. (After all, it’s not very easy to use binoculars or take bearings in that situation, either.) In this case, the basic radar picture will twist back and forth as the boat does (and in the opposite direction): the return on the first sweep is placed at position A, and on the next sweep the same object will seem to the radar as if it is in position B. To say the least, this can be extremely confusing when using and interpreting the picture.
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