                          Instructor’s Kit

                                             Introduction
History 

Just as orienteering itself, special maps made for orienteering originated in the Nordic countries. To begin with small corrections were made to official maps, but soon special orienteering maps were produced. The first multi colour orienteering map was made in Sweden in 1955 and by the late fifties many maps were being made, especially in Norway. The quality varied greatly, because every ‘mapping expert’ had his own methods and used his own symbols. In 1961 the first mapping committees were formed in Norway and Sweden to co-ordinate and standardize mapping for orienteering. Already at this stage it was obvious that an international body was necessary to deal with mapping problems and standardization. At the IOF Congress in 1965, the first IOF mapping committee was appointed, with Jan Martin Larsen, Norway, as chairman, and work on the first international drawing specifications for orienteering maps commenced. 

In 1969 at a mapping conference in the then Czechoslovakia, attended by representatives of 12 IOF member countries, the map committee’s proposal for these drawing specifications (a trial print had been made in 1967) was discussed and accepted: orienteering was now a real international sport. 

These ‘International Specification for Orienteering Maps’ had an important impact on the development and appearance of orienteering maps throughout the world. However experience with the first specification showed the need for certain changes, in order to improve the legibility of the map and to give a more comprehensive representation of the vegetation. In 1975, a new, more detailed and comprehensive version of the specification was accepted by the Congress in Bosjön, Sweden. The specifications we are using now represent the second revision of the 1975 edition and were approved by the Congress in Cambridge, England in 1990. 

A new revision to the specification is being discussed and it is planned that this revision will be published in 2000. 

Orienteering is now an established international sport with competitions all over the world. It is very important for the future expansion of the sport and essential for fair competitions, that the maps should be produced in accordance with the drawing specifications and that interpretation of the symbols should be as consistent as possible. This is the main task of this Instructor’s Kit. 

Since the first publication of this Instructor’s Kit many technological developments have taken place which affect the way orienteering maps are made. Some of these technologies are now firmly established in the production of O-maps, others will no doubt become the norm with further improvements, increased availability and reduction in costs. New sections to the text cover these new practices while some of the traditional ones are now mentioned only in brief. 


How to use this Instructor’s Kit 

The Instructors’s kit consists of three resources: the text, the slides and the photographs. 

Text: The text (which you are currently reading) is provided to give the Instructor background material for the course, it is not intended to be presented directly to the students on screen. 

Slides: These are the main resource used by the Instructor during the course, in the previous revision they were provided as overhead transparencies (OHP’s), now they can be used directly from computer or printed on film to produce overhead transparencies. A few of these slides will need to be printed on paper for either classsroom exercises or reference material for the students. 

Photographs: A set of photographs are provided, the majority of these show examples of features in the terrain and can be used for discussion on how these would be mapped, the remainder show examples of materials and equipment used in the map making. 

                              Map design
Introduction 

Before looking at the various stages in the production of an orienteering map, it is useful to look at the overall design of a map and the numerous disciplines that will influence the final map. 


The Cartomium 


E.S. Bos in trying to identify cartography as a science / technology in its own right developed the cartomium - a model showing all the areas of influence in map design. Those components at the centre of the cartomium can be considered cartographic while those around the periphery are allied to other disciplines that exert influence over cartography. Many of the peripheral components influence several of the map design components, for example the visual perception field will influence: map content, symbol design, generalization and map layout; hence there are no specific links shown within the cartomium. 

The main components of map design are: map content, symbol design, generalization, layout and map production planning.

· Determination of the map content is largely dependant on map scale, the intended use of the map, the available spatial data, 

· together with the marginal information. 

· Generalization is the process of a consistent representation of the content in accordance with the map scale and purpose. 

· Processes of simplification, exaggeration, displacement and selection will need to be applied. 

· All map attributes must be bought together in a well balanced way, keeping in mind aspects of perception and aesthetic norms 

· as well as costs and map application. This is the process of designing the layout of the map. 

· Symbol design is the translation of information to be mapped in graphical symbols. Several of the peripheral disciplines 

· influence the design of map symbols including: graphic arts and in particular the graphical variables component (the variables consisting of form, orientation, colour, density, value and size), visual perception on aspects of visibility and legibility, and 

· the spatial data when considering the map content. 

· Map production planning deals with the technological and economical aspects. It is related to the other core components but 

· most importantly these days to the technology discipline and the ever changing technologies used to assist in the map 

· production. The aspect of cost cannot be ignored for a map is only viable if the customer is prepared to pay for it. 

The peripheral disciplines are not specific to map design but influence the final product.

· Spatial data is collected by various means including field survey, GPS and photogrammetry and digital processing. Although not part of the actual map design without this data there would be no map. 

· Maps are always made for society, for a more or less well defined users’ group, and maps therefore have a specific application. It is this application that results in map conditions, these conditions are often global in character and are confined to conceptual and accuracy specifications, to map projection criteria, name spelling and certain costs. 

· Visual perception, in general terms, is related to the perceptual reaction of the map recipient to the information presented to him in graphical form. 

· Graphic arts are associated with the design and creation of an image and are limited to the various aspects of graphic design and visual communication. 

· Technology is continually refining the methods used to produce a map. The three main areas of technology that are associated with cartography are: graphic construction (drafting), graphic reproduction (printing) and digital processing. Digital processing 

· includes all computerized technology needed in data storage, data processing and data presentation. Digital processing techniques are additional to graphic construction and reproduction, or may partially or entirely replace them. 

Some of the components defined in the cartomium are of no consequence to orienteering map design. These include: map projection - how spatial data on a curved surface is represented on a flat surface (the map) and spelling - the translation of place names between languages. 

Other components such as symbol design and to a lesser extent map content are pre-defined through the IOF’s publication -International Specification for Orienteering Maps. 

There are some components which have no distinct boundaries such as the collecting of spatial data and generalization, the mapper will generalize the shape of the land while in the field. 


Communication 


The main purpose of the orienteering map is to convey to the user as much information as is necessary to navigate as fast and accurately as possible between the controls on a course. This requires the user to interpret the land form, the features and the runnabilty along the route and for his interpretation to be close to reality. 

The map is therefore a communication tool with the mapper trying to communicate with the user through a graphic medium (the map). There are four discrete stages in the communication process: 

· Collecting and selecting the data for mapping 

· Manipulating and generalizing the data, designing and constructing the map. 

· Reading and viewing the map 

· Responding to or interpreting the data. 

In orienteering, the mapper interprets the terrain, features and runnability as he sees them in the field and translates them into a map. The user reads this map to gain an impression of the terrain, features and runnability. As the user passes through the terrain he compares reality with his expectation. Depending on the competence of both the mapper and the user the closer the users expectation with reality will be. Where the competence of either the mapper or user is low the difference between the user’s expectation and reality will increase. One way of increasing good communications between the mapper and user is for the user to be fully conversant with the mappers symbology used on the map - hence the International Specification for Orienteering Maps. 

A competent user will be able to make allowances for small errors in the map or in his interpretation as there will generally be sufficient good areas of agreement that the errors can be compensated. This is analogous to a communication signal where a signal is transmitted but noise en route causes a few letters be lost, provided enough letters are received the receiver can still read the message. The more letters lost on route the more difficult it is to interpret the message, there comes a point where it is impossible to understand the message! 


Generalization 

The Cartomium model defines symbol design as one of the important disciplines of map design. For orienteering maps a common symbology is used throughout and is defined in the IOF publication ‘International Specification for Orienteering Maps’. 

The ‘International Specification for Orienteering Maps’ has been written to ensure a legible map with a common ‘map language’ that can be applied to all terrain types throughout the orienteering world. It includes the following: 

· Map Scales. 

· Contour Intervals. 

· Map content - type and minimum size of features to be mapped. 

· Symbol representation of features including: shape, dimensions, minimum dimensions where appropriate and colour. 

· Acceptable combination of area screens. 

· Minimimum graphical dimensions. 


Once familiar with the contents of ‘International Specification for Orienteering Maps’ it will become apparent that the fieldworker must be selective in the features that are mapped and the level of generalization required. On no account should features smaller than the minimum sizes be included on the map and on terrains with much detail the minimum size of features included may need to be increased, the mapper must ensure consistency across the entire map. 


 
A large number of map symbols have minimum dimensions (either explicitly defined or implied from the minimum graphical dimensions). It should be remembered that the minimum symbol size equiates to a size in the terrain. If features are to be mapped that are smaller then the map symbol exaggerates the size of the feature! 


Line and point symbols on the map often take up more space than the feature occupies in the terrain. For example: a road or path occupies more space on the map than it real width, small buildings are alway mapped and must be shown with the minimum size building symbol, other pont features such as pits and boulders occupy far more space on the map than they do on the map. 

When a number of point symbols are in the same locality they must be displaced though retaining their relative positions for them to remain legible.
Care should be taken with their positions relative to other features nearby. 


Where two symbols would occupy the same space on the map one of them must either be displaced or part of a linear symbol may be cut. 


Obvious junctions or bends which if drawn to scale would not be noticable on the map should be exaggerated. 


When two similar adjacent features are of different size but should be both shown with the minimum dimesions then the larger feature should be shown exaggerated. The orienteer would view two different size features in the terrain and would expect them to be shown on the map as two different sizes. 

                              Base map
Introduction 


The base map can be produced from a single source or a compilation from several sources. Possible sources for base map materials:

· Official maps at large scales 

· Air photographs 

· Orthophotographs 

· Forestry maps 

· Planning maps 

· Digital map data 

· Photogrammetric plots 

· Previous orienteering maps 

In general always use the best available materials - the base map with the largest number of relevant details and the greatest accuracy. The final base map should be compiled on or copied onto polyester film - a stable medium even under varying conditions of temperature and humidity. 


Official maps at large scales 

Photogrammetry is an important part of modern topographical mapping. Basic survey carried out by government map agencies in nearly all countries is now done from air photographs using stereo plotting. 

They show the man made features very accurately, but at the most common scales (1:25000 and 1:50000) a lot of detail is omitted and the contours, especially in the wooded areas, are not very accurate. 


Air photographs 


The main use of air photography is for photogrammetric plotting, though it can also supplement the information on other base maps, if used with care. 

The information available from an air photograph depends on many factors: atmospheric conditions (haze and pollution), time of year, time of day, type of vegetation cover, type of camera, flying height, etc. 

Negative size (format) - The standard negative size of air photographs is 23cm x 23cm (9" x 9"). Different sizes are sometimes found depending on the type of camera used, for example 18cm x 18cm (7" x 7"). Contact prints are produced on paper or film (diapositives) for mapping purposes. A panel along one edge of the photograph records camera information, although this may not appear on prints. 


Focal length of camera - The distance from lens to film is accurately calibrated in aerial cameras, 152.23mm is common. This information is essential for anyone using stereo plotting equipment. 

Camera angle - There are three basic camera angles: 

· Narrow angle (60°) - from a given flying height, this camera produces the largest photo scale. 

· Wide angle (90°) - this is the most commonly used camera. 

· Super wide angle (120°) - this camera gives the maximum coverage from a given flying height. It is not often used and would not be chosen for O-mapping. 

The impression of relief (the 3D effect) depends on the distance between camera stations and the flying height - the base to height ratio. The shorter the base in relation to the height, the flatter the ground will appear. Thus, narrow angle photography gives relatively poor stereo viewing while super wide angle photography gives an exaggerated picture of relief. 


Photo scale - The optimum photo scale for O-mapping is about 1:15000 (double scale of the base map). The scale is expressed as the ratio between the focal length of the camera lens and flying height above ground level (not sea level).

Thus for air photographs at a nominal scale of approximately 1:15000 the aircraft would fly at approximately 2300m above the ground. The scale of each part of the photograph depends on the ground level - the closer the camera, the larger the scale. Thus the scale varies continuously across the air photograph. 

Camera axis - For mapping purposes the axis of the aerial cameral must be near vertical (± 3°). If tilts are greater than ± 3° the photographs will probably not be usable in most stereo plotters. 

Oblique photography is also flown. The camera axis is deliberately tilted to give a wider panoramic view and may include the horizon. Such photographs are not used for mapping. 


Stereo cover - To observe the ground in three dimensions, each point must appear on at least two photographs. To ensure this the flight paths are flown to give 15% lateral overlap while the camera is electronically timed to take photographs giving a 60% longitudinal overlap. These overlaps allow for slight mistiming, camera tilt, changes in relief and slight changes in flying altitude. 




Distortions - When using aerial photographs it must be remembered that a photograph is a distorted picture of the ground with some detail considerably displaced from their true position. The displacements arise from two sources: differences in relief and camera tilt. 

The effect of relief or tilt displacement varies continuously over the photograph. There are situations where:
displacement will be small with 

· flat terrain 

· vertical axis at the centre of the photograph (relief displacement is radial from the centre of the photograph) 

displacement will be considerable 

· in hilly terrain 

· at the edges of the photograph 

The transfer of detail from photograph to map without the use of sophisticated equipment is only approximate. Direct tracing produces significant errors and, therefore, is not advised. However, providing there are sufficient identifiable features on photo and map, reasonable accuracy can be obtained over small areas. It is important that any detail sketched in this way is checked on the ground. There are graphical techniques of plotting detail to remove displacements due to relief (radial line plotting) or tilt (paper strip or grid method) but not both at once. They are time consuming and mainly applicable to map revision and are not covered here. 


Stereoscopes - To examine a pair of photographs stereoscopically a device for viewing them is required. The simplest is the lens stereoscope. It is compact and small enough to be folded and slipped into the pocket. It consists of two lenses and two pairs of mirrors mounted on a stand. The separation of the lenses is adjustable to match the user’s eye base, the pairs of mirrors are used to seperate the lines of sight to enable a pair of photographs to be placed side by side. To use the stereoscope, the photographs should be placed on a well lit and flat surface with the overlapping parts side by side. The stereoscope is placed over the photographs and their separation and rotation is adjusted until the same area is viewed through each lens. When the position is correct the ground should appear sharply and comfortably in three dimensions. Anyone with normal binocular vision should be able to use a stereoscope satisfactorily. 


Ortophotographs 

In many parts of the world orthophotographs are available. These are photographs corrected for both relief and tilt and are at a specific scale. The orthophotograph is produced by re-exposing the original photograph in narrow strips in an adapted stereo plotter. It can be used as an accurate base map although only the planimetric detail is visible. An orthophotomap is the orthophotograph with contouring superimposed and some overprinting of the classification of roads and other detail to help interpretation. 


Forestry maps 

In some countries forestry maps are available, especially for state managed forests. The quality of these maps varies considerably and their value has to be checked in every case. Normally, there are no contours on these maps. 


Planning maps 

All over the world a lot of maps at large scales (1:1000 - 1:5000) are made for planning and building. They often include contour lines and exact spot heights and bench marks. In areas near to villages or towns they may save a lot of work. 


Digital map data 

Many official map agencies are making their mapping available in digital form. There are two forms of digital data: raster image data and vector data. 

Raster image data - is produced from scanning existing printed maps, typical resolution after scanning is 300 or 400 dpi. It should be remembered that the quality of the raster map image is reduced if it’s scale is modified. Large scale maps, 1:10000 or above are generally in raster image data format. Vector data - is produced by digitising an existing map and/or including data from current surveys such as digital photogrammetry and field surveys using theodolites with data capture devices. Features are stored as lines defined by a series of discrete X-Y coordinate points with possibly additional attributes such as height, feature code, whether the line is a closed polygon etc. This data is independent of scale. Vector data is generally available for large scale maps (planning maps) and can often be purchased in a variety of formats. 


Photogrammetric Plots 

Photogrammetric plots are produced from aerial photographs, a pair of adjacent photograph are placed in a stereo plotter and adjusted until a 3-D stereo model is visible. All features that are visible together with the topography of the terrain are then plotted. 


 
Stereo plotting instruments - A stereo plotter is a high precision instrument in which a theoretical 3D model of the ground is formed from two overlapping photographs. The model is adjusted to the required scale and levelled so accurate height readings can be taken. The operator sees a pair of marks appearing to float in the field of vision, these marks can be moved over the model in any direction, horizontally and vertically. There is one floating mark visible in each eye piece. When looking at the model through both eye pieces together the floating marks can be moved together or seperated by adjusting the height counter. When the two marks appear as one, the mark is at the surface (ground, top of tree canopy, etc.) of the model and the position of the point can be plotted. 


To plot linear detail the operator moves along the feature, raising or lowering the mark continuously to keep in contact with the ground. To plot contours the operator sets the height counter to a given value and moves around the model keeping the pair of floating marks superimposed (ie. at the surface). When viewing dense forest plantation it is impossible to view the ground and so the operator adjusts the height counter to compensate for the height of trees. Checks should be made each time the ground becomes visible (ie. crossing tracks and rides etc.). It should be remembered that trees do not all grow to the same height and so contours plotted from the tree canopy will be very approximate. 

With analogue stereo plotters, the carriage with which the operator controls the floating mark is attached to a pantograph which draws the plotted detail on a drawing table to one side of the plotter. Nowadays, these plotters can be fitted with encoders so that data capture to a computer is possible, with such a plotter (or the more modern analytical stereo plotter), the base map can be supplied either as a hard copy - the traditional pen plot with coloured inks - or as a digital file, or both. 

Orientation of the model - Some form of ground control is necessary. To scale the model at least three known positions are plotted on to a sheet of film. The model is enlarged or reduced until it fits the points. To level it there must be a minimum of four known heights in the area covered by the model. The model is tipped and tilted until its height readings correspond to the known heights. The source of information for scaling and levelling is usually the official topographic map of the area with exact and accurate spot heights. 

When to use photogrammetric plots - In O-mapping the use of photogrammetry is determined by: 

· the quality of existing maps of the area 

· the expected improvement in quality of a photogrammetric plot 

· the money available for the production of the map 

· the estimated savings in survey time and cost 



It is of course possible to produce a good O-map using only government agency maps, but with a good photogrammetric plot as a base it can be done in less time and more accurately. Photogrammetry though, has its limitations and on occasions there may be circumstances when stereo plotting will not be good enough to produce a satisfactory base map (eg. in steep forests with dense coniferous plantations). The operator is only able to reproduce the details visible from above. Therefore the quality of the aerial photographs is critical. On occasions older photographs may be better than more recent ones - this will be when more of the terrain is visible: a less mature forest with smaller trees or early spring photographs with no leaf cover. 

Who should produce a photogrammetric plot - Most commercial photogrammetric plotting is done of open land and the resulting plot has a very high degree of accuracy and completeness. Photogrammetry for orienteering requires a specialist photogrammetrist who is familiar with the requirements of an orienteering base map and is used to plotting areas covered with trees. 

The photogrammetric base plot - A photogrammetric plot is only a base map and it has to be changed into an orienteering map by many hours of fieldwork. All the features have to be checked and corrected where necessary. It also needs quite a lot of time to get familiar with the contents of a plot.
Note: It is highly recommended to show several examples of photogrammetry and official base maps. 

Cost of photogrammetry - The price depends on the quality and scale of the photographs available and the complexity of terrain.
Typical costs £75 - £150 per km2 (1997). 


Previous Orienteering Maps 

A previous orienteering map is an invaluable source of information. It will show the majority of features that will need to be included on the new map. Knowing approximately were features are will reduce the amount of time needed to field work the area. Previous course setters should be consulted to identify those areas that are well mapped and those that are badly mapped! 

If the previous orienteering map was good there should be little need to use other base materials. 

If a photgrammetric plot of the area had prevously been used then there is probably little point in commissioning a new plot. 


General 


Orienteering uses a great variety of areas, from dense conifer plantation to open moorland: the content of the base map will vary accordingly. 


 
 
The choice of the base map depends on the many factors described previously. In many cases, a combination of different base materials can give the best solution, and it is worth spending some time on this aspect. 


Orienteering map firms 

List of firms and people specialising in photogrammetry for orienteering maps.

            Survey Notes / Survey Draft
Introduction 


Survey notes are made directly on to a copy of the base map or on to one, two or three separate polyester sheets overlaying the base map. With two or three sheets, survey information is split between: 

· landform features and rock details 

· man made features and water features 

· vegetation 

Using three sheets may cause difficulty in reading the base map unless the film is very thin. 

At the end of the survey session the information is transferred on to either a master survey draft or directly into the computer. 


The survey draft 

This is the up to date drawing of survey results from all sources from which the final map will be produced. The survey draft is both a record of survey and a clear presentation of the information for the final map. The way it is presented depends on the intended method of drawing: using a computer, pen and ink or scribing. 

All line thicknesses on the draft should be scaled proportionally to the line thicknesses on the final map. This shows up any problems of displacement made necessary by drawing with thicknesses greater than the space taken up by the feature on the ground. Such problems should be resolved at this stage rather than at the final drawing. Where there is considerable density of detail, care should be taken to maintain legibility. It should be remembered that legibility increases when several colours are used rather than just a single colour. 

One or more sheets - the survey draft is drawn on to one or more sheets depending on the complexity of the line work and method of cartography. When using more than one sheet, the line and point detail are drawn on seperate sheets to that containing the screen areas. 

Lines and Areas - Ink pens (0.25 / 0.35 / 0.50 and 0.70 in black, red and blue) and black lead pencil are used for drawing lines and point features while coloured pencils are used for screen areas on the survey draft. Which are used and for what is dependent on the complexity of the map and method of cartography. 

Colours - the colours used depends on the type of terrain, the most important detail being drawn in black. Thus maps with complex contours the following should be used: 



· contours: black 

· lines and points: red 

and for maps with detailed vegetation and many line or point features 



· contours: red 

· lines and points: black 

Drawing line and point features in red has the advantage for the cartographer using pen and ink methods in that on the final drawing all the red lines must be covered. 

The colours of the vegetation / open land / stony ground should be chosen to be as different as possible and it should be possible to show different shades in combination. 


 
 
If the survey draft is drawn very clearly and in the correct dimensions, it can be used afterwards for corrections. A reduced colour copy may also be useful for initial course planning. 


Survey draft for scanning 

The complexity of the line work, whether auto tracing software is being used and the quality of the scanner (monochrome or colour and resolution) will determine whether the survey draft is drawn with one or more sheets. For simple areas or when using a high quality colour scanner without auto tracing a single sheet is sufficient. When using monochrome or low resolution scanners a multi sheet draft would be made. When not auto tracing two sheets would be sufficient, one containing the line and point detail, the other sheet containing the screen areas. 

When using auto tracing software it is advantagous to draw the line and point detail for each colour on a separate sheets (since the tracing software does not distinguish different colours) and the screen areas on another sheet. To maximize the efficiency of the auto tracing software try to: 

· minimize intersecting lines - this is largely acheived by using separate sheets for different colours but there are other opportunities to reduce them such as not drawing the tags on fences. 

· avoid dashed and dotted lines - draw each dashed and dotted line as a continuous line and identify each with a label ensuring this does not butt the line (intersecting line!). For distinct corners put a dot so this information is not lost when enhancing the traced lines. 

· draw only outlines - do not fill solid objects such as buildings and only draw vegetation edges, again labelling them. 

Remember to register each sheet with sufficient marks, be especially careful when scanning the drafts in part. 


Survey draft for digitising or pen and ink 

A survey draft to be used for digitising or pen and ink drawing can be drawn on a single sheet using colour to differentiate between the classifications of lines and areas. The map is either digitized or traced directly from the survey draft. The computer output can be produced at final scale while pen and ink drawings are photographically reduced to map scale prior to printing. 


Is a survey draft required? 

When drawing a map using a computer is it really necessary to produce a survey draft first or can it be drawn directly from the survey sheets? Both methods have advantages and disadvantages , the most important of which are described below: 

Preparing a survey draft 

· Discrepancies in fieldwork can be resolved before cartography 

· When working away from base without a computer 

· When more than one person working on the survey? 

· When autotracing results are more likely to be successful 

· Two occasions where errors can be introduced 

· It is time consuming 

Direct from survey sheets 

· Cartography can proceed at the same time as the survey 

· No survey draft - saves time? 

· When scanning - fieldwork must be done on separate sheets * 

· When scanning - field work presentation must be of a high standard * 

· When scanning - dirt and erased lines may show on scanned image * 

                              Cartography
General 

Introduction 

The usual method for printing large quantities of orienteering maps is with an offset litho printing press. Each colour on the map is printed using a separate printing plate, the plates are made from the colour seperated drawings of the map. These drawings can be produced by computer using an imagesetter output device, or by pen and ink drawing on polyester film or by scribing on to a photographically opaque base. 


Map Layout 

There are no firm rules governing the layout of a map, but some guidelines may be given. The work on the layout can proceed before drawing begins. It may be necessary to do it at the same time as the budget, because the format, the advertising and other items must be decided then. 

In general the format should not be larger than required by the size of the area. A large sheet of paper is not very suitable for orienteering and the cost of printing will be higher than necessary. Most areas leave enough space for a clear legend (especially important if the map is to be used by beginners) and some small advertisments. The map should dominate the sheet of paper with the titles, legend, advertisements around the periphery appearing secondary. 


Registration 

Whichever method of cartography is used some form of registraion mark is needed. The printer must be able to place each of the films in exactly the same location on the carrier film ready for plate production and this is done by aligning the registration marks. These are often in the form of four crosses placed near the corners of the map or along the edges of the map or three crosses forming the corners of a near equilateral triangle around the periphery of the map. The registration marks should be drawn with the finest line width and appear on each film. 


Computerized cartography 

Introduction 

Computerized cartography has become the norm. Although it is not necessarily quicker to draw a first edition map by computer than using traditional methods, correcting mistakes is very easy. Revisions to maps can be made much easier and quicker. Achieving a high quality of artwork is a lot easier than with traditional methods as all the symbols can be predefined with correct sizes. Cartographic awareness is still needed in order to produce a good map. 

This section gives an overview to the general requirements and principals for computerized cartography. It does not discuss the how to’s for specific programs, if the reader requires this level of information then they should refer to the appropriate user manual. 


The Computer Hardware 

There are two main types of computer hardware used for drawing orienteering maps, they are the IBM-PC compatibles and the Apple Macintosh. Choosing between which to use will depend on a number of factors, some of which are: 

· Whether you already own or use the computer you plan to draw the maps with. 

· Which software is going to be used for drawing orienteering maps. 

· Other applications needed to be run on the computer (eg. Word processing software for club newsletter). 

· Cost 

· Availability and support (consider both hardware and software). 

With continuing improvements to processor speed and disk capacity, hardware manufacturers have generally charged a premium for the current top of the range computers, it is unwise to purchase these as they do not give the best value for money and within a couple of months will be $100's cheaper.
Despite this, the cost of computing hardware has never been cheaper. 

When purchasing a new computer system, consider the following: 

· Does the computer specification meet the minimum requirements for running the software, preferably it should meet the recommended requirements. 

· Are there new releases of the software to be used planned which will require a higher specification, try contacting the software supplier. 

· Is the computer upgradeable (memory, processor, hard disk drives etc.), make sure there are free memory slots and spare drive bays so existing hardware need not be discarded when upgrading. 

· Will it support all the ancilliary devices that will be needed at any one time. 

· The size of monitor and associated graphics card. 


Hardware specifications: The instructor should supply details of minimum and recommended specifications of computer hardware needed for the cartographic software. 

Suppliers of hardware generally charge a premium in terms of performance for top of the range machines, unless you have a need for the top of the range you will get better value for money if you buy a computer with a slightly slower processor and smaller hard disk. 


Input Devices 

Input devices are computer hardware that take non-computerized data and convert it into a computerized form. The traditional input device is the keyboard which passes instructions, text and codes from the user to the computer. Other input devices include the mouse, digitising tablet and scanner each of which may be used for drawing O-maps. 

The mouse is generally a small mechanical device which when moved by the user across a flat surface the corresponding cursor on the computer screen moves in the same direction. The signals from the mouse to computer are continuous. Buttons on the mouse allow the user to send discrete commands to the computer.The mouse is now a standard piece of hardware supplied with the computer to enable users to interact with the computer using graphical user interfaces. The mouse can be used for drawing orienteering maps by tracing over a scanned template and editing existing map data. As there is no direct relationship between mouse movement and scale a mouse cannot easily be used for entering new map data. 

The digitising tablet was the traditional way of entering data accurately from the survey draft into the computer. The digitising tablet consists of a puck with a cross hair placed in a window for accurate positioning and the digitising table (various size tables are available) which polls the movement of the puck and sends XY coordinates to the computer. Data can be sent to the computer as a continuous steam of XY points or individual points. The draft map is placed on the table and each line in turn is traced by keeping the puck’s cross-hair over the line. Operation is similar to a mouse except that accurate XY co-ordinates can be recorded using a digitising tablet. 

The scanner is a device which scans a drawing or photgraph and coverts the image into digital format that can be manipulated by the computer. Scanners come in various sizes: A4, A3; various formats: hand held, flatbed and drum; can scan the image at various resolutions: 200dpi, 300dpi, 400dpi and greater; and with the aid of software convert drawings / pictures into either, black and white, greyscale or colours of various pallette sizes. The draft map which can be in various formats, remember to include enough registration marks to position the scanned images accurately, is scanned in and used as a template over which the map is drawn using the mouse. Use a flatbed scanner with a resolution of 300dpi or greater. Remember that the scanner produces a bit mapped image, that is each unique point on the image is represented individually in the bit map - higher resolutions and more colours mean larger bit map files. 

The cost of quality scanners has dropped dramatically in the last couple of years making it an affordable piece of computer hardware and is now replacing the digitising tablet as the favoured method of inputting the draft map. 


Output Devices 

Output devices are computer hardware that takes computerized data and converts it into a form recognizable by users. The traditional output devices are the computer monitor and printer. 

The computer monitor is were the map is viewed while it is being drawn. Monitors like all other computer hardware come in a range of sizes and specifications. For map drawing the recommended minimum size is a 15" screen with an 800x600 (SVGA) resolution. Generally when considering a monitor the bigger the better. 

As with most areas on computers, printing technology has advanced greatly these last few years making high resolution colour printers affordable. Today, colour inkjet and bubblejet printers with resolutions of 600dpi or 720dpi can print maps of a high enough quality that can be used for proofing, course planning, training and even low key events. Large format printers are available upto A0 in size to print off enlargements of maps for proofing, coaching and publicity. 

Other printing devices that could be used are monochrome and colour laser printers. They are much quicker but also more expensive than the colour inkjet and bubblejet printers. 

Digital colour photocopiers can be linked to a computer to print maps directly, their advantage over inkjet printers is the speed of printing when needing bulk copies for low key events. 

The offset litho printing press is still the only method to produce high quality, large quantity and cheap O-maps. To produce the films for platemaking an imagesetter with a high resolution (in the order of 1270dpi - 2540dpi) is used to produce films of each of the colour seperates. 


Mapping Software 

The software use for drawing O-maps is dominated by two packages, these are OCAD written and marketed by Hans Steinneger and Adobe Illustrator. The latest version of OCAD runs on PC’s under Windows 95 or Windows NT while Adobe Illustrator runs on a Macintosh (a Windows version of Illustrator is also available but it is not known to be used for O-maps). 

Other packages known to have been used for drawing O-maps include CorelDraw, Macromedia Freehand and AutoCAD. 

When selecting a computer program for map drawing it must be able perform the following: 

· the creation of straight or curved lines 

· the creation of areas 

· the creation of a symbol library - including the specification of continuous, dashed and dotted lines, tints and customized patterns with control over their dimensions and colour. 

· the creation and manipulation of text 

· the creation of colour seperated drawings 

· the editing / amendment of any of the above 

· the ability to order superimposed lines / fills (layering) 


Line Drawing 

The most fundamental part of any map are the lines used to represent the shape of the land (contours) and the features that lie on it (tracks, watercourses, boundaries, etc.). 

Early representation of lines was by a series of discrete X-Y points with each pair of points being considered as a straight line segment of the line. This is fine where a line is made up of a series long straight line segments but not very practical when trying to represent complex curves. 

To ensure a curved line does not appear angular the chord to arc tolerance must be kept very small, this requires a lot of points to describe the curve. When editing the shape of a curve, several points will often need to be moved to adjust the shape and if points are inserted or deleted the series of points defining the curve will have to be rewritten in memory. Depending on the efficiency of the program lots of redundant memory / storage locations can arise out of this editing. All the individual points of the curve must be stored as part of the map data which implies large file sizes. 

In order to reduce the number of points and produce smoother curves, a mathematical equation could be used to represent a series of curves between a series of fixed points. An equation is applied between each pair of points, to ensure a smooth transition at the fixed points, the curves must continuous with preferably the same radii. 


The most common type of curve definition used in drawing programs is the Bézier curve. A segment of a Bézier curve is defined by a start point (x0 ,y0) and an end point (x3 ,y3), both of these points have a corresponding control points (x1 ,y1),(x2 ,y2). The curve is defined by a cubic equation, the curve leaves the start point tangentially to the control line formed by (x0 ,y0)(x1 ,y1) and arrives at the end point tangentially to the control line formed by (x2 ,y2)(x3 ,y3). The degree of curvature at the start and end points are dependant on the length of the control lines (x0 ,y0)(x1 ,y1) and (x2 ,y2)(x3 ,y3).
Moving the control points (x1 ,y1) and (x2 ,y2) will affect the shape of curve drawn between the start and end points. 


A Bézier curve is formed by one or more of these segments. Each intermediate point acts as an end point and start point for adjacent segments on the curve. For the Bezier curve to flow smoothly through an intermediate point the ponts control lines must be continuous and of the same length. If the controls lines are of different lengths there is an abrupt change in radii. If the control lines are not continuous then the point becomes a corner point. 

The use of Bézier curves to define complex curves reduces the number of points needed to define the curve, makes editing easier and reduces storage requirements. 

The choice of drawing tool used to draw a line will depending on the line to be drawn, for simple straight lines it is preferable to use a straight line tool where the user defines the discrete corner points, for complex curves the Bézier curve tool should be used. 


Area Fills 

Area fills are drawn in the same way as straight lines, using either Bézier curves or straight line segments. Depending on which program is used the polygon may have to be closed (ie. the first and last line point must be coincident) before the area can be filled. 

Holes can be cut in areas, the method is dependant on the program used though often the ordering of the colours/layers will automatically do this. 


Symbols 

The symbol library for a program must be capable defining accurately all symbols specified in the IOF International Specification for Orienteering Maps. 

Symbol libraries produce consistency and reduce storage requirements of the map file as all map symbols are stored as lines / curves with an attribute indicating the symbol to be drawn. For example: 

· A path is drawn as line / curve, the symbol attribute would indicate that the path symbol (a series of dashes) should be drawn along the line / curve. 

· A vegetation screen is drawn as a line / curve (it may need to be closed), the symbol attribute would indicate that an area fill should be applied within the boundary formed by the line / curve. 

· A point symbol may be stored as single or multible points depending on the program, the symbol attribute would indicate the symbol to be drawn as each point. An additional attribute may store the orientation of the symbol. 


Lettering 

Using computers allows for greater variety of fonts to be used, most commercial packages will allow the use of any available font (OCAD only allows the use of TrueType fonts). 

The use of too many font styles and sizes on a map can be distracting and look messy. It is best to keep things simple - use only a couple of font styles and no more than four or five font sizes. 

Make sure that the print shop that is to produce the films has the fonts you have specified or you may need to supply a copy of the font (making sure you do not infringe any copyright). 


Proofing 

With the recent advances and reduction in costs of high quality inkjet printers, colour proofs can now be produced in-house relatively cheaply. Those inkjet printers with a resolution greater than 600dpi will produce adequate proofs for survey checking and preliminary planning. 

Care must be taken when using these proofs for checking as the process of laying down the colours by inkjet printer may not be same as printing from colour separations. 


Enlargements 

It is possible to print enlarged copies of maps to large format colour printers for proofing, display or presentaion purposes. 


What to send to the print shop 

Unless your print shop has a copy of your drawing software you will need to produce colour seperated files. The standard file type used in print industry is EPS (Encapsulated Postscript), this file type can be imported into a variety of page layout programs for printing to an imagesetter. Creating a set of EPS files should be straight forward. 

It is advisable that the colour desciption for each seperation is included in the drawing outside the trim marks so each film can be easily identified by the printer. 

If possible, supply paper copies of each separation (even if reduced) so that the print shop can check for any obvious omissions / problems. 

Let the print shop know what fonts you are using and supply the font files if necessary. 

If any colour separation file is greater than the size of a disk make sure you use standard compression / archive program and that the print shop will be able to read those files. 


Other considerations 

Data security - The most valuable part of any map is the data. Once imported into a computer it can be used for many revisions of a map. If map data is lost it has to be imported again which is time consuming and costly. 

Data can be lost in a number of ways: accidental deletion of files, corruption of data, storage device failure and other disasters such as fire. After each drawing session make sure you take at least one if not two backups of the data, keeping the last two or three revisions of the map. Also ensure one copy is stored elsewhere in case of disaster. 

Finally check that all archive copies of maps can be read either on a six month or annual basis, magnetic material can deteriorate over time. 


Cartographic Tips 


Listed below are some simple tips to improve the quality of the final map. 

Track / Path Junctions - Ensure that each junction is shown correctly as either distinct or indistinct. The automatic drawing of line dashes can cause a gap to occur at or very close to a junction creating an ambiguous junction. There are a couple of ways this can be solved: cut the line just after the junction there by forcing a gap, in OCAD a corner point can be inserted at the junction (this is not so neat as a double length dash is created). 

Fence / Wall Corners - Ensure that tags / dots do not occur at a corner of a fence /wall. In OCAD this can be achieved by inserting corner points and setting the start / end distance to half the normal distance between tags / walls. 

Form lines - When using a form line to represent a re-entrant ensure the apex is shown with a dash and not a gap. 


Pen and ink cartography 

Drawing with pen and ink used to be the most common way to prepare the colour seperates for the printer. A separate drawing of each colour was produced using black ink at the survey scale - they are reduced to map scale at the reproduction stage. 

Each separate drawing sheet would be placed over the survey draft in turn. For each given colour: the line work traced using tubular nib drawing pens (0.25, 0.35, 0.50 and 0.70), dashed lines would generally be drawn as solid lines and then the gaps in the dashes scraped clear using a scalpel, points symbols would be applied using specially produced dry transfer symbols and screens would be applied using adhesive percentage tint and pattern screens. Finally, the periphial information would be applied to the appropriate sheets such as titles, legend, credits etc., the lettering would be applied using either dry transfer lettering or by adding typesetting instructions for the printer to apply on a separate sheet. 

To avoid messing with self adhesive percentage tint and pattern screens, additional drawing sheets can be made for each individual screen. The areas to be covered with the percentage screen are instead masked out with an opaque ink or paint. The percentage tint is then applied during the film reproduction stage where several drawings for a single colour can be combined. 


Scribing 

Scribing has long been the traditional method for professional map makers, rather than drawing the lines on film, the lines are cut out of a photographically opaque coated film. Using precision made cutting tools held vertically in a tripod will give consistent line widths when used with skill and allows the map to be drawn at map scale. 

Many more drawing sheets are used than with the pen and ink method: line work for each colour is scribed giving negative films, point symbols for each colour are added using dry transfer symbols together with any lettering to separate sheets giving positive films, finally negative screens for each seperate percentages screen is cut from masking film. 

All these films are produced at final map scale allowing for simple contact printing to produce the final flms. 

                                 Printing
Introduction 

The final stage of map production is the printing of the map. Unless map quantities are small and a slight reduction in quality is acceptable the only economic way to produce bulk quantities of maps is using a traditional printing press. 

Printing is by way of an offset litho press, generally with each colour on the map printed seperately. For the normal 5 colour O-map this will mean printing with 5 ink colours using 5 printing plates which are made from 5 colour seperated drawings. 


Artwork 

Before the printing stage can commence the printer needs to make the printing plates used by the printing press to print the map. These plates are created from the artwork of the cartographer. These days the artwork can be supplied on computer disk direct to the printer, the printer will generally sub contract the film making process to specialist firm specializing in film production using an imagesetter.
Alternatively, the map maker could arrange for the films to be made himself. This has the advantage that the map maker can check the films before the printer receives them. 


Reproduction 

When using pen and ink drawings or scribes the production of films was much more time consuming. 

Pen and ink drawings are generally drawn at two times the final printing scale. The first stage for these enlarged drawings is to photographically reduce them using a special process camera, this will produce a negative film at the final printing scale. The drawings are normally held in a vacuum frame to ensure accurate scaling over the whole area. Normally the photograper uses refected light so it is important that all drawing is on the front of the film. 

Once the artwork is at the printed scale a proof if required can be made. A proofing process such as Colorkey, Cromalin or Geva Proof is used, the process depends on whether the artwork is in positive or negative format. A single copy proof is produced on a plastic material, the mapper should note that the dye colours used will not match the printed colours of the final map. These processes can be expensive and you only get a single copy, it may be better to print a short run. 

Any artwork that needs to be combined, for example, when the line work and screens are drawn seperately (always the case when scribed), is done by contact copying, again with the artwork held in a vacuum frame for each exposure. 

Always check the the resultant films before printing for: the correct combination of artwork, the odd mistake that has slipped through previous checks and stray marks on the films. Retouching can be done to correctt faults including light patches that appear on the film. These are painted over with a suitable opaque paint. 


The printing process 


O-map printing uses the offset litho process. A printing plate is made for each colour from the colour separated originals as already described. The principle behind the process is that the image areas of the plate are greasy while non-image areas are damp. Printing ink is of a sticky greasy consistency and since water and grease do not mix ink is only taken up by the image areas on the plate. Other areas are kept damp, so no ink is transferred to the rest of the plate. 


The plate is clamped round the first cylinder (A). Ink is applied to the plate via a bank of rollers which control the quantity and eveness. There is a similar series of rollers for water which keeps the rest of the plate damp. As this first cylinder rotates the ink image is transferred to a rubber blanket around a second cylinder (B). The image is then transferred to the paper which is passed between this second and a third cylinder (C). If the image were transferred directly from the first cylinder to the paper, the printing plate would have to be a mirror image (wrong- reading) of the printed work. The inclusion of the "offset" blanket around the second cylinder (B) allows the image on the printing plate to be the same as the printed work (right-reading). 

The paper that will soon be a map is passed through the print machine once for each colour, the printing plate and colours are changed between each pass. 

The print machine is constructed so that the paper sheets are aligned each time using the same two sides, one long and one short. This is necessary so that all the colours are positioned on the paper correctly. Normally the maps are printed in yellow, green, blue, brown and black. The sheet must therefore pass through the print machine 5 times. One of the major causes of dimensional change in the paper is it being stretched during its first pass through the machine. When large sheets are printed it is sometimes necessary to pass the paper through the machine once before printing to stretch the paper. 

A multi colour printing press basically consists of several identical presses placed one after the other fitted with different printing plates and coloured inks. Sheets are moved between different printers via a system of gripped transfer drums and belts. As the paper passes through the different presses in a short space of time there are no dimensional changes to the paper and hence misalignment of colour. 


Five colour printing 

As previously mentioned the traditional way of print O-maps is using five spot colours (six including overprinting). Using spot colours (ie. colours that are made up before printing by mixing inks) will produce the sharpest lines as each line comprises of a single colour and any slight misalignment of colours will not affect the line quality and final colour. For a single colour press the paper will have to pass through the press five times, one for each colour. The order in which the colours will generally be either from lightest to darkest (ie. yellow, green, blue brown and black) as this makes the washing of the ink rollers between colours easier or printing black first as it is easier to check registration against black followed by yellow, green blue and brown. 


Four / three colour printing 

Four and three colour printing is the method used by printers for producing colour work requiring an infinite range of colours. It works on the principle that any colour can be created by combining cyan, magenta and yellow in the correct proportions on a white background. The difference between three and four colour printing is whether black is printed as a separate colour (black is created by combining cyan, magenta and yellow at saturated levels). This type of printing is highly suited for photographic reproduction but is less suited for line work as accurate registration is required to ensure colours are placed on top of one another. 

Recent technological advances in three / four colour printing including the random placement of dots on a raterized screen and improved registration has meant that printing O-maps this way is now a possibility. 


Other printing methods 

There is a printing method that has been used by a printer in Sweden that can be good for some maps. All details that are to be black on the map are placed on both the blue and brown plates. As these will then be printed on top of each other, they appear as black. This saves one plate, and one passage through the printing process. 

With this method, maps of size A2 or larger can suffer from a mis-register of black at the rear corners (as the map moves trough the machine). In normal printing this small movement is not noticable. 


Which method should you use? 

There are advantages and disadvantages to each method. 

Until recently the only way to print quality O-maps was with five colour printing and this will still give the best results. The disadvantage of this is that not all printers are be prepared to mix small quantities of special inks and the increased cost of five colours (additional, films, plates and passes through the press). 

Using three / four colour printing will never attain the quality of five colour printing and requires very accurate registration throughout. The advantage is the saving made by reducing the number of colours printed. 


Printing plates 

Some printers make plates from positives, others from negatives. The differences are not significant to the o-mapper. If the drawings are being produced at final scale and contact copied at the photographic stage, it is important to know whether the requirement is for a final positive or negative. In either case, it must be wrong reading so that the emulsion on the surface of the film is in direct contact with the printing plate during exposure. Exposure through the thickness of the film at any stage could cause the lines and dots to come out unevenly. 


Paper 

According to ISOM, maps should be printed on good quality paper with a surface weight of 100 - 120 g/m (preferably water 2 resistant). It should have a matte covering on the surface to provide a sharp image and prevents the inks spreading out causing swelling of the map details. 

There are also a number of products which are more or less water resistant,such as Artosil and Syntosil, Syntetape, Tyveck and Polyart. Each of these materials have advantages and disadvantages. Most of them can be folded even with moisture without leaving colour or breaking .The main disadvantage is the price and in some countries availability. They are all two to four times the cost of paper. 


Colours 

The map colours are specified by the IOF using the Pantone Matching System (PMS) colour reference. 

The following colours should be used:

Black Process black

Brown 471

Blue 299

Green 361

Yellow 136

Violet Purple

Advertisements printed on the back of the map should be printed a light colour (low percentage tint) to avoid the image being visible through the paper which could affect map legibility. 


Transpancies 

At the same time as the maps are printed, some printers can produce one or more transparencies of the map by passing sheets of film through the press. These transpancies are ideal for use with overhead projectors, an ideal teaching / coaching resource. They are more stable than normal paper and therefore ideal as the underlay for course overprinting and revising the map at printed scale, 


Trimming 

Most maps are printed on paper sheets larger than the final size of the map and so the edges must be cut after printing. If you plan to overprint courses you should avoid cutting the two sides that where used to insert the map into the press. If the cuts are not in exactly the same place on each map it is difficult to get an exact register when overprinting. 

Often you will print several maps on the same sheet. After printing, the maps are cut apart. A map to be used for overprinting should be placed so that the 2 sides used to insert the map remain uncut. 


Bad register 

This is the most common fault in printing. The importance of accurate register must be stressed to the printer at the beginning. A misregister of 0.2 mm should be regarded as the maximum acceptable. Possible causes are:

· bad originals 

· paper slip 

· misalignment 

· poor supervision by the printing operator 

· paper stretch (especially with large sheets and synteticpaper) 


Possible printing problems 

Other mistakes may be caused by wrong exposure of plates, uneven colour or from marks left on the originals. To avoid this ensure all artwork passed to the printer is black and clean. Printers with experience of O-map printing may spare you most of these problems and guarantee a satisfactory result. 


What to send to the printer 

The printers delivery time is dependent on the size of the order. Make sure you contact the printers well before your order and agree on a date for the delivery of the original and the finished map. 

When the map proofs are completely checked the original artwork or data disks are sent to the printshop. Printers who specialize in orientering maps should be used if possible, as they have experience in working with maps and know the requirements for colour, paper quality and registration. 

If the printers work to a fixed price list, and a standard map is being printed, the cost can be easily worked out for each printer. With the order, you should make sure your wishes are clearly stated. The following information should be given:

· the name of the map 

· the file format and number of data files 

· proof prints of the colour seperated files (for the printer to check against) 

· any non-standard fonts used on the map 

· the font files if needed (make sure you do not break any copyright laws) 

· number of copies to be printed 

· number of colours and specification 

· if an overhead transparency is wanted 

· if part or all of the copies should be trimmed 

· if part or all of the order should be prepared for course overprinting 

· delivery date 

· if the quality of the map is to be checked by someone 

· registration mark (if needed) 

· delivery and invoice address 

· contact person 


Preparing for course overprinting 

Map underlay 

The usual underlay used with course overprinting is a map from the final print run. The map should not be folded as this changes the map size and therefore fitting. 

The printed map is even affected by air humidity and other factors, so size differences of up to 1 mm can occur between map copies of size A4 - A3. 

To avoid these problems when making the EPS files for the colour seperations you can at the same time print an EPS file containing black, blue, and brown detail and have this printed out on film from the imagesetter. This film is then used as underlay for course overprinting. 

Another alternative is to use a transparency printed at the same time as the map, this material holds its size better than paper. 


Courses 

In course overprinting, the originals are usually copied straight onto a positive printing plate. This places high demands on the drawing quality, especially the density of the lines.
The original is drawn with ink on drawing film, preferably on a somewhat thinner film than with normal drawing, which makes it easier to use a backlight when copying plates. Note that the density of the lines can be bad if you draw the pen along too fast. This especially applies to drawing the lines between controls with a rule. Use a pen with a width of 0.25 - 0.35 mm (wider pens with thicker plastic). A pen of size 0.3 mm is fine in most cases.
For the control numbers, use transfer numerals such as Letraset. Mark each course with the class symbols to reduce the chance of mixing the courses up.
Each course original should also have at least 2 register marks to fit it to the map accurately. These should be placed on some thin line detail in black, e.g. map registration crosses, the border, magentic north lines, or power line crossings. You can use details in other colours, but all marks should be on details of the same colour, as some movement between colours can occur, making the mounting of the original more difficult. The marks should be drawn with a rule using a thin pen, maximum 0.25 mm, and should be clear and accurate.
Out of Bounds and other information on the map that is common to all courses should be drawn on one separate original. These can be printed on all maps as in a single run or combined with the courses at the plate making stage.
Overprint detail can be drawn on computer with the courses printed to an imagesetter but is much more expensive than traditional methods. 
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