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Abstract

Production of maps in large format directly from the Internet can be useful for several areas, such as printed maps or supporting map information in offline applications. The WMS standard has simplified the availability of online maps. However, WMS servers usually have a limitation in image size for the GetMap response. To enable large formats, the initial requests have to be split into several and smaller requests that comprise the whole area. Client-based techniques in the assembling process are described. The quality of such maps can in some cases be limited, but the products resulting from these techniques can still be sufficient for a wide range of applications.

1 Introduction

Norway has been developing standards for spatial data on a national level since 1980, and has a strong participation in standardisation on both the European and the international levels. Spatial standards have one main purpose – to make it easier for you and me to share and integrate maps and data from different providers across technical platforms and national borders. This article exemplifies how the Web Map Server (WMS) ISO standard [1] can simplify the building of composite large format maps.

The Geological Survey of Norway has built several Web Map Services for the display of maps in different geological fields since 2000. The methods for producing large format maps have also changed rapidly in our organisation during the last few years, but it is mainly done with offline data. The increasing availability of online maps on the Internet and the ability to make composite maps that comprise data from different data providers is still used mostly for screen display. Today's demands for efficiency and cost reduction have strengthened the need for alternative methods in map production directly from the Web.

2 User needs, methods and definitions

Online maps are useful as long you are online and the need for large format maps is absent. However, in large format maps it is often easier to see how things are related to each other, as opposed to the small maps on the screen of the computer. Cartographic efforts for supporting vector data in offline applications can be eliminated with large format maps generated from online services. In production of large format maps from the Web, the user needs to control map theme compositions, geographical areas, map scales and sizes.

The user will need the following products:

· Printed maps

· Supporting map information in offline applications (e.g., hand held solutions). 

· Maps as documents for decision making, "redlining" and commenting.

The methods for producing these products will today be:

· Web Map Server (
· WMS), which is the best alternative for fast and distributed access to maps today.
· Screen capture- and image assembling techniques.

· PDF conversion tools which enables effective distribution.

It is expected that the users want this at the lowest possible cost.

The article uses the following definitions:
· Map Layer: A map that is returned as a response by a request to a server. A Map Layer can for example be a WMS GetMap-response, which returns an image.

· Map Tile: A rectangular portion of the map consisting of one or more Map Layers displayed together as an ordered succession.

· Map View: The Map View is generally an individualised map based on one or more Map Layers from one or several service providers, where the Map Layers are cartographically fitted to one another. A Map View can consist of several smaller Map Tiles that comprises the whole map. In this way a Map View can be both multi-layered and multi-tiled.

A WMS request may contain one or more themes, geographical parameters and image parameters. When such requests are sent to a number of WMS servers with concurrent parameters for geography and image, this enables the compilation of several Map Layers into a Map View on the client. Image transparency can be set in the request in order to see underlying image layers.
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Figure 2.1: Compilation of Map Layers into a single-tiled Map View in a client.

3 The WMS puzzle

Usually WMS servers have a limitation in image size for the WMS GetMap response. To enable large formats, the initial requests have to be split into several and smaller requests that comprise the whole area. These WMS puzzle pieces must then be assembled into one big map. This finishing process can either be done on the server or on the client.

When processed on the server, the responses have to be assembled and merged into one image or preserved as a multi-tiled and multi-layered map in a PDF-file before it is sent back to the client. This process requires considerable CPU-processing and disk space, especially if there are concurrent assemble processes serving several clients. An advantage from server processing is that the design of the products can be finished in a more professionally polished way.  Merging of satellite images (continuous tone) with pure maps (paletted images) must almost have a non-compressed format to preserve thin lines in the combined image. These combined images can therefore become quite voluminous before shipment back to the client. In our organisation, server techniques are tested only on single-tiled Map Views.

When processed on the client, the process is more distributed. No single server has to deal with all the requests and responses alone. Another advantage is that all the responses can be placed in the web browser as a multi-layered and multi-tiled map without any processing. All further finishing on the client is unfortunately in the hand of the user, but it can be done easily with inexpensive screen capture software and PDF conversion tools. These client-based techniques are described below.
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Figure 3.1. Tiling of large format WMS maps.

The size of each individual Map Tile and the maximum image size vary among service providers. In this case the maximum image size has been set to 10242 pixels for all requests. This should be kept in mind in the splitting process:

· The requested large Map View must be split into a minimum number of requests representing Map Tiles smaller than or equal to 10242 pixels.

· Experience has shown that these map tiles must have the same size and be perfectly congruent to ensure perfect matches as possible across them.

· Because of the impossibility to operate with fractions of pixels, the total sum of the new computed requests can deviate from the original request.

Here is an example for a multi-layered Map View:
1. The initial Map View requested has 4 Map Layers and the image size is 35002 pixels.

2. The Map View is divided into 12 Map Tiles with the size of 1167x875 pixels. We have 4 Map Layers within each tile, which gives us the total of 48 requests for the whole map.

3. The new composite map has the size of 3501x3500 pixels, which has grown slightly in size.
When the size of the requested Map View increases, the number of tiles increases accordingly. We have to multiply the number of Map Layers with the number of Map Tiles to get the total number of WMS-requests. The form of the Map Tile is generally wider than its height, because a horizontal splitting is always done first. 
4 Controlling of the assemble process

We can see from the example mentioned above, that the number of requests can be very large for multi-layered and multi-tiled Map Views. From experience, many concurrent requests to WMS servers make them slow and unstable. This demands sequential handling of the process to avoid server crashes at the service provider end. Sequential handling of the requests prevents concurrent processing within a single assembling process. This is absolutely necessary but will result in longer assemble times. Experience has shown that some requests initially return with an error, but then returns properly if the request is repeated. Repeating unsuccessful requests will secure a complete puzzle map.  

This sequential assemble operation will not at any time be more demanding for service providers than a single pan in the map. 
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Figure 4.1: Sequentially controlled assembling of large format maps.

5 Client-based map assembling

An application called "Arealis online" has been developed within a national initiative initiated by the Norwegian Ministry of Environment. It is focused on establishing a nation-wide shared data infrastructure on environmental data and land use information. The solution is mainly client-based, which means that the client sends the WMS-GetMap requests that comprise the composite map and it assembles the responses directly on the client. Additional and similar applications exist at the Geological Survey of Norway.

Arealis online - URL: http://www.ngu.no/kart/arealis?lang=English.

The tool for the making of large maps is called "XL" (see left side of Figure 5.1and it has a submenu (Figure 5.1, bottom) with a slider bar for magnification of the current Map View. The resulting large map covers always the same geographical area as the initial Map View.
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Figure 5.1: Application with XL-tool for the making of large maps.

Magnification means magnification of an area. For example, a map of area A magnified by 3 will give an area of 3A for the resulting map (not 9A). The large map builds up in a separate window. Because this process can take some time, a progress indicator is added at the lower left of the window. With the aid of additional installed software available at the upper right of the window, it is possible to save the result in various formats. It is also possible to click on or off a geocode table that enable us to geocode the result in various applications. The table is shown in the upper left in the window. In Internet Explorer the table is also automatically copied to the clipboard.
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Figure 5.2: Result window with the assembling of a large map in progress.

The result is placed in the web browser as a multi-layered and multi-tiled image without any further processing. The next step will be to save this to a proper format.

6 From web browser to PDF
Adobe Acrobat [2] for the PDF-conversion was used. With Adobe Acrobat 6+ installed, it is possible to convert the result of the assembling process directly from the web browser to a PDF-file. The benefit of this process is that a multi-tiled and multi-layered image is preserved as it is in the PDF file. The conversion process is therefore very fast. Physically merging satellite images (continuous tone) with pure maps (paletted images) is not necessary, because the visual impression of a multi-layered image as opposed to a merged image will be the same. In this way the different image types like JPG and PNG can be stored together in a very efficient way.
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Figure 6.1: Saving result in the Web browser to PDF with Adobe Acrobat.

The file size will usually be quite small when saving to PDF, but it is dependent on the total size of the resulting map and the complexity of each Map Layer. Approximate estimation of file sizes is based on empirical experience when the magnification is from 2X to 50X:

· Multi-layered and PNG format: 0,2 to 5 MB.

· Multi-layered and both JPG and PNG format: 0,3 to 20 MB.

In Adobe Acrobat, the resultant map can be cropped, and text, graphics and hyperlinks can be added. Adobe Acrobat can in this way be used as face-lifting of the product or for "redlining" and commenting in a decision making process. See Figure 6.2 as a result of this. The result can also be edited in Adobe Illustrator for more advanced functions, but the resulting file size will increase considerably.
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Figure 6.2: Examples of PDF plots with text and simple graphics added in Adobe Acrobat.

Unfortunately, the map scale is not controlled automatically in this process. Firstly, the map scale indicated on the screen is only approximate. The combination of screen size and screen resolution will give us the exact map scale, but the application cannot compute this automatically. The map scale value shown on the screen is only computed on assumed average values. Secondly the converted PDF file will have a different scale than the map on the screen. Computing the right map scale can nevertheless be done manually with help of the information in the geocode table together with the resulting page size in the PDF file.

7 From web browser to image

SnagIt screen capture software [3] was used for image conversions. SnagIt is capable of capture results from double scrolling windows (both vertical and horizontal scrolling) and subsequent image trimming of the result. The result of this map-making process will almost without exception be larger than the screen, so capture capabilities in a double scrolling window is quite essential. The result can be saved in various formats like PNG or JPG among others. When the content of a window is captured, you will usually get more than just the image in the window like shadows and extra margins. By configuring and using automatic trimming you will be able to extract only the right portion of the result. The screen capture process can take some time.
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Figure 7.1: Screen capture with SnagIt.

Combination and merging of continuous tone images (orthophotos) with paletted images (pure maps) is not recommended. It is better to generate two different images with different formats that cover the same area. These images can then be overlaid in a proper map application. Large continuous tone images in JPG are quite slow when used in applications, so the image should be converted to a faster format, like ECW or similar before use. Merged images with pure map data in PNG8 are surprisingly small and fast, and can be used directly. The geocode table must be saved to a proper "world-file" format to ensure correct placement of the images in map applications.

In general images are not very scaleable because of the fixed raster resolution. One solution to this can be to manually produce an "image pyramid" consisting of maps of the same area produced with increasingly larger magnification. For example 4 images of sizes 5122, 10242, 20482 and 30722 can be produced. Figure 7.2 shows ESRI applications with such images. Because each image is visible in different scale ranges, the effect will be a dynamic map with increasing details when zooming.
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Figure 7.2: "Image pyramids" as supporting map information for drawn polygons in ESRI-applications.

8 Matching across Map Tiles

Good matches across Map Tiles are closely connected with how the vendors implement their services.

Here are some drawbacks experienced with services from various vendors:

· Hatch fill offset in polygons does not match across Map Tiles.

· Point symbols and text can be "shaved" at the Map Tile border.

Figure 8.1 shows three examples on mismatches across Map Tiles. Example A and B from Geological Survey of Norway [4] uses ArcIMS from ESRI and example C from Norwegian University of Life Sciences [5] uses Minnesota MapServer. Example A shows a hatch fill mismatch, example B shows a shaved character (low characters like g,j,p,q and y) at the lower edge of Map Tile and example C shows shaved point symbols and text boxes.

One trick to avoid text and point symbol problems can be to rearrange the Map Tiles. Experimenting with Map Tile size and form can move the Map Tile border away from trouble areas. Some of the vendors offer automatic text placement within each request, which will be an advantage in this matter. Services with pre-generated maps for fixed zoom levels can also do the trick, but there will be limitations in scales due to the fixed resolutions offered.

eMap Tile matching in raster images like scanned maps or orthophotos are surprisingly good.
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Figure 8.1: Encircled spots with cross-tile troubles in puzzle maps. 

9 Conclusions and outlook

The quality of tiled maps is always dependent on available map services and the quality of the provided cartography. Clever composition of services can give good results, but the quality cannot be better than the result you see on the screen. In spite of some limitations, this technique should be sufficient for a wide range of uses.

The obvious advantages are:

· Saving of resources - the simple and fast conversion into small PDF files shortens production time for large format maps.

· The resulting small files can be sent as an attachment in emails – professionals can generate the maps, but the end user can do the redlining in a decision making process and plot the map on paper, if desired.

· Large formats maps depicting orthophotos give very nice results.

The obvious disadvantages are:

· The quality of the printed maps is limited and far behind the quality of traditional printed maps.

· Some mismatches across map tiles can result in really bad maps.

· Production of maps in specific map scales is to some extent empiric (trial and error) and can be troublesome.

The client-based approach was mainly taken because of easier implementation in addition to the direct and simple out-of-the-box-use of conversion and screen capture tools. The implementation of this unconventional idea ended up as standard functionality in all our WMS-based applications. However, the functionality should still be considered as experimental. Other tools besides Adobe Acrobat and SnagIt should also have been evaluated, but the selected tools suited our immediate needs.

The obvious improvement potential is definitively in the use of server-based techniques for automation of all the manual steps. The result of this will be even shorter production time and more thoroughly developed and homogeneous products.
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