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Abstract

This paper discusses the theory and technology of the digital color relief shading mapping, and the theory and method for the digital relief shading. The paper introduces basic method of designing digital color relief shading, and discusses key technology of digital color relief shading, and provides scientific approaches of relief shading mapping based on DEM.
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1. Introduction 

Digital elevation model (DEM) is an important spatial data of Geographic Information System. The regional terrain spatial analysis is primary application of DEM. The visual expression of DEM is widely used in engineering, planning and military fields. Relief Shading Mapping based on DEM is one of the important applications of DEM. On the basis of the DEM data, first a mathematics model was established according to the light intensity, elevation data and relevant data; then the program was developed and the DEM data were import into the computer for handling; after that the exported equipment was drove to implement relief shading mapping. Concretely, we separate surface of the continuous three-dimensional model of ground into many units (e.g. rectangle), then calculate the intensity of each module to determine gray value according to the relationship between the modules plane and incidence light, and then projecte the gray value to the plane in order to simulate real landscape undulating effect. Of course, the more small select units, the expressive shading is more continuous and natural.  

We use “1 : 2 500 000 People's Republic of China Map”(for short “Wall Map”) as a case to discuss color relief shading mapping based on DEM. “Wall Map” was made with digital cartographic technology.                           
2. Designing the color layer altimeter for color relief shading map

[image: image5.wmf]Color can be designed for color relief shading map according to altitude, landform types or geographic landscape features. Color design plays a very important role for the effects of color relief shading. Color design of “Wall Map” is mainly that stratification color is design by altitude and comprehensive consideration of geographical landscape types and landscape features of different heights. Chinese relevant geographic data of terrain morphology shows that Chinese terrain is higher in West and lower in East with stepped gradually decline. The high boundary of relief classification in China is line 200m, 500m, 1000m, 3500m and 5000m, respectively, for boundaries of plain, hill and low mountain, medium mountain, mountain and the highest mountain. As “Wall Map” is a small scale map, without contour lines, we chose the height line of the landscape type as the boundary as far as possible, which is a good for representing of different types of landscape features. In the table color layers, color in terrene relief shading is designed according to altitude from low to high, and is green series transition to yellow series, yellow series transition to palm series, turn to lilac for sky-high mountain. Ocean shading is chose the blue series, with the increase of water depth, blue gradually deepened. We use Atlas3D “random stratification” order (Figure 1) to make the color-table (Figure 2). There were CMYK and RGB color model for selection in Atlas3D. 

Figure 1  Interface for designing color layer in Atlas3D

3. Digital relief shading mapping

The DEM data source of “Wall Map” digital relief shading is a digital elevation model database of 1: 250 000 country database, digital elevation model (DEM) database. The 1: 250 000 database is made up of topographic database, digital elevation model (DEM) and placename database. 1:250 000 digital elevation model is built with 1980 Xi'an coordinates system, 3 × 3 seconds spacing, and is recorded with geographical coordinates. The file of 1: 250 000 DEM database must be imported into ArcInfo software and transformed into file of asc format , which can be directly accepted by shading generation software Atlas3D. It’s necessary to using Gauss - Krüger projection to transform data sources to vector data in conical equal-angle with two standard parallels projection. The geographical scope of coverage of 1:250 000 DEM data is as shown in Figure 3. A small lattice in Figure 2 is a data contained in the file that is named on the basis of the name of forms of ID of 1:1 000 000 database, a file of 1:1 000 000 database covers 16 (row 4 line 4) files of 1: 250 000 DEM. For example, in 1:1 000 000 database, a filet named A43 covers area that is longitude from 72 ° to 78 °, latitude from 0° to 4 °. In 1: 250 000DEM there are 16 files, which are named A4301, A4302 ... to A4315, A4316. As volume of the data is too big, DEM files could not be put together in block, and must be put together in part blocks. 
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Figure 2 Table of color layer
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Figure 3  index DEM files

Figure 4 is the flowchart for making relief shading map based on DEM.
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Figure 4. Flow of digital Relief Shading Mapping

4. Determine DEM data accuracy 

The resolution of shading photo built in Atlas3D is fixed 72dpi.To get image resolution more than 72dpi eventually it is necessary to ensure that the size of image built is larger than the size of the actual image, by reducing image size to increase image resolution. When resolution is the same 72dpi, the larger DEM data density, the bigger size of image built. When the size of the grid is 6″×6″,12″×12″,15″×15″,18″×18″,20″×20″ DEM data generate size of 72dpi resolution image  (Figure 5).
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Figure 5  DEM in different accuracy generate size of shading image

The grid size of 1:250 000 DEM data is 3″×3″. The image resolution built directly with the DEM data is the highest. However, high resolution image will make data overload, too slowly to produce and process data. Sometimes data processing is very difficult. Therefore we need to compress original DEM data, reduce its resolution, increase grid size, use compressed DEM to generate digital relief shading image. The purpose of “Wall Map” needs that the shading image resolution is adjusted perfectly. It is become very important that we should choose a good compression method, which is how to merge grid of DEM data.

The choice of compression method is controlled by two constraints. On the one hand, grid should not too sparse, or else low-resolution will affect visual effect of map. On the other hand, should not too close, landscape generated by data is not the more detailed the better, in addition to increasing data volume, the generated shading landscape pattern will be seemed too fragmented, whole perception is not good, map visual effect is not satisfactory, and other shortcomings. To determine a suitable compression scheme, we test to compress to density of 6″×6″、12″×12″、15″×15″、18″×18″、24″×24″ in H46 (E longitude from 90 ° to 96 °. N latitude from 28 ° to 32 °), and generate 72dpi resolution images in Atlas3D software, and recorde sizes at resolution 72dpi image, and transforme resolution of images to 1 : 2 500 000 (Table 1).

Table1 the relationship of the precision DEM and generated shading image resolution

	DEM Grid
	Number of columns
	Number of rows,
	Grid spacing   (meters)
	Number of pixels for generated  photos
	Transform into  1:2 500 000 resolution

	6″×6″
	3746
	3111
	170.62155629193
	8718×7246
	867dpi

	12″×12″
	1873
	1556
	341.34233894675
	4361×3625
	434 dpi

	15″×15″
	1498
	1244
	426.80307119254
	3634×3015
	362 dpi

	18″×18″
	1248
	1037
	512.26335452420
	2907×2417
	289 dpi

	24″×24″
	936
	778
	683.28358408938
	2182×1809
	217 dpi


From table 1, DEM data grid is closer, the higher resolution of generated image is. But high resolution must bring too many difficulties to computer mapping. A lot of Map Production Practice proved that 250~300dpi resolution of image is very good for meeting needs of map printing. Therefore, the choice of 18″×18″ density compression scheme is more appropriate.

4. Determining perpendicular scale 

By way of analysis and research, perpendicular scale for relatively slow trend should be relevantly bigger, perpendicular scale for hypsography evidence and upper altitude area should be smaller.In the Atlas3D software, we can arbitrarily set perpendicular scale of relief shading map. In default, the coefficient of perpendicular scale is 1, if we want to enhance the three-dimensional effect of topography, we can choose coefficient more than one. To enhance three-dimensional effect of relief shading in part of the district we can make shading map with perpendicular scale which is larger than 1in individual region. Finally, the shading map is synthesized with other image in Photoshop. In this way, we resolve a problem that landscape in certain areas is hard to be expressed in digital environment.

5. Data processing of mapping projection transformation

DEM file format of database need be transform to ASC file format that can be straightly accepted by Atlas3D. It is necessary to amend records of coordinates before map projection transformation in Arc/Info. Specific modification method can be seen in figure 5.
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a) Sketch map of position recorded in original data file 
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b) Sketch map of position recorded in data file after file merger
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c) Sketch map of position recorded in revised data file 

Figure 5  Sketch map of revising position recorded in coordinates data file 

We need transform data sources in Gauss - Krüger projection to vector data in conical equal-angle with two standard parallels projection. At the first DEM data must be merged in Atlas3D (Figure 6). 
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Figure 6  Data merger before projection transformation

Then map projection is transformed in Arc/info. Or else we may have a problem that the regional with no data lay over the regional with data and we can’t get whole relief shading (Figure 7).
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Figure 7  Data merger after projection transformation

6. Put together and synthesize technology for relief shading mapping 

The last step is splicing and synthetic of shading levels. The image format of “Wall Map” is much bigger than the largest scope of canvas of Photoshop. The image size to be edited should be not bigger than canvas size in Photoshop, or else the canvas image will be automatically cut. Of course, reducing image can make the largest scope of canvas bigger, but the image can not meet need for map data output. If canvas’ size is 2 950 mm × 2 140 mm, the image resolution needs to down to 258dpi, which influence the image affect. If keeping the image resolution 300dpi, the largest canvas in Photoshop is 2 950mm × 2 020mm or 2 397mm × 2 140mm. The whole image size is no less than 2950mm × 2140mm. In addition vector graphic data is divided into nine for making. For above reasons, we have adopted following techniques:

(1) CorelDraw can easily zoom image size. After the projection transformation File asc has this record: number of rows ncols, number of line ncows and grid spacing distance (actual distance) cellsize. Therefore, a simple mathematical conversion, it is easy to know the size of the shading map in 1: 2 500 000 by a simple mathematical conversion. After size transformation according to scale in CorelDraw, the shading map can be fully overlaid with vector data layer.

(2) The shading photo generated need to import into CorelDraw vector files which storage No.5 vector map. No.5 vector map locate at the central of “Wall Map”. After overlaying vector map with shading map, we can make sure range of shading map. 

(3) We use nodes editing tools in CorelDraw to hold the scope of the image exported and then export images separately. When images are exported in CorelDraw, the largest size of image is restricted by two constraints: resolution and number of pixels. Length and width of image must be smaller than 10 000 pixels, or else CorelDraw will automatically compress image into 10,000 pixels, which will bring image reformatting. When images resolution is set to 300dpi, most long edge of 9 images is larger than 10,000 pixels. In this case, 9 images should still be divided into two parts (for sufficient overlap zone), and be exported separately, and then re-assemble into an image in Photoshop. 

(4) In Photoshop, we have to consider how to make position when putting together land-shading map and marine shading maps. We chosen water features, such as, rivers, coastline, as position reference. Water features be exported from CorelDraw as image format, in Photoshop as a basis for mosaic (Figure 8).   
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Figure 8  Digital color relief shading map
7. Conclusion 

Based on relief shading theory and methods, this paper made an intensive and systematical study of the entire process of automatic relief shading in digital environment. Original data are processed and edited in Arc/info, Atlas3D, PhotoShop7.0 and CorelDraw9.0. And we get digital color relief shading map. Several key technologies of producing process were analyzed. The color relief shading mapping of "wall chart" is a successful example, which will explore broader foreground for digital color relief shading mapping. 
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