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       ABSTRACT
We present a method of representing octal graph for rendering multi-resolution
3D landform maps. It is often necessary to transform landform data to change the
resolution of specified areas, since fewer polygons is good when visualizing 3D 

landform. Landform data can effectively transformed by our method. For example,
It is fine meshes in certain focused area, and somewhat rough meshes in other 
area by unification takes less time.
1. Introduction
3D landform maps are commonly used in visual communication. However, visualizing 3D landform maps with broad areas often requires an unfeasible amount of computation time, since they have a large number of polygons. Usually, one needs fine (50 m) meshes in certain focused areas and rather rough (e.q., 1 km) meshes　in other areas. Such multi-resolution 3D maps may satisfy both a user's needs for fineness and rapid computational time. Thus, we will disscuss new methods of representing multi-resolution 3D landform maps. We recently proposed octet degree rectangular dissection graphs for general rectangular dissections in document processing [4]. We also applied these graphs to meshed map processing.

We modified and designed another octet degree rectangular graph for 3D maps. We propose list structure called H7-code in this paper. the H7-code satisfies both fineness and rapidity in the above sense, and corresponds to dynamic changes in maps.
2. Preliminaries

2.1.1 3D Landform Maps

3D landform maps (3dlms) are 3D Computer Graphic of landform (Fig. 1), and divides rectangles, whose nodes have attribute data (Fig. 2).
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Figure1: 3D Landform maps    Figure2: rectangular
2.1.2 Rectangular dissection
In this paper, we deal with tables with heterogeneous rectangular dissections (compare Fig. 3 with 4).
Here, we review the definitions of tables and tabular diagrams given by Motohashi et al. [2].
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Fig. 3: heterogeneous rectangular dissection          Fig. 4: homogeneous rectangular dissection
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2.1.3 Tessellation Graphs ([2])

Let us also review the definition of attribute graphs representing tabular diagrams.

Definition 2.3 [2] An attribute graph is a 6-tuple 
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In the following Rules 1-4, a label 
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Fig. 5: Rule 1                 Fig. 6: Rule 2               Fig. 7: Rule 3             Figure 8: Rule 4
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2.2 H3-code

H3-code is a data structure that achieves the representation of tables based on tessellation graphs, and has been developed for the application to heterogeneous table processing in documents.
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Fig. 9: Sample of heterogeneous table and corresponding H3-code

2.3 Operations on Grid Graph

Unify-Cells unifies two adjacent inner cells in a rectangular dissection([3]).
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Fig. 10: Changes in table and corresponding graph via Unify-Cells

3. Landform Octal Graph

Definition 3.1 Landform Octal Graph is an attribute graph 
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Figure 11: 3D landform maps and corresponding rectangular dissection and landform octal graph. The altitude at these red circle on this 3dlm are stored in these cells.
3.1 Characteristics of Landform Octal Graph

By using by octal graph operations for Unify Cell of Focused area to reduce polygons can be carried out simply in fewer minute.　We show the differences of computation time for unify cell (fig.12). In the case of Rectangular dual, the computation time is proportional to time n. But, in the case of octal graph, the compution time does not depends on n,
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Figure 12: The differences of computation time for unify cell

3.2 Example of landform octal graph

We show Example of landform octal graph(fig.13). The picture on left is 3D landform Map.
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figure 13 : 3D landform Map(left). And corresponding Rectangular dissection (center) and landform octal .graph (right).
4. H7-code

Local splitting and unification of meshes are indispensable in generating 3D maps from numerical maps. Furthermore, the addition of geographical information to data is also required. The aim of this section is to present a new data structure and operations on such data to enable us to transform 3D maps (e.g., mesh unifications) and extract geographical features (e.g., ridges, valley, contour line) more effectively.

4.1 Outline of H7-code

Note that the construction of H7-code consists of four blocks.
(1) Header Block

The header block has basic information on rectangular dissection and consists of three fields (expect spare).

(2) List Block

The list block has information on the attributes of cells. The number of cells equals the number of records. This is 32 fields per a record(Fig. 14).

(3) Content Block

The content block has information on the picture to rapping 3D landform maps.

(4) Tabular layer block

The tabular layer block has information to manage rectangular dissection.
For example, the table in Fig. 15 is encoded with H7-code(Fig. 16). This type of data structure for the arrangement of cells was first introduced in H3-code [4]. The contents part involves data related to cells such as numbers and characters, which express altitudes, place-names, and pictures mounted to the surfaces of 3D maps. A picture of Mt. Fuji in Fig. 17 is produced form a H7-code file in Fig. 16.
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Fig. 14: detail of list block                  　　　    Fig. 15: Example table
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#

# Date: 2005.08.31 Time: 17:13

# MESH SIZE: 50m

# MAP NAME:Mt. FUJI

# MESH CODE: 533805

# LINE: 001 - 200 (ORG: 001 - 200)
# COLUMN: 001-200 (ORG: 001 - 200)

1.1420020000000
1000200203020301-100000000000-10000000
2031310204020401000000000000-10000000
3042420205020501120000000000-10000000
4053530206020601230000000000-10000000
5064640207020701340000000000-10000000
6075750208020801450000000000-10000000
7086860209020901560000000000-10000000
8097970210021001670000000000-10000000
901081080211021101780000000000-10000000
1001191190212021201890000000000-10000000
1101210121002130213019100000000000-10000000
12013111311021402140110110000000000-10000000
13014121412021502150111120000000000-10000000
14015131513021602160112130000000000-10000000
15016141614021702170113140000000000-10000000
16017 151715021802180114150000000000-10000000
17018161816021902190115160000000000-10000000
18019171917022002200116170000000000-10000000
19020182018022102210117180000000000-10000000
20021192119022202220118190000000000-100000
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Fig. 16: Sample H7-code files                   　 Fig. 17: 3D landform maps of Mt.Fuji
5. Application

We also report a conceptual model of a processing system based on H7-code, which we are developing for 3D map visualization. The concept for the visualization system based on H7-code is shown in Fig. 18.
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Fig. 18: Concept for visualization system based on H7-code
6. Comparison

Let us now discuss the advantages of our new data structure by comparing the number of meshes reduced with quadtree with those with landform octal graph.

We compared the landform octal graph with quadtree to　confirm the advantages of the landform octal graph. We made a rectangular dissection of Nagano's altitude data, and confirmed the Unify-Cell of several methods.

The number of cell of original rectangular dissection is　64(Fig. 19). The number of cell of rectangular dissection to be　made method of quad-tree is 55(Fig. 20). The number of cell of rectangular dissection to be made method of landform octal graph is 27(Fig. 21). Therefore we show to reduce number of cell by method of landform octal graph than quadtree. 
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Fig. 19: Original rectangular dissection (left) and Quad-tree to be made method of landform octal graph (center) and Rectangular dissection to be made method of landform octal graph (right).
7. Conclusion

We proposed octal graph representation for multi-resolution 3D landform maps and a landform octal graph is composed of an octal graph, altitude, and color. We implemented a landform octal graph with H7-code and discussed the advantages of the landform octal graph over quadtree. We proposed a structure for a 3D landform map system and discussed the advantages of the landform octal graph. As for Future work, we implement a structure for a 3D landform map system and plan to achieve hexadecimal graph representation for stratum maps.
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