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Abstract: Benchmark land-price is the average price for land-use privilege in a special period of time; it is estimated at a certain time, and categorized according to the land use form. Accompany with the increasing pace of urban modernization, benchmark land-price has become one of the fundamental data for urban planning and land administration, it is the guideline and reference for government to bidding, auction and taxation, so as to control urban land-price and make economic develop normally and healthily. 

Since different districts have different condition, land-price sample data often appears discrete and scatter, which increase the difficulty to analyze and make decision. Process, analyze and discover the knowledge veiled in the raw data, and exhibit it in the form of 3D visualization can dramatically improve the work effectively and efficiently. 

This article disserts the generation of land-price grid, tracing of contour, and 3D visualization of land-price information. Based on the sample data, we first discuss the characteristic of sample data and most interpolation methods, then choose the natural neighbor as the basic interpolation method, and do some modification to make it more suitable to generate land-price regular grid; secondly, contour can be traced automatically base on the regular grid, at the mean time, topology relationship is built to support further exploration, and how to avoid misunderstanding is also discussed; finally, combined with urban DEM, DOM and DLG, the land-price can be visualized in 3D circumstance, thus give the user a more realistic and natural way to perceive the knowledge veiled in the data. Through the experiment, the methods proved to be good stability and efficiency.
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1. Preface

Benchmark land-price is the average price of land-use privilege such as commercial, resident, or industry etc., it is base on the different grade and quality at present condition and evaluated by a certain day, according to the longest use time regulated by the law. As the average price of land, benchmark land-price is very important to urban land administration; it can provide valuable reference for government’s macroscopic adjustment and control and offer authoritative land-price information for investors and house buyers.

Urban benchmark land-price is always updated based on sample data, and re-evaluated according to local land-price model. Since its large number and irregular distribution, it is unconceivable to deal with the work manually, so professional program or software is indispensable. This paper starts from the sample data, then disserts the generation of regular land-price grid, tracing of contours, and 3D visualization of land price.

2. Interpolation of benchmark land-price sample points

In order to show the distribution characteristic of urban land price better, and study the mutational law, then lift the level of urban land utilization, periodical update of benchmark land-price is necessary. Since different area has different sensibility to the geographical location, sectional center always has higher sensibility than suburb, so the sampling of urban benchmark point should stand on the land-price distribution characteristic and change frequency. For the districts that have large mutational gradient, dense sampling is needed to get accurate information, which is unnecessary and something waste while applied to the suburb or large homogenous area. As a result, the sampling data often appears irregular and discrete, obviously, this data structure is not appropriate to give decision-maker a macroscopic and precise perception.

Geo-space is continuous, the same as the change of benchmark land-price which is carried by geo-space. In order to study continuous space through disperse samplings; interpolation is needed to provide numerical value and mutational gradient. There are two methods that are commonly used, first is building TIN, send is constructing regular DTM.

Since the easily clipping, merging and management, regular DTM is widely used in actual application. This paper also adopts this data model.

2.1 Inverse Distance to a Power

2.1.1 Principle

This algorithm of “inverse distance to a power” is a weighted average algorithm; it considers that nearer points have larger influences than farer points, and the parameters control the influence degree of distance, the formula likes the following:

f(p) = ∑(di)-μzi / ∑(di)-μ     μ>0, di≠0

f(p) = zi                 di=0

When point “P” runs to point Di, the molecule and denominator of item i both approach to infinity, but other items has their boundary, so lim f(p) = zi, Which meet the requirement for continuous exactly. 

According to the partial derivative of f(p), we can derive that when μ＜1, partial derivative does not exist, while μ＞2 often lead to a relatively flat area around every samples and greater gradient between two samples. So, μ=2 is comparatively suitable for interpolation, not only the result has satisfying appearance, but also easier for calculation. (Figure 1.)
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Fig1. Different μ and the interpolation result

2.1.2 Deficiency

Classic algorithm of “Inverse distance to a power” is simple and natural, but it also has obvious deficiency:

(1) When there is large quantity of samples, calculation would be a hard task. This is easy to see.

(2) The algorithm only give thought to distance, but does not take direction into account. For example: we plan to calculate the value of grid “P?”, P1, P2, P? are on the same line, so, even P2 is close to P?, it is screened by P1, that is to say, P2 should not join in the interpolation. (Figure 2)
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Fig2. Influence of direction 

2.1.3 Improved algorithm

As the above has figured out, we need to resolve two issues: choose the most important samples for interpolation, and screen the co-linearity.

As we know, when we study the adjacency of distribute points, VORONOI diagram is a good tool, it divides space into some pieces according to the distance, which opportune satisfies the requirement of interpolation, and since the feature of VORONOI diagram, the VORONOI polygon of P? and P2 would never be adjacent, which can be used to avoid the influence of direction.

As figure 3 shows, we can get the value of grid point by the aid of VORONOI, 3(a) is the diagram generated from original data, when calculating the value of grid point, we need to added it to the samples data, and it will modify the shape of VORONOI, figure 3(b) shows the result. Detailed process is narrated in reference 7.

From the right graph, we choose two layers, whose VORONOI polygons are close to the point, and only use these points to calculate the value of grid point. This method can avoid a lot of computation, while does not reduce the precision of the result. Since outer layer is far away from the grid, and because of the influence of direction, weight of each point should vary according to the direction. As figure 4 shows, inner points need not to consider the direction, but outer must take direction into account. When the point on the angle bisector, it has the same weight as the “Inverse Distance to a power”, or the more the angle to the bisector, the less the weight of the point.

[image: image5.png]


    [image: image6.png]



(a) original VORONOI diagram                    (b) After add grid point

Fig3. Samples for calculation
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Fig4. Weight of outer points

3. Automatic contour tracing

Contour presentation is an effective way to show geo-information, and it is broadly used in cartography and GIS. Generate contour of different index and make it visualized directly will give much benefit to the research of urban land-price.

Flow of contour tracing can be described by figure 5. For each contour, we first make the grid bivalent, and then scan the border to find out the outer contour which means its enclosure box falls outside the region, after that, we scan inner area to find inner contour. Last step is building topology of these contours and filling them with different symbols according to the property. Then, we can view it in the form of 2D or 3D. The followings will come into the detail.
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Fig5. Flow of Contour Tracing

3.1 Inner contours tracing

Inner contour is the contour that lies totally within the area, its start point and end point are coincident, and it is the standard representation of contour. The process is comparatively simple compared to other types; the followings will go into the detail.

1. Scan and mark the grid line: scan every grid line, if a point’s value beyond the index, while the other below, mark it with the value 1, else mark it with -1;

2. Reset the array that flagging whether a grid line has been traced;

3. Start at the lower-left corner, and scan every grid line, if there is isograms exists, begin the following steps:

(1) Interpolate and calculate the coordination of start point, push it into the chain;

(2) Mark the grid line with TRUE (imply it has been traced);

(3) Start at the point; calculate the exit line and the coordination in the uniform divided triangles;

(4) If exit is the same as start point, then jump to step 4; else jump to step (1) and repeat step 3;

4. Push the isograms into the chain whose value is current index;

5. Go on scanning forward, if there is isograms exists, then turn to step 3; if current position is the upper-right corner, contour matching value tracing over.

After one contour is traced, we can get next according to the value interval, thus all the inner contours can be traced. The following figure will show the flow:
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Fig6. Flow of inner-contour tracing

Actual realization goes like the following fake codes:


for (i=1; i<row-1; i++) {



for (j=1; j<col-1; j++) {




if (already traced) continue;




if (flag1[pos*2] * flag1[pos*2+1] < 0) {
// isograms exists.





// interpolate and calculate the coordination.





IsoLine* pLine = new IsoLine;





TraceOneIso(flag1, flag2, pLine, i, j);
// fill the array.




}



}

}

3.2 Outer contours tracing

Theoretically, contours should be closed, but in fact, there are often exceptions that cause them open, usually, there are two cases:

(1) There are transversals exists in the area, which cause the contours terminate;

(2) Because of the limit of map extent, contours end up at the border.

Contour tracing is usually implemented on the basis of regular DEM or TIN. If we consider border as a special constrained line, then the work can be done in the same manner. As analyzed, since unclosed contour starts at constrained line, it ends at constrained line too, so as long as all the points that matching the value on constrained line are found, all the unclosed segments of contours can be traced. For the convenience of later cartography and analysis, these segments must be closed, and the basic method is combining these segments with partial constrained line to build a closed shape [5].

Actual realization goes like the following fake codes:

for (i=0; i<col-1; i++) {

// bottom



if (flag2[i] == 1) continue;

// already traced.



if (flag1[i] * flag1[i+1] <0 ){

// contour come through.




// Interpolate and calculate the coordinate.




IsoLine* pLine = new IsoLine;




TraceOneIso(flag1, flag2, pLine, i, 0);
// fill the array with points.



}

}// then turn to right, top, left to complete the border scan.

As fore-mentioned, outer contours are unclosed, so there is an extra work to be done --- close the isograms to build a closed shape. To do this work, when doing the above work, the sequence number of isograms and terminal points are recorded, then we extract partial segments of constrained line and combine them with isograms according to the sequence, left-turn or right-turn algorithm is used.

3.3 Build topology automatically

In accordance with the method disserted in 3.1 and 3.2, the outcome is a series of polygon, no relationship among them. To support later statistic, analysis and visualization, topology should be built first. 

Substance of building topology is to build up inclusion relation. Typical way goes as the follow: for each contour, draw a ray from its inside, and calculate which contour it intersects first, record it as parent contour which also records the former as  child contour, thus we know all the inclusion relations and can build topology.

Realization of upper method is a time-consuming work, as to contours, its some specialties can be utilized to boost the efficient of the procedure. There are three points can be taken advantage of:

(1) Different contours won’t intersect;

(2) Adjacent contours’ value are also adjacent;

(3) Judgment of inclusion relation can be replaced by bounding box.

So, when calculating parent contours, we only need to search those contours whose value just less than or large than current contour. Further, according to the size of bounding box, we can know who is parent contour and who is child contour. This method doesn’t need much calculation and can greatly boost the efficiency.

3.4 Several issue

When executing the algorithm, some issues may come out, one is numerous odd contours, and the other is ambiguous trend occasionally.

3.4.1 Odd contours

Odd contours are the polygons that carrying few nodes and omissible area. There are many odd contours when then process done, this is caused by the algorithm itself. Solution against this issue here is omitting those contours whose length and area less than a predefined threshold, thus we can get a reasonable result.

3.4.2 Ambiguous trend of contour

As figure 7 shows (figure 7-a, b), when 0 and 1 appear on opposite angles, the isograms has two trends, which will cause indeterminacy, this is the ambiguous issue in contour tracing. Apparently, we need a fix way to determine the trend. As figure 7-c shows, when the grid is subdivided into four triangles by the diagonal, ambiguous isograms is no longer in existence. For example, a contour enters into a grid from the bottom, if we don’t subdivide the grid, there will be two selections as 3-a and 3-b shows, if we use the method demonstrated in 3-c, the direction will be unique to go right, a more reasonable choice in most cases.
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(a)                    (b)                    (c)

Fig7. Ambiguous trend and solution

4. 3D Visualization of land price

Traditionally, graphical information is mapped in planar mode, as to DTM, it is often expressed in the manner of layering, which use color to represent the land-price. Additionally, if we deem land-price as the “altitude” of a certain location, then 3D visualization can be adopted and user can obtain more directional acquaintance.

Similar to visualization method of DEM, there is two methods: parallel projection and perspective projection, layering and texture mapping are also applicable. Figure 8 is the sample of land-price visualization.
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(a) Ortho-Projection                      (b) Perspective-Projection

Fig8. 3D Visualization of benchmark land-price (Perspective-Projection)

5. Conclusion

Based on the previous dissertation, we realized the entire algorithm which is divided into three components: interpolation component, contour tracing component and visualization component.

Test application starts from more than 3000 original sample data, after setting up 164×144 grid, contour tracing and visualization can be performed smoothly, and the testing also proves its stability and adaptability. Figure 9 is the snapshot of contour tracing.
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Fig9. Contour tracing
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