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ABSTRACT
It is the main method to get the vector data that raster-to-vector conversion. Generally speaking, we often switch the image to a binary image or distribute the plate of colored map before vector. Sometimes we collect the geographic data on the separated original directly. But, it is inefficient, at the same time, it may lead to some consequences such as elements separation and data tattering. In order to remove the effects of map separating and thinning and extract the linear objects skeleton speedily and efficaciously from colored scanning map, this paper presents a detailed lens tracing method for liner objects based on its various appearance in image. An algorithm of part thinning and asynchronous operations is put forward. During the process of line tracing, a lens window is open and it moves along the line. Now, the contents in the window are only lines except the map background. We can put part-image into the memory of the computer and do some thinning. And then we can judge what is the middle and what is the intersection or the end of the line. According to the idea, we can extract the whole geometric information of the lines. Examination is done in many different liner objects conditions and in the actual map digitization, the system that takes the algorithm as the dominant factor is used by the author. It is proved that it is rapid and perfect to fellow lines on a 24-bits scanning map in some actual data-extraction. It can be applied in many fields of data acquisition and data update of map surveying and GIS.
1 INTRODUCTION
With the rapid development of the economic, more and more geographic information has been used to develop the efficiency and level of planning, managing, monitoring and decision-making. Therefore, it has been insistent demand to enhance the build of multi-scale digital geographic spatial data frame and the update of basic geographic database.

Linear object is the most important feature in the topographical map, just as water system, traffic and abuttal boundary, which are the main information in the spatial data frame. How to accelerate the linear object acquisition speeds is the main problem for the surveying and mapping workers to resolve. Nowadays, the main data source of GIS is gained from maps, which is realized by scanning vectorization. With the aspect of semi-automatic linear object extraction, the history fell into three phases: vectorization of black-and-white scanning maps by thinning, vectorization of black-and-white scanning maps by no-thinning, verctorization of color scanning maps by layers-separate. Recently, The verctorization of all geographic elements of color maps has been one of the research focuses. However, there's less relative practical and easily operated achievement.

In this paper author analyzed the characteristic of the linear object in the colored scanning map. On the basis of the analysis, the whole process of linear objects skeleton is grouped by two parts, on one hand, we can identified the attribute of the linear objects, and on the other hand, we can gather the geometric information by partly thinning tracking. Even more, the two steps are synchronous by two threads. It is proved that it is the efficient semi-automatic extraction for the linear objects of scanning topographical maps.

2 FEATURE ANALYSIS FOR LINEAR OBJECT 

Firstly, the topographical map should be preprocessed as follows, sheet automatic orientation, image rectification, background simplification, wipe off dirty, wipe off burrs, and fill up small holes. After removing the essential errors on the picture plane brought by the scanning, the needed extracted features appeared. To the linear objects, the characteristics were set out as follows:

· After being background processed, there are large chromaticity differences between the linear objects and background, especially, the pixel values on the line are clear different from their neighbors on the background. If given the background elements a value or some values, it is easy to distinguish the pixels are whether geographic elements or background elements according to the elements’ values.

· Usually, the printing of topographical map is four colors printing. It is also said, the color kinds of topographical maps are limited, these are blue, green, black and brown, adding the overlay color, there are no more than 16 kinds of colors. After scanning, the elements’ values of linear features with the same attribute changes within small range, which means the chromaticity variance is small. However, the difference among the features with different attributes is very large.

· Although the width of one line is not same, for example, the upper reaches expression of a river is not same as the lower reaches. But on the maps, it can be treated as a same width in a small range (length).

· To the linear feature, the width is limited.

As a practical and efficient tracking method, lens tracking method is proposed under the idea of macro-controlling and micro-tracking, which is just based on the image characteristic of linear feature.

3 LENS TRACKING METHOD

Color image is different from the binary image and gray image, whose colors number is much more, image file is larger, feature overlay is more complex and the image processing is more difficult. For the linear objects skeleton, how to make sure the tracking of one line and automatic recognize the junctions and end points, which became the key of efficient tracking.

The general method adopted the aggregating process as maximum likelihood to the color image, which took tracking based on the picture separation or image separation. Adopting this method, it may bring some confusion to the feature, attribute and data. For example, there are some cracks one the continuous elements after plate distribution. Sometimes, some elements on one map layer are arranged to other layers. In addition, there exists frequent repeated operation, and the efficiency is often low.

Lens tracking method dissolves such problems brought by picture separation, which takes line tracking in the color map directly. The programming steps were described as follows:


Making sure initial point

When mouse is put on any position of the tracked line, the current position of mouse is recorded and the corresponding coordinate is translated. Then, the position of mouse and image elements is got accordingly. Next, we will find the end points or the junctions of the line, and then, by the right key of the mouse we will choose one as the initial point of tracking line.

Making sure lens windows

Firstly, making the current initial point as the center and setting a suitable rectangular range, just as in a color image of 200dpi resolution, the range may be defined as 15×15 pixels. The range is defined as a lens-window. Then, reading all the data within the window into the EMS memory, and then analysis the data in the memory especially.

Binary and thinning of data within lens-window 

In this paper, the key of the algorithm is the binary and thinning of data within lens-window, which is thought as follows: ①Image thinning is the common line tracking method. To the color image, thinning is relative complex, which will consume more time and might bring some error. However, to the binary image in small range, it only needs less time and the error won’t almost happen. So, thinning in the small image range is feasible; ②The value of each point in the color image is basically different. For easily dissolving, usually it is needed changing to binary image. If all elements are changed to binary image, it is hard to distinguish the lines from different attributes. But the lens window is small, the data in the EMS memory is limited, if they are changed to binary, it won’t throw the structures into confusion, meanwhile, it provides clear path for line tracking; ③Image thinning and line tracking are two separate processes. With two processes separate controlling, the tracking speed and efficient are largely improved.

Along with the tracking direction, thinning, judging of the points’ attributes and tracking are done at the same time. Just as one lens, along with one line’s direction, the geographic information is captured after the tracking. Therefore, it is named as lens tracking method.

Judging of tracking points, junctions and end points

When the image data within the lens-window got thinning, the width of linear feature is just one pixel. According to the pixel characteristic of the eight neighborhoods, it is easy to judge whether tracking points, junctions or end points. If there are two pixels, the new point should be treated as tracking point of uncertainty, according the thought, we can track all the data until to the edge of window. Then, the last tracking point will be the new initial point; if there are more than two pixels, the point should be treated as the junction of the line, which is the new initial point. After given new tracking direction, the tracking process continue; if there is only one pixel, the point should be treated as the end point of the line, and the line tracking is over.

Dissolving of image edge and closing line

If the tracking gets to the edge of image, the lens window will go beyond the bounds of the map, the outside range will be treated as background in the EMS memory, the automatic tracking of line can be assured correctly.

To track one closing line, such as closing contour line, it often makes perpetual cycles. Therefore, the first cycling point should be recorded. If meeting such point in the tracking process, the line tracking should be ended to avoid the perpetual cycles.

4 LINEAR OBJECT EXTRACTION FROM COLOR IMAGE

Extraction of topographical map mainly includes two aspects, one is the ensuring of attribute information, and the other is the record of spatial data. In this paper, les tracking method can extract the linear feature of the topographical map efficiently. In addition, the attribute information of tracking object can be imported and modified anytime. The whole extraction details are described as follows:

1) After making sure a feature’s line extracting, importing its attribute information.

2) Pressing any point in the line with mouse, the initial point will skip to some an end point or a junction. Choosing one of the points as the new initial point.

3) Pressing the line again, steering the tracking direction.

4) According to the inducting direction, extracting the whole line automatically by lens tracking method until reaching another junction or end point.

5) Waiting for the next steering of tracking direction.

6) After tracking over a linear feature, waiting for the clue to the next initial point, or the attribute importing for another feature.

7) After raster to vector, forming the finial spatial data according to a standard format.

Figure 2 represents the whole process of programming.

Although the tracking data is basically the centre line of raster line, there are also of problems, such as jagged outlines, wobbling, and great deal of redundant information. Therefore, the vector data should be smoothed and compressed. The afterward dissolving mainly includes two aspects.

Smoothing of vector data

In the tracking process, what we use is the path of thinned linear object, what we extract is the center of linear object, which may easily bring jagged outlines and wobbling phenomenon. In this paper, it dissolves the vector data overlay with original image, adjusts each point in the scanning map to the center of original raster line. Then, the jagged outlines phenomenon can be eliminated efficiently, and the vector data is smoothed.


Compressing of data

Smoothed vector data could satisfy the basic demand. However, because of too many points, the data needed be compressed. The data compressing mainly adopts the “Douglas-Poicker” algorithm, which could both keep the vector line’s shape characteristic and choose the compressing quantity. Therefore, this algorithm could compress the data furthest when satisfying the fitting precision.

5 SUMMARY

In this paper, the algorithm proposed can track the linear feature in the colored scanning map. With little modification, this algorithm can also be used to track the boundary line of area features. For the color image has no image distortion, this kind of tracking can satisfy the needs of both data acquisition and attribute setting, which is also very efficient. For the complex point features or geographical name lettering, which can be identified automatically with repository and other algorithms, because of their disciplinary of the shape, structure and size. With all these effects, the function module for practical map data acquisition and dissolving can be formed. The function can be widely used in the map making, data acquisition and revision of GIS, and so on.

With lots of experiments done on topographical maps, the tracking effect was very well. In plenty of multi-scale spatial data producing mission organized by author, the data acquisition system with this algorithm shows its great advantage. The required time is one fifth of using manual tracking digitizer, is one third of using screen collection system. Besides, the layer collection and all details display make the operation associative perception. And the data equality is also improved greatly.

To large-scale maps or the maps including simple linear feature, such as contour line, the algorithm is very efficient. However, to the thin lines, especially with lots of junctions and breaks, the algorithm needs to be further strengthened and improved.
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Figure 2:  Programme Flow Chat











