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Abstract: Cartographic text becomes the most important facility for transmission of map-information and makes map to be more readable and interpretable. As is known to all, it’s the most time-consuming task to produce a map. This paper mainly discusses the labeling methodology of point, line, and area features. In this article, we start with the guidelines of map labeling rules. Then we study the labeling methodology of point, line, and area features. We simply conclude the labeling methodology of point and line features based on the study of other researchers. The labeling algorithms of area features was studied in detail, such as labeling as point feature, labeling along the skeleton line of area feature, labeling of dispersed area features. Then we implement these algorithms in text placement module of an auto-map system in VC++ environment. A case study showed sound cartographic results of the labeling and acceptable computational efficiency.
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1. Introduction

Maps are important tool for visualizing geographic locations (Qing-nian Zhang, 2005). The tasks of Map labeling are the most time-consuming to produce a map after the collection of map data (Freeman, 2005). The solution of map labeling represents the judicious application of techniques drawn from pattern recognition, image processing, and computational geometry to solve a vexing practical problem (Freeman, 1983). The label should neither overlap other labels nor any other cartographic objects. Such problems are typically NP-hard (Marks and Shieber, 1991; Formann and Wagner, 1991). In this paper we discuss the label methods for point, line, and area features and the design of text placement in automated cartographic system. Automatic system for text placement must conform on the same conventions and aim at the same level of cartographic quality (Yoeli, 1972). In most algorithmic treatment, label placement is posed as a global optimization (Kakoulis and Tollis, 2003)-e.g. place the maximum number of labels without overlap, given a set of alternative location for each label. Labels are an essential aspect of maps. it is necessary to label roads, landmarks, and other important features to help users understand their location and the environment. The labels should be easy to read and should follow basic cartographic rules (Qing-nian Zhang, 2005).

Map labeling can be divided into point, line and area labeling. Point labels are preferably positioned above and to the right of the feature, but other positions in connection to the feature can also be considered. Line labels should follow the line feature, be placed in unoccupied space and preferably be almost horizontal. In area labeling, it is important that the label is set inside the area, and stretched so it represents the whole area (Imhof, 1975; Robinson, Morrison, Muehrcke, Kimerling, & Guptill, 1995). 

This paper mainly discusses the label methods of point, line and area features. And it simply concludes and implements the label methods of point and line. According to basic cartographic rules, this paper pays more attention on the labeling methods of area features in several possible ways------labeling as point features, labeling of dispersed area features and so on. This paper starts with guidelines of map labeling rules. Then our methodology is described. The map labeling methodology was implemented in a VC++ environment and evaluated in a case study, as described in the following section. Conclusions are presented in the last section. 
2. Rules of map labeling

Map labeling is an important aspect in cartography, and several authors have stated the rules of name placement. For example, Imhof (1975) stressed the legibility of the map labels; the labels should not only have the correct font, size, etc., but also be positioned well in relation to other labels. Furthermore, Imhof stated that labels should disturb other map content as little as possible (features as well as other labels) and assist in revealing spatial situations.

The labeling methods of point, line and area features are different, for the different geometrical character of them. Some cartographic labeling rules can’t be broken no matter what feature it is. The common rules include the following aspects (Hong Fan, 2001). 

1) No overlap with other labels

2) No overlap with other cartographic objects

3) Avoid overlapping in the same color, if it is hard to avoid, choose the subordinate objects or the different color features

2.1. Point features

Point features are always positioned surrounding the point objects (Fig. 1). It Mainly considers the close relationship between the labels and the point symbol and whether the label overlaps other labels or has conflicts with other cartographic objects. 

Point features labeling rules include the following factors: 
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Fig. 1. (a) 5 candidate positions for placing text about a point feature.  (b) 6 candidate positions for placing text about a point feature. (c) 9 candidate positions for placing text about a point feature.


5, 6, or 9 candidate positions or may be more positions for point labeling. 5 candidate positions, the right of point feature is the optimal labeling place, then above, left, bottom (Fig. 1. (a)). The PRI of 6, 9 candidate positions is showed in Fig. 1. (b) and Fig. 1. (c).

2.2. Line features

Line features labeling rules include the following factors:

1) Map labels must be placed along the buffer line of line feature

2) Map labels should be adjusted to the line

3) Map labels must not be placed on the line feature

4) Map labels must be placed several times (12-15cm one time), if the length of line feature is too long to be positioned just once.

2.3. Area features

The labeling rules of area features are complicated because of the complex graphics characteristic of area features. Generally, there are five label rudimental modes for area features.
3. Methods

For point labeling, Jones (1989) implemented a point labeling method in Prolog. He defined a number of candidate positions for the label to each point. Then, the candidate positions were classified according to whether there was any cartographic object that would be hidden. The label was placed in the best possible location and then the next label was treated. The method allowed backtracking, when the position of one label would hide a suitable position of another label. For line labeling, methods for both discrete and continuous search space have been studied.  Edmondson, Christensen, Marks, and Shieber (1997) proposed an algorithm searching for a number of discrete candidate positions to place straight names by a specified increment along lines. Wolff, Knipping, and van Kreveld (1999) suggested a method to generate a strip along the input line objects for placing curved names along the lines.

For area labeling, Barrault (2001) defined a method for labeling areas with circular names. Based on morphological operators and skeletonisation technique, candidate support lines for label placement were found inside an area. Then a circular text was placed along a selected support line and evaluated with a novel quality function, so as to cover most part of the area. 

3.1. Point labeling

For point features, the text should be placed close to the feature, with horizontal placement generally preferred. It is convenient to identify 9 primary locations, as illustrated in Fig. 1(c). The point symbol is identified by the small circle in the center, with locations 1 through 8 surrounding it. Location 9, centered at the point coordinates, would apply if instead of a symbol the text itself is to mark the point location. The user can chose one location or give a number of choices in decreasing order of preference. There is some flexibility about the locations, and the software will make micro-adjustments in a location (as suggested by the dashed lines surrounding location 1) if this would result in successful placement (Freeman, 2005).

3.2. Line labeling

For line features, text is typically placed centrally along the feature, as illustrated in Fig.2. . For very long features, the text may need to be placed more than once. The most important algorithm for line labeling is to generate a strip along the input line objects for placing curved names along the lines. The labels are placed along the strip using labeling constraints on line features. 
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Fig.2 Texts placement for line features

3.3. Area labeling

For area features, Area labeling is somewhat difficult than line labeling and point labeling because of complicated shape of area and variety of labeling method such as labeling as point features, labeling horizontally or vertically in area and so on. It’s must be more difficult to label automatically considering the overlap with other labels or cartographic objects. Generally speaking, there are several labeling styles for area features. It is different that the methods and strategies used in area labeling. 
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Fig.3 (a) The Research emphases for text placement of dispersed area features (b) The Research emphases for text placement of hydrology element. 
3.3.1. Labeling as point features

For one single area feature, if the acreages of the area is too small (the acreages of area is smaller than the acreages of one word), the labeling of this area is the same as point features, as illustrated in Fig. 1(c).

3.3.2. Labeling horizontally or vertically in area features

Generally, for an arbitrary area, we first estimate the acreages of the area whether is smaller than the acreages of one word. If it is, then labeling as point feature, or else we must estimate whether the text can be placed horizontally or vertically in area feature except resident element.
The algorithm of estimating labeling horizontally or vertically in area features is based on the idea of raster. The algorithm works as follows. 

1) The monotonic simplification of polygon (Luo Guang-xiang, 2004).

2) Rasterization of polygon enclosing rectangle------Grid data (Record the range).

3) Record the grid and the parameter of longest rectangle for each grid.


4) Find the optimal label position in all recording grid. 

3.3.3. Labeling along the skeleton line of area features

If we cannot label vertically or horizontally in the polygon, we should judge that it is labeled along the skeleton line of area features.

There has lain much research about the abstraction of the skeleton line of area features. This article selects Delaunay Partition method to abstract the skeleton line. First, we partition the polygon to many triangles, and then join the center points of every triangle into the skeleton line of the object polygon. Usually, all skeleton lines can’t be joined into one line. So we should recombine these skeleton lines and get the longest one. 

3.3.4. Labeling along the borderline of area features

If it is not suitable to label it vertically or horizontally in area or along the skeleton line of area. In this situation we can label it along the borderline of area feature. The main problem is to get the borderline of area feature, then label it using labeling constraints on line features. If the length of line feature is too long to be positioned just once, the text must be placed once per12-15 cm.

The algorithm of labeling along the borderline of area feature works as follows:

1) Split the polygon based on the theory Delaunay partition of polygon.
2) Get the strip of the selected side.

3) Labeling along the selected line using the labeling constraints on line feature.
3.3.5. Labeling of dispersed area features

In actual condition, there are may be several area features with the same map text, take the resident elements data of national 1:50000 scale topographic maps as an example, as illustrated in Fig. 3(a). On this condition, if we label each area feature, it will not only add the workload but also affect the quality of cartographic map. 

The algorithm of labeling of dispersed area features works as follows:


1) Combine area features with the same text, font, font size, and font size as an area set except the repetitive text in different regions.

2) Get the convex hull of an area set which is composed of area features.

3) Get the enclosing rectangle of the convex hull which is composed of area features. Identify 16 primary locations, as illustrated in Fig.4(a). 
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Fig. 4 (a) 16 candidate positions on the enclosing rectangle of convex hull. (b) Selection strategies of labeling mode in different case.  (c) Possible label positions in convex hull

4) Get the nearest positions on the convex hull with the 16 candidate positions on the enclosing rectangle of convex hull. The map text can’t be placed on the 16 candidate label positions on the convex hull directly because there may be overlap with the area feature.
We must estimate the label mode on each candidate position before labeling. There are 4 modes for each candidate position. According the property of convex hull, we could find 1 label mode on each candidate position at least, as illustrated in Fig.4(b). 

It isn’t good if the text is just placed surrounding the convex hull. If we can label interior of the convex hull, as illustrated in Fig. 4 (c). 


5) Get the optimal initial label position

The algorithms of get the optimal initial label position works as follows:


(1) Rasterization of polygon enclosing rectangle------Grid data (Record the range). The grids which in the polygon represent the interior of area feature. The geometric center of each grid represents the possible label position.


(2) Estimate if there is no overlap between the enclosing rectangle of map text and the area features in 4 modes.

(3) If there is no overlap, Score and record them. 


Methodology: Split the enclosing rectangle of map text as N*N (N=40) grid size. Nij represents the geometrical center of each grid. Function F (x) represent whether the grid is in the convex hull. 
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The Score of each label position is a function: 
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W is weight parameter, it works when the map text is 100 percents in the convex hull. d is the distance between the geometrical center of the enclosing rectangle of map text on the label position and the geometrical center of the convex hull. If the Score is equal to Zero, It means that we can’t get the optimal initial position in convex hull. The result of text placement for area features, as illustrated in Fig. 5.
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Fig.5 (a) The label result of dispersed area features. (b) The label result of hydrology area element.

4. Design of text placement module in Auto-map system


Automated cartographic text placement is a necessary module in auto-map system. Generally, The automated text placement module is composed of 4 major units, such as the input unit, the text placement unit, the solution of conflict unit and the output unit, as illustrated in Fig. 6.  

5. Conclusion


The challenge for automated map labeling in the future lies in fast, dynamic labeling of electronically displayed maps and charts. With the increasing demand for viewing maps on the web and having the capability to pan and zoom over the display, text placement must be fast—requiring no more than one or two seconds for an update (Freeman, 2005). There is also much work to do in this field. 
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Fig. 6. The 4 major units for automated text placement module in auto-map system
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Fig.7. The 4 major units for automated text placement module in auto-map system
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