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Abstract: This paper deals with the design of schematic road network maps in mobile environments using the generalization methods which reduce map description data and increase user's understanding of the map. In order to generate schematic map, first set and quantify schematic map cartography criteria. Furthermore, we research topological checking method for road network. Based on this, we propose progressive simplification and displacement methods which convert a complex network into a simplified schematic map. Finally, this method is proved effective by performing a concrete experiment in PDA.

Key words: Schematic Map；Spatial Cognition; Progressive Cartographic Generalization； Graphic Simplification；
1 Introduction

With the wireless mobile environment grows and the variety of the contents increases, more and more information services which have the same quality in wired internet services are desired. One of them is the map service. The mobile phone's portability allows the map services to have higher potentiality of growth. Because of the restrictions of memory, process and screen size, it is difficult to represent information in a mobile phone. Therefore, it is very important to research cognitive characteristics of map symbols and to research how to design and offer simplified and clarified map adapted to mobile equipment. Schematic map is a quit effective, efficient and satisfied map form for mobile GIS. 
The need for understanding and applying cartographic principles suitable for LBS using small display devices is the underlying theme of the study. The main characteristic of these devices is that they have relatively small display areas. This compounded with the need to display map data at scales smaller than its source scale gives rise to the possibility of graphic conflict. Also scale reduction will often require certain important features for example roads to be exaggerated in size, leading in some cases to overlapping of features. In short it necessitates the need for developing optimal map generalization techniques suitable for Mobile GIS applications (S.Anan, 2004).

Agrawala, M (2001) designs and renders effective route maps among cities. Avelar, S (2002) researches the transport network simplification and displacement approaches on demand. J. Mark Ware (2006) uses the simulated annealing optimization technique to produce the schematic maps. However, they all adopt the Douglas-Peucker algorithm for graphic simplification which can generate self-intersection and change the topology. In this paper, according to the display characteristics of schematic road network in PDA, a new road network generalization method including progressive selection and displacement is proposed, and this effective method is proved by a concrete experiment.
2 Generate Schematic Road Network Map
Our techniques are based on the theory that it is more important that users capture the basic structure of the network than to show accurately physical locations on the map (Avelar S, 2002). Furthermore, cognitive psychology research showing that an effective route map must clearly communicate all the turning points on the route (Denis M,1997), and that precisely depicting the exact length, angle, and shape of each road is much less important (Tversky B,1999).
Transport network are divided into segments by the start points, end points and intersection, which form the original and simplified road segments which are
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data to compute the original road segment length
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which between remained vertex and to compute the conjunction degree of each intersection. Each vertex attributes is represented with the collection (PT, PD, PL, MS). Where PT the vertex type (if the vertex is fix point, we set PT=2. if the vertex is movable point, we set PT=1.While if the vertex is removable, we set PT=0), PD is the symbol of the vertex is removed whether or not (if the vertex has been removed, we set PD=1. While if the vertex is not removed, we set PD=0). PL is the symbol of the vertex is should be removed but not removed (if the vertex should be removed but not removed, we set PL=1, While we set PL=0 if the vertex is independent point).MS is the symbol of the vertex successful displacement (if the vertex or the segment displace successfully, we set MS=1.While if the vertex displace unsuccessfully, we set MS=0).
2.1 Multiple Criteria 

Designing a schematic road network map on PDA, there are many aspects of the mapping situation which may need special attention. Besides characteristics of the road network, cartographic aspects, such as the amount of simplification of lines, vertices displacement, symbolization and the size of PDA screen, are also important. All schematic maps shall have graphic simplicity, while retaining network information and presentation legibility. Based on the research of (J. Mark Ware 2006), we propose the cartographical criteria of schematic map are as follows. ①Topological-original network and derived schematic map should be topologically consistent. ②Orientation-if possible, network edges should lie in horizontal, vertical or diagonal direction. ③Length-if possible, all network edges should have length greater than some minimum length (in order to reduce congestion). ④Angle-if possible, the angle between a pair of connected edges should be greater than some minimum angle. ⑤Rotation-an edge’s orientation should remain as close to its starting orientation as possible. ⑥Clearance-if possible, the distance between disjoint features should be greater than some minimum distance. ⑦Semantic-road crossing vertices and turning point have more important spatial cognitive characteristic than other vertices and should be rendered more scores during the course of simplification and displacement.

Based on those constrains, quantitive constrains shall be set up. In these constrains, topological constrain and semantic constrain are directly allowed up during the course of generalization. Assuming 
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 is predefined perceptual threshold (usually 5~10 pixels). Other constrains besides topological constrain and semantic constrain are as follows.

①Orientation Constrain: In schematic map, based on the user’s defining standard directions including horizontal, vertical or diagonal direction, all road network edges only chose one of these directions which most close to their original directions. Supposing the standard orientation 
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, thus the Orientation Constrain is quantified by (1). 
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②Distance Constrain: Overlapping among road network lines which often take place transport network will not happen in road network. In this case, we should separate these overlapping lines and the separating distance which according to the environment is object resolution. 

③Length Constrain: The shortest road network edge must more length than
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 when it display in the PDA and maintain the relative ordering of the roads by length. Length Constrain is quantified by (2).
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Where 
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 is the length of original road network edge, 
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is the final length of these edges, and
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 is the threshold assumed by the user.

④Angular Constrain: When meeting at one intersection and angular between each other is small; the direction of overlapped road segments shall be entitled by more detail standard orientation in
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Where
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 is amount of these overlapped road edges,
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 is the collection of reoriented road edges,
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 is the adjusted orientation of road edges.
2.2 Map Topology Consistence Checking Algorithm 
Because schematic map deform greatly from to the original map, every time simplification, while checking if there exist one or more points lying within the triangle 
[image: image21.wmf])

(

1

1

+

-

D

i

i

i

v

v

v

spanned by the two segments of the vertex 
[image: image22.wmf]v

in question or not and checking whether there exist line segments crossing the edge 
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which not having above things will be selected and removed if the area of triangle 
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is smaller than the user’s defined threshold.
While point displacing, topology of road network should be checked and maintained as well. Before moving a point from its original position q to the new schematic location q' we perform a test to detect situations that can lead to a change in the map topology. For it we first create a triangle. The vertices of the triangle are q, q' and the other endpoint of the line segment being analyzed p. (Aveler 1997). We have to find out if there is any line segment of the map crossed by the boundary edge qq' of the triangle T (pqq') (de Berg, M, 1997). We also have to check if the triangle T contains inside it any point. If topology would change, point q displacement must be recomputed. We distinguish the following three cases to check the topology.
①If there is no point inside the triangle T (pqq') and no line segment crossing the edge qq' of T the topology will be preserved, so the move of q to q' is allowed.
②If there is at least one line segment intersecting edge qq' of T(see Figure 1a), map topology will change, then a new location for q' has to be obtained. The new q' takes the nearest intersection point, say u, to q plus or minus a pre-defined distance d, which is an aesthetic constraint of the map(see Figure 1b).
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（a）                     （b）

Figure 1: Topological Checking
③If there is at least one point v inside the triangle T (pqq') (see Figure 2a), map topology will also change. To calculate the new location for q', we define a straight line l through v and q and calculate the intersection point u of l and the edge qq' of T. q' will be the nearest intersection point u to p plus or minus a pre-defined distance d (see Figure 2b).
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Figure 2: Topological Checking

2.3 Shape Simplification
Shape simplification stage reduces the number of segments in each road while leaving the overall shape of the route intact. Shape simplification not only yields a cleaner looking map but also increases the speed and memory efficiency of the system.
2.3.1 Classification of Road Network Vertices 
One road line comprises start point, end point, intersection and other vertexes. According to the impact of these points on the shape of the line which it belongs to, we divide these points into three types—fix points, movable points and removable points, which shown in Figure 3.
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Figure 3: Classification of Points in a road Network

①Fix points – points that represent geographic features that cannot be removed and whose position cannot be changed. In order to shape simplification and point displacement, we assume the start point of one road as fix points.
②Movable points – points that represent start points and end points of road segments that cannot be removed but whose position can be changed. Those points having more important spatial cognitive characteristic are movable points, such as road intersection, entrance and exit of high way.
③Removable points – points that can be deleted that usually occur as parts of polygonal curves and do not represent individual geographic entities. In road network, they are vertexes of road segments and have smaller contribution of kink to the shape of the polygonal curve.
2.3.2 Simplification 
Progressive simplification procedure of road network map is as follow.

[image: image33]
During the course of shape simplification, in contrast to Douglas-Peucker algorithm, we use the algorithm of progressive delectation for graphic simplification. We set rigid principle that every simplification, first compute every inner vertex contribution , then select the vertex with the smallest value , calculate the area of triangle 
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 and compare with the threshold, while checking if there exist one or more points lying within the triangle 
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 or not. If only the vertex meet to above conditions will be removed if the area of triangle 
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is smaller than the user’s defined threshold.

The contribution of kink to the shape of the polygonal curve is calculated by using (4). The point which having smallest contribution to the shape of road segments will be deleted every time simplification.
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Where 
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 is the value of relevance measure, 
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 is the turn angle at the common vertex of segments（See in Figure 4）, The higher the value of 
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, the larger is the contribution of the kink to the shape of the polygonal curve.
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Figure 4: Progressive Deletion of Points in a Route Network
2.4 Displacement 
Purpose of point displacement is to make the schematic map more regular, for example the regularization of road segment direction. In order to maintain the natural orientation of road and make the displacement distance shortest. Using the method of equal length, we tune the road segments orientation to the eight standard directions which is collection RR={0º，45º，90º，135º，180º，225º，270º，315º}(see in Figure 5).Where positive x axes representation 0º and 360 º, and orientation of road segments is the rotation angular calculated by counter-clockwise based on x axes.
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Figure 5: Displacement of Points
In order to satisfy the orientation constrain, the orientation and length of every adjusted road segment shall be calculated by using (5) and (6).
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Where 
[image: image51.wmf]OL

 is the collection of all road segments length.
We Select intersection points of road segment, find the road segments collection adjacent to these points and get the adjusted orientation collection
[image: image52.wmf]OJ

. Firstly, judge whether there is overlapping road segments which have been adjusted, if have it is to say that there is orientation conflict at this intersection point, the method to solve the problem is adopting Angular Constrain. The orientations of overlapping road segments are reoriented during the collection of 
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—the length of these segments - are recalculated. Next, we grow all roads that are shorter than a predefined minimum pixel length,
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 to be 
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 pixels long by using (6). Progressive displacement procedure of points is as follows.
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3 Results and Conclusion
In order to prove the algorithm efficiency, we select road network including seven roads, twenty one road segments and eight intersection points. Technical experiment environments: Windows CE and PDA with 300Mhz、ROM 128M、RAM 64M. Results are shown in Figure 6.
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Figure 6(a) Original Road network (b) graphic Simplification Result(c) Displacement Result
Topology errors are not found in this experiment mainly because of the characteristics of the spatial data. In order to promote the display speed of schematic road network in PDA, Computation of resolving the topological conflict is avoided as much as possible. The algorithm is proved feasible and effective by this experiment. However, to the schematic map design of complicated transport network, more map design aspects should be taken into account, such as overlap of a number of road segments, false and true intersection points in the road network, for example having intersection but not having station.
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Input: Original maps of with � EMBED Equation.3  ��� road segments and shape simplification threshold� EMBED Equation.3  ���, where � EMBED Equation.3  ��� is triangle resolution area


Output: Simplified road network with � EMBED Equation.3  ��� road segment 





Until � EMBED Equation.3  ���





















































end





until i=M





else If B >ε then set i←i+1





 Select vertex vj with lesser value K from Ω and PL(vj)=1 





If B ≤εand vivi-1∩I = Φ and vivi+1∩I =Φ and Λ(vi)∩ Δ(vi-1vivi+1) = Φ then





Generate a priority queue Ω of all K(vi)





Select vertex vi with smallest K(vi) from Ω 





Λ(vi)←{v|v≠vi and v is other vertex of original network map}





Compute and set B the area of triangle Δ(vi-1vivi+1) 





Compute a list I of intersection points that are not vertices of a segment 





If B ≤εand vivi-1∩I ≠ Φ or vivi+1∩I ≠ Φ or Λ(vi)∩ Δ(vi-1vivi+1) ≠ Φ then





 Remove the vertex vi and set PD(vi)=1 and PL(vi)=0  and set i←i+1





If  PD(vi)=0  then  Compute the relevance measure K(vi)





for each � EMBED Equation.3  ���do 





for � EMBED Equation.3  ��� do 





begin Set � EMBED Equation.3  ���





Change location of q to q’ and set MS(q)=0





else 





Calculate the new schematic location for q’and set MS(q)=0





else if there is any point inside triangle Δ(pqq ’) then





Calculate the new schematic location for q’and set MS(q)=0





If there is any segment collision with qq’ then





for each segment� EMBED Equation.3  ���do 





Generate a priority queue � EMBED Equation.3  ��� according to relevance degree rd(qi)





Calculate the new schematic location q’ adjacent to p based on OR2 and OL2





Calculate the relevancy degree of rd of pi





Select p with largest value rdmax of G 





for � EMBED Equation.3  ��� do 





Input : n points of simplified road network map


Output: n points for the schematic road network map 





begin





Generate a priority queue � EMBED Equation.3  ��� 
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