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Abstract:Wayfinding has resulted in the implementation of the route planning. The route planning is the pre-activity that defines the road and turns angle to consist a route.With the massive and complicated road network of a modern city,finding a good route to travel from one place to another is not a simple task.In network theory, this is a shortest path problem.Shortest path algorithms are often used to solve the problem.However, these algorithms are wasteful in terms of computation when applied to the route planing.They may also produce routes that are not suitable for human drivers.In this paper,a wayfinding method that is based on the hierarchical reasoning and the knowledge of road network is proposed. In this combined method, the spatial hierarchical reasoning and the knowledge of the road network are applied to the separate the finding space while the conventional algorithm is used to find the best solution from this reduced and isolated space.Basing on this methods, an empirical study of the road network of Wuhan city is carried out. Combining the spatial hierarchical structure and the knowledge, and adopting the hierarchical spatial reasoning, it aims to solve the problem of wayfinding and compares it with the usual computing method of wayfinding. 
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1. Introduction

Transportation is the spatial reflection of people’s cultural activities. We need to carry out a study to find out how people recognize the transportation network space and in what way they find an optimal route that satisfies their needs perfectly. Wayfinding has resulted in the implementation of the route planning. The route planning is the pre-activity that defines the road and turns angle to consist a route.With the massive and complicated road network of a modern city,finding a good route to travel from one place to another is not a simple task[1].In network theory, this is a shortest path problem.Shortest path algorithms,such as Dijkstra algorithm[2] and A*[3],are often used to solve the problem. These algorithms are evolved from the field of computer science and operational research and only take the topology characteristics of abstract network into account while neglecting the concrete spatial characteristics of those road networks. Thus the performance of this wayfindng method is declining with the enlargement of the networks’ size,and using only these algorithms may also produce solution that are not suitable for human drivers. Under this situation, it is very necessary to find out a new way for road networks’ calculation. In this paper, we will pay much attention to using knowledge about the road network to help a shortest path algorithm to perform wayfinding, Therefore, a wayfinding method that is based on the hierarchical reasoning and the knowledge of road network is proposed. In this combined method, the spatial hierarchical reasoning and the knowledge of road network are applied to the separate the finding space while the conventional algorithm is used to find the best solution from this reduced and isolated space.
2. Hierarchical Spatial Reasoning

Hierarchical Spatial Reasoning (HSR) is a method of spatial problem solving that uses hierarchy to infer spatial information and draw conclusions[4]. Human beings’ conceptual model of the reality demonstrates a very significant feature of spatial hierarchy; each hierarchy embodies to necessary information of solving some special problems. HSR is a kind of reasoning process by using hierarchies to sub-divide tasks space. The Hierarchy, as an abstraction mechanism, usually unburden human beings cognitive load through two ways: one is to lower the complexity of the question domain by decreasing the question space; the other is divide the problem into small parts and then solve it. Both of these two methods can let the solving of the target become much more efficiently, because only processing the necessary information definitely can save as more time. The HSR is suitable to human being’s cognitive model: selecting proper partial hierarchy and doing calculation, then evaluating the quality of the outcome and compare it to the data that are needed by the process. If the quality of the outcome is enough for the decision-making, the processing should be stopped; If the quality of outcome is not sufficient, the continuing analysis of the next hierarchy will be carried out.

To define HSR, we need the following factors:

(1)The hierarchical structure, which includes a hierarchy structure and a method of transforming the data space into the equivalent hierarchy space, i.e. transforming the non-hierarchical structure into equivalent hierarchical structure .The criteria for the successful transforming is how to allocate each object to every hierarchy and also how to establish the relations between the objects of different hierarchy.

(2)Rules: Defining a serials of rules on how to carry out reasoning on hierarchical structure, i.e. when and how to carry out the transformation between different hierarchies, how to transform the partial results of each hierarchy into final results.

(3)The comparison of the results: Comparing the results according in terms of their accuracy and the degree of improvement.

3. Knowledge about the road network
Our hierarchical spatial reasoning is based on the following cognitive hypotheses:

(1)Human begins have classified the main road hierarchically, these hierarchies are based the level of the roads, traffic volume or the speed while aiming at different improvement criteria.

(2)The hierarchies increase successively from the higher level to the lower one, the higher level is the subset of the lower one.

(3)The whole road network is divided by those main roads. When we are reading the traffic map of each city, we can find that the main roads and express ways form a network, and the main roads divide the whole network into several smaller districts naturally, which we call them natural grid.

(4)The networks of each hierarchy are connected. Basing on the knowledge of road network, we adopt a hierarchical way of large amount of data. Take the road network of Wuhan as an example; we would divide the original whole road network into two hierarchies: the hierarchy of main roads (higher level) and the hierarchy of sub-main roads (lower level). The main road level only includes the network that formed by Express highways and main roads; the secondary road level includes the network that formed by express highways, main roads and those common road, avenue and small road of the natural grid. Figure 1 illustrates using the HSR in finding the shortest path of the traffic network can set the choice of ways to a certain sub-network hierarchically.


[image: image1.wmf]
Fig.1 A road network with two hierarchical levels

4.The representation of hierarchical road network

The representation of hierarchical road network means how the road networks are represented and stored in the computer. It is the basis of the calculation method of way-finding. The whole road network is displayed as a graph that consisted of all of the nodes and arcs that of the same single hierarchy. The whole network is expressed as G=(N,E), in which N={N1,N2,…,Nn}is the set of all the nodes of the network; E={eij| Ni  Nj ∈N} is the set of the edges of the network, eij is the edge that connect the nodes of Ni and Nj. The edges between two nodes are regards as bi-directional, and each edge has a non-negative weight. In order to divide the road network into higher hierarchical network and lower hierarchical network we have defined two arrays which are used to record the nodes and edge that of the two hierarchical networks.

5.The rules of Hierarchical way-finding

The origin point O and a destination point D have been settled, supposing hierarchy i is the highest level that O belongs to and hierarchy j is the highest of D. O and D are marked as Oi and Di, then the calculation of the optimal path can be operated on the relevant sub-network that is decided by the min (i, j). This sub-network is smaller than the whole network, so it is obvious that the calculation on the sub-network will be much quicker, and its results are also optimal or sub-optimal solution.

Having been given the origin point O and the destination point D, supposing the road network has been divided into hierarchies, the hierarchical calculation of the optimal path can be described as:

(1) Deciding the hierarchies that points O and D belong to

(2)If both point O and D are in the higher hierarchy, turn to (5), if not, deciding the natural grid that points O and D belong to

(3)If the two grids are the same or adjacent to each other, then we will apply the non-hierarchy algorithm to compute the optimum path between these two points.

(4)Search the shortest path that leads to the higher hierarchical network respectively in the natural grid that points O and D belong to, and also finding out the corresponding points O1 and D1 , that of higher network, since these two points are the entrance or exit points of going to the higher hierarchy

(5)In the higher hierarchical network, using the non-hierarchy algorithm to search the optimum path between points O (or its corresponding point O1) and D (or its corresponding point D2)

(6)Outputting the optimum between points O and D

5. Experiment and Conclusion
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Fig.2. A case of the shortest path algorithm         Fig.3. A case of the hierarchical routing algorithm

In order to make a comparison between hierarchical algorithm and non-hierarchical algorithm, we use visual C++ to perform the optimum path computation simulations on the Wuhan city network. The whole road network was organized as a two-level hierarchical representation, the main roads are the higher hierarchy that marked by bolded lines and secondary roads are the lower one, which are marked by the fine lines. The flat network consists of a total of 10794 arcs and 6879 nodes. Figure 2 demonstrates the traditional algorithm to computing the shortest path that is simply operated on the single hierarchy, in which almost all the roads are of common roads. Figure 3 demonstrates the hierarchical algorithm of the networks. Although the optimum path that we get from this method cannot be regarded as the shortest in theory, it is also a kind of sub-short paths, and over 85% of them are on the main roads. The result of the experiment has proved that the length of the best that computed by the hierarchical method is about 10% longer than that of computed by the non-hierarchical algorithm, and this finding is reasonable according to the former analyses of calculating theories.

Meanwhile, the hierarchy has greatly reduced the searching space and has a greater efficiency than the non-hierarchical algorithm, which helps reduce the run time greatly with costing only about 15% of the time that cost by the traditional algorithm. Hierarchical algorithm tries to divide the whole network into three sub-networks and compute the shortest path in these smaller sub-networks, as each sub-network is just one part of the whole network, this method has greatly decreased the run time. From figure 4, we can find that although the nodes of lower hierarchy have a larger size, their search space O-grid, D-grid has been greatly decreased; while although the searching space C1 (the main roads level) that of higher hierarchy is approximate to the searching space C0 (the secondary roads level) of the Dijkstra’s algorithm, nodes has been enormously reduced. (For example, in this case it only has a number of 296) to raise the efficiency of the calculating. Applying the Hierarchical Spatial Reasoning in the large size city road networks to find out the shortest path can greatly reduce the cost of time and space; it is also suitable to human being’s reasoning model, and easy to be accepted. 
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Fig.4. The comparison between hierarchical algorithm and Dijkstra’s algorithm
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