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ABSTRACT  
Crisis may occur at any time and, if not properly managed, may inflict huge losses. In a road transportation 

network, good communication is particularly important in emergency cases. An efficient road network can 

reduce the impacts of accidents. But a network which cannot provide good access is not reliable and may give 

rise to broader damages. In this paper, we provide a model based on broad field investigations to determine 

the importance of transportation arcs. The results obtained from using the proposed model indicated that this 

method cannot be used individually for determining the importance of project selection and enhancing 

network arcs in crisis times. In other words, the use of proposed model is not sufficient to determine the 

importance of transportation network components in crisis times. In this model, importance is generally given 

to the arcs which reduce the entire network access more than other arcs do. In the proposed method, as 

problem solving was dependent on road network characteristics, we had to use the software which supported 

these characteristics in order to facilitate problem solving. For this purpose, we used powerful software of 

Matlab and defined and solved path finding problem by creating macros. 

 

Keywords: Emergency Path Finding 

 

INTRODUCTION 

With the expanded urbanization and the increased urban population, one of the most important challenges is 

finding a solution to reduce the length and duration of urban transportation. In doing so, location information 

systems play a significant role as they are the means of managing and analyzing the information on current 

activities.  

Among the important capabilities of these systems is network analysis including computation of the shortest 

path. In the employment of location information systems for path finding, particularly finding paths for 

firefighting vehicles, ambulances, and the like, special attention has been paid to methods in which the best 

path is selected based on dynamic travel time. Solving such problems requires that network arc weight be 

equal to arc travel time.  

Computation of the time of each arc is very complicated as it is influenced by many factors such as arc 

length, existing traffic, arc width, vehicle type, and road coverage type. Since traffic is unpredictable and is in 

continuous change, a simultaneous navigation system is needed to provide proper answers to users in order to 

control traffic changes during a day and report any increase and decrease in traffic so that users can make 

proper reaction when facing a new situation. In such problems, due to the change of arc travel time during the 

path, one cannot determine the best path using the shortest static route algorithms. To do so, one has to use 

dynamic algorithms (Alivand and Malek, 2008; Chabini, 1991; Huan and Zhan, 2007).  

Since 1959, when Dijkstra presented an algorithm to find the shortest path, there has been an ever-increasing 

enthusiasm for finding efficient algorithms and many algorithms have been presented (Pallotino et al., 2006; 

Scutella, 1998). Also, some works have been done in order to find the best path in dynamic transportation 

networks (Huang, 2007; Ahuja et al., 2002; Djidjev et al., 2000). Cook (1996) was the first to carry out a 

considerable research to find the best path in time dependent networks in which arc weight changes in a 

predictable manner. In doing so, he used a time discrete model to solve the problem (Cook and Halsley, 

1966). Thereafter, Chabini (1998) classified the problems concerning best dynamic path and proposed two 

methods based on whether the time is continuous or discrete. Therefore, the division of discrete time into 

distinct periods with fixed costs was introduced as a fundamental solution to such problems. With the 

dynamism of transportation network, most research on shortest path algorithms have dealt with static 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231– 6345 (Online) 
An Open Access, Online International Journal Available at www.cibtech.org/sp.ed/jls/2015/03/jls.htm 
2015 Vol. 5 (S3), pp. 597-608/Jafari et al. 
Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  598 

 

networks where topology and cost of routing is fixed (Wu, 2006). With the limitations in the capacity of past 

computer systems, dealing with dynamic network problem has faced much difficulty. 

The problem of finding the best path in dynamic transportation networks is called time-dependent shortest 

path (TDSP) (Dean, 2004). Based on the characteristics of dynamic transportation networks and continuous 

traffic changes, there are two algorithms for finding the best path in dynamic transportation network (Dean, 

2004). One of these methods is re-optimization, in which the best path is computed regularly due to 

continuous changes in network data.  

Another method is re-processing which is one of the most important methods for overcoming the problems in 

the analysis of the best path in dynamic networks (Wu, 2006; Dean, 2004). In this method, the best path is 

found and provided to users based on current traffic conditions. When the user is moving in the specified 

path, if a change occurs in traffic conditions of the path or a part of it, the best path is re-analyzed from the 

new location toward the destination of user. If a better path is found, the new path is notified to user as the 

best path. Thus the optimal path is re-computed in order to match the new conditions. 

Murchland (1970) conducted a series of studies on path re-processing methods (Murchland, 1970). Most 

researches on path re-processing method have focused on computation of time complexity of algorithm. So 

far, many methods have been presented to reduce route computation time in traffic reduction and increase 

situations (Hung, 2007; Djidjev, 2000; Dean, 2004; Caimi et al., 2012).   

Path finding algorithms are divided into two main categories of matrix algorithms and tree structure 

algorithms (Preggel, 1999). Matrix algorithms find the shortest distance between all pairs in the network. 

These algorithms consider the network as a matrix.  

Tree structure algorithms find the shortest path from origin to other points. These algorithms generate a tree 

of shortest paths with branches stemming from the origin.  

Among tree structure algorithms are Djidjev’s algorithm (Coreman et al., 2001) and Belman Ford’s algorithm 

(Detcher and Pearl, 1985). Among matrix algorithms we can mention Floyd-Varshal et al., (1999), Chen et 

al., (2013); and Yang and Tang (1999) analyzed network performance in critical situations based on certain 

criteria such as travel time confidence, network connection and network capacity.  

Najima and Sugito used simulation method to estimate failure probability in network components in the time 

of earthquake, and investigated network performance by evaluating traffic changes. Taylor and D’Este 

(2004), Pellegrini et al., (2004), Tornquist (2012), Qiang and Nagurney (2008), Taylor and D’Este (2004), 

Qiang (2003) and Rodriguez (2012) evaluated network performance by providing a performance index based 

on the concept of access and assessing the changes in a number of parameters influencing network 

performance such as traffic, time, distance and cost of travel.  

Among them, Qiang Sohn and Nagurney prioritized risk components of the network. Brabhahran introduced 

road components prioritization factors and used a scoring method to prioritize network risk components. 

In this paper, we pursue two objectives. The first objectives are to location emergency stations; the second is 

to find the optimal path. In the following paragraphs, we first deal with model design and then investigate the 

results. 

Proposed Model 

In this study, we first specify the most important path finding factors in crisis conditions based on interview 

with experts and specialists. Then, we determine the amount of importance of each factor. We regard the 

factors with considerable importance weight as feasibility study factors and exclude those arcs which we 

found unqualified based on these criteria.  

Other criteria are considered as risk factors. By defining a numerical index for each factor and defining a 

linear relationship between them based on the specified importance weights, we attribute an index to each arc 

as risk index, which will be the basis of path finding. 
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Figure 1: Design Process 

 

Hypotheses  

• The amount of transportation demand in the analysis period is constant. 

• Cost criterion is the entire travel time of users; walking time is excluded. 

• Capacity of sitting in emergency station is 1. 

• Individuals reach the station in a random manner and with a steady distribution. Therefore, waiting time 

equals half of time distance. 

• Transportation stations conform to street network nodes. 

• Street network is fully continuous, i.e. both street nodes are connected to each other by a network path. 

Definition of Network and Query Space 

One of the important steps in solving network path finding problem is to determine a space in which optimal 

path is queried. In this research, we determined query space using Zhao’s approach (Zhao, 2006; Zhao and 

Zheng, 2008). The basic idea of this approach is the selection of main nodes on the initial path and then the 

selection of nodes which are connected to the nodes of main path with one, two, three and more arcs. The use 

of these nodes generates new paths with the centrality of main path, which play a significant role in path 

optimization. Emergency transportation network (T=T(tij)) is the matrix of arcs which specifies each arc on 

an emergency transportation path. 
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Introduction of Problem Limitations 

In discrete optimization, due to difficulty of problem and for preventing the expansion of problem 

dimensions, less decision variables are selected. On the other hand, limitations must meet the needs of 

problem as far as possible. In this research the following limitations have been applied: 

• Continuity of transportation choice (e.g. emergency) in a path 

• Maximum travel time in a vehicle (or the length of path) for emergency transportation paths. In long paths, 

tiredness of drivers makes some difficulties. In short paths, there are emergency planning problems. 

• Fleet dimensions in each line: The number of emergency transformation fleet affects functional cost. 

Network optimization problem must be able to determine the best path and time period by minimizing user 

time and consider budget limitations. 

• Minimum and maximum time period in a given path: In order to avoid long waiting times, time period 

should be neither too short nor too long. Time period is also associated with vehicle fullness coefficient, 

which is related to the number of passengers inside vehicle. 

• Directness of path: Directness of path must be more than minimal amount. In emergency transportation, the 

possibility of using shortest origin-destination path is not necessarily available. 

Optimal Location 

There are different indexes for measuring spatial correlation. In this study we used the indexes of Moran and 

Getis-Ord Gi to investigate about spatial distribution of location quality values. Moran’s statistic is one of the 

best indexes for identification of clustering. This statistic specifies whether adjacent areas have similar or 

non-similar values. The value of Moran varies between 1 and -1. The values closes to 1 indicate that the areas 

with similar values have a cluster pattern; the values close to -1 indicate that the areas with non-similar values 

are close to each other; the value of zero indicates a stochastic pattern. 

Moran’s index is defined as follows: 

 
Where n is the number of samples,  is the value of variable in area i,  is the value of variable in area j,  

is the average of variable in all areas, and  is the weight used to compare two areas of i and j. 

Getis and Ord (1992) presented Gi statistic to identify local clusters in which the areas with similar values 

(higher or lower than average) are close to each other as follows: (HotSpot analysis) 

 
Where Gi is the value of Getis index for im polygon, S is standard deviation of the values of areas. Other 

parameters are according to equation 9. The value of Gi for each area indicates if that area is close to other 

areas with higher (for positive values of Gi) or lower (for negative values of Gi) than the average. 

Closest Neighbor Average Index 

Closest neighbor average index is based on measurement of distance of each user to the closest neighbor. 

This index is used to determine convergence and divergence of different kinds of applications. This analysis 

attempts to determine whether or not the distribution of points is random and how dispersion pattern is 

(Camarero et al., 2000). In this method, closest neighbor index is measured based on the average distance of 

each user to the closest neighbor. Closest neighbor index is expressed as the ratio of average observed 

distance to the expected distance. In this method, the expected distance is obtained by analyzing Z quantity. If 

this value is between 1.96 and -1.96, there is a significant difference between distribution and there is no 

random distribution. Otherwise, distribution would be accumulative or steady. 

Closest neighbor average index is obtained from the following equation: 
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Where  is the average distance between each index and the closest neighbor, which is obtained from the 

following equation: 

 
The average expected distance for the index of a random pattern: 

 
In the previous equation,  is the distance between index i and its closest neighbor, n is total number of 

indexes, and A is the entire areas under study 

Location Patterns 

Below are location patterns used for locating urban emergency stations: 

• Maximum Coverage Location Pattern (MCLP) 

• P-Median Pattern (minimum distance) 

• P-Center pattern (minimization of the highest distances between demand points and closest facilities) 

• Other patterns 

P-Media and P-Center Patterns 

P-Median and P-Center patterns are based on the type of target function. In these patterns, the reduction of 

relief time is of particular importance. However, these patterns are not appropriate for making models whose 

objective is to find optimal arrangement of relief station networks. 

MCLP Patterns 

MCLP patterns are more appropriate for finding optimal location of emergency relief stations because their 

target function is maximization of demand coverage amount. 

Computation of Criteria Weight 

In the new path finding model, we investigate the effective parameters in the paths ending on temporary 

accommodations in crisis times and prioritize the parameters of the path by forming paired comparison 

matrixes. To compute the relative weight of the criteria, we first have to compute the normalized comparisons 

matrix. Thus, if comparison matrix (A) for parameter (n) is according to equation (1), we use equation (2) for 

normalized comparisons matrix and finally obtain the matrix of equation (3). 

 

 

 
We compute the average number of each line of matrix, which is the relative weight of decision parameters. 

 
Where Wi is the relative weight of parameter (i). 

Finally, we multiply the relative weight of each component (parameter) by the weight of higher components 

(parameters) to compute the final weight of parameter. Below is the final model for computing the value of 

each choice and selecting better choice in order to manage transportation in crisis times: 

Alternative Point=  

Where Fi is the normalized amount of the intended parameters. 

Based on the results obtained from interview with experts, we extracted the relative weight of the parameters, 

as shown in Figure 2. 
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Figure 2: Coefficients of the main parameters 

 

Optimal Path Finding 

In this research, we used Dijkstra’s algorithm with weighting arcs to determine the shortest path between 

origin and destination (traffic areas). This algorithm is a graph survey algorithm which analyzes shortest path 

problem for different graphs and finally provides the shortest path from origin to destination by developing a 

tree. Below is the procedure of this algorithm: 

1. Selection of origin point 

2. Determination of S collection including heads of the intended graph 

3. Placing origin point with zero index inside S 

4. For the heads outside S, we apply an index amounting to arc length + previous head index. If the head 

outside the collection has index, the reduction of amount is permissible only. 

5. From the heads outside S, we select the head with least index and place it in S. 

6. Going to fourth step until reaching destination node. 

Determination of the weights of parameters and sub-parameters  

 

 

 

 
: Observation of sub-parameter (j) of parameter (i) in arc (L) of axis (S) 

S: axis index 

L: arc index 

I: parameter index 

J: sub-parameter index 

: The number of values of sub-parameter (j) of parameter (i) in arc (L) of axis (S) 

: Standardized values of  

: Amended values of for conformity of collected information and sub-parameters 
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P1: parameter weight 

qij: parameter weight 

: Computed values of sub-parameters separated into arcs (item weight) 

: Computed values of parameters separated into arcs 

: Computed values of parameter combination separated into network arcs 

Dijkstra’s Path Finding Principles 

In shortest path methods, labeling method is very important (Gallo & Pallottino, 1988; Ahuja et al., 1993). 

The output of this method is a tree network which leaves the origin point S and goes to a collection of other 

point in the network. This network is developed repeatedly until the shortest path between S and i is obtained 

and execution comes to an end. In labeling process, three types of information are kept for each point of the 

network: 

• Distance label d(i) which represents the shortest distance between S and i during repetition of model. Once 

the model finishes, d(i) represents the shortest distance between S and i. 

• Parent point label p(i) which represents parent point of i in the developed tree network. 

• Point status label S(i) which may be without label or have temporary or permanent label. If a point is not 

surveyed during the repetition, it will be without label and its distance label is set at infinite positive. When 

the shortest path until point i is definitely the shortest possible path, the label of point i is set at permanent 

labeled status.  

When the path is expected to improve in the next repetitions, label of point i is set at temporary labeled status. 

In the primary Dijkstra’s method, each point can only have one of two statuses of temporary labeled and 

permanently labeled. In each repetition, therefore, the model selected the point with temporary labeled status 

or minimum distance label in relation to the next point (Dijkstra, 1959; Ahuja et al., 1993). 

The procedure of labeling point i is as follows: 

Procedure ScanningOperation(i)  

Begin 

 for all successor nodes of i do 

if d(i)+1(ij)<d(j) then 

begin 

d(j)=d(i)+1(Ij); 

p(j)=i; 

s(j)=labeled; 

end 

s(i)=permanently labeled; 

end 

The general idea of the proposed algorithm for finding optimal path of emergency evacuation problem is 

based on Dijkstra’s approach. In this method, we first compute cost (C) for all arcs and attribute infinite 

passage cost (d) to all graph points. Then, for each arc between two points of i and j, which is located 

between start and end points, we check if d(i)+c(ij)<d(j)? If d(j)=d(i)+c(Ij), we add the arc between two 

points of (i) and (j) to the end of optimal path. Otherwise, we stop searching this path at the location of that 

arc. 

In the proposed method, apart from the requirement of d(i)+c(ij)<d(j) for arc (ij), we apply three 

requirements.  

The first requirement is d(i)+c(ij)<min{d(j)d(e)}, where e is destination point. This prevents the continuation 

of path search with higher cost. If this method is applied for one origin point and several destination points at 

the same time, d(e)=max{d(ei)} must be met in the above equation. According to the second requirement, the 

path can only cross the points which have not been passed before.  

In other words, before arc cost is tested in the above requirement, it is checked that the new point of arc does 

not exist in the current points of the path.  

The third requirement refers to the order of searching the arcs relating to different paths. Based on this 

requirement, searching priority is always given to the path with the lowest cost. 
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RESULTS AND DISCUSSION 

Results 

In order to investigate the efficiency of the proposed method, we implemented the algorithm in MATLAB 

and tested it on simulated data. For the purpose of simulation, we created a graph of 20,000 points with 

random situation (0<xy<1) and performed triangulation. The sides of triangles represent graph arcs. In this 

example, the number of graph arcs is 1,000. Next, we attributed a weight in the range of 1-10 to each arc. To 

ensure that the algorithm works property, we searched the path between two points of the network 

independently on a non-directional network by replacing origin and destination points and observed that the 

paths fully conform to each other. After repeating the test for several modes with different origins and 

destinations, we ensured that the algorithm works properly. 

In the second test, we examined the efficiency of general and local path between the two points. To determine 

the optimal local path, we searched 5,000 arcs and obtained a path consisting of 39 points with the cost of 

107.14. To determine the optimal general path, we searched 1,897 arcs and obtained a path with 32 arcs with 

cost of 104.06. 

As you can see, the application of almost similar computational time to general and local paths gives different 

final results. This indicates the necessity of searching general optimal path compared with optimal local path. 

To ensure that the algorithm works properly in general and local optimal paths, we performed the test on 100 

origin and destination points. The results indicated that optimal general path improved about 30% compared 

with local path. In 55% of the cases, no improvement was seen as the paths were the same. On the other hand, 

computational cost for finding the optimal general path increased by around 90% compared with local path. 

In general, the results indicated that the algorithm was more efficient for searching optimal general path 

compared to local path. With increase of computational cost by 9%, we can determine optimal general paths 

instead of optimal local paths. It should be noted that these results also indicate the complexity of simulated 

network. In the third test, we examined the efficiency of algorithm in searching optimal paths between an 

origin and several destinations at the same time. To determine an optimal path, we searched 10,000 arcs. To 

determine five optimal paths at the same time, we searched 2,107 arcs. In other words, with the increase of 

computational cost by 27%, five optimal general paths were found instead of one optimal path. This indicates 

that in emergency evacuation operation for each building, several optimal paths to neighboring safe areas 

must be proposed so that other paths can be used when one path is blocked. Therefore, we found the 

algorithm to have a good efficiency. For each simulated network pair, the algorithm searched the optimal 

path of different points for ten times based on the characteristics of Table 1. The average processing time and 

percentage of arcs have been recorded in Table 1. According to the results, around 22% of network arcs have 

been processed for searching the optimal general path. 

 
Figure 3: Number of network arcs 
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Figure 4: Average processing time (sec) 

 

 
Figure 5: Percentage of searched arcs 

 

In this test, we compared the proposed algorithm with the well-known algorithms in the literature. For this 

purpose, we selected P-Median, P-Center and MCLP algorithms. 

 

Table 1: The results of comparison between the proposed algorithm with other ones 

Proposed Algorithm MCLP P-Center P-Median Size 

Time  Cost  Time  Cost  Time  Cost  Time  Cost  

0.12 500.78 0.82 512.89 2.28 524.89 6.2 500.61 50 

0.22 829.64 11.98 839.54 27.80 812.98 18.75 827.54 100 

0.49 10.35.98 18.65 1384.52 48.51 1068.64 59.45 1.098.84 150 

 

We implemented the proposed algorithm in Matlab. Considering the random mechanism in the selection of 

neighboring answers, the answers provided by the algorithm for each execution were not similar. The results 
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provided for the proposed algorithm are the best results obtained from five consecutive executions of the 

algorithm and the results relating to other algorithms have been directly extracted from the relevant papers. 

As you can see in the table, the answers provided by the proposed algorithm are close to those of the best 

available algorithms. In three cases, the proposed algorithm provides the best answer. It should be noted that 

the selected algorithms have been designed for solving emergency problem and are not flexible enough to 

solve problems with different limitations. Therefore, considering that the proposed algorithm provides 

answers comparable to the best available algorithms, it is able to effectively solve scientific problems. Since 

each algorithm has been executed on a distinct machine with particular speed and characteristics, direct 

comparison of the time spent for solving the problems is not possible. Generally, the proposed algorithm is 

able to compete with the advanced algorithms in terms of quality and speed of answering. 

Conclusion 

Among different services provided in a city, medical centers are of special importance. In the recent years, 

due to the rapid growth of urban population and the lack of comprehensive planning and management, 

medical sector has faced serious challenges including improper distribution, lack of optimal locations, and 

lack of necessary measures for distribution of services in the cities. In this paper, we provided a model based 

on broad field investigations to determine the importance of arcs. We used the proposed model based on 

Dijkstra’s algorithm and found that this method cannot be used individually for determining the importance 

of project selection and enhancing network arcs in crisis times. In other words, the use of proposed model is 

not sufficient to determine the importance of transportation network components in crisis times. In this 

model, importance is given to arcs which reduce the entire network access more than other arcs do. To 

determine the shortest travel time between origin and destination (O-D), we used Dijkstra’s algorithm with 

weighting arcs. This algorithm is a graph survey algorithm which analyzes the shortest path problem for 

different graphs and finally provides the shortest path from an origin to different destinations by creating a 

tree. In the proposed method, as problem solving was dependent on road network characteristics, we had to 

use the software which supported these characteristics in order to facilitate problem solving. For this purpose, 

we used powerful software of Matlab and defined and solved path finding problem by creating macros. 
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