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Abstract. Traffic simulation models dealing with road networks are already 
available for several years. Most of them include procedures to distribute traffic 
over alternative routes between an origin and destination. However, most of these 
tools are not capable to include ADAS and route guidance systems realistically. 
In addition, the interest in the design of reliable and robust networks is growing, 
while a tool to analyze and quantify these properties is still missing. One 
important element in such a tool would be the realistic distribution of traffic over 
logical paths, and the availability of dissimilar alternative paths in case of 
emergencies. An overview and a new approach are presented in this paper. 

1. Introduction 
Congestion on road networks is a common phenomenon in all developed societies. It is 
believed that the congestion problem will not be solved completely in the near future, due 
to increasing traffic demand, increasing travel distances and a restricted extension of the 
road network due to economic, societal and environmental constraints. 

Although drivers’ main desire for a road trip is a short travel time without congestion, 
this may not be possible at all times. The knowledge that congestion is inevitable will play 
a prominent role in future policy making on the area of transportation and planning. 
Aspects that will grow in importance in the near future are: a) Reliable travel times; b) 
Robustness of the road network;  

Uncertainty of trip travel times is an inconvenience for a driver. In addition, it leads to 
great economic losses due to unexpected time losses. It is thus desired that traffic operators 
introduce measures to improve the reliability of (trip) travel times for drivers on their road 
network. Part of this task is to increase the robustness of road networks. A robust network 
is a network where travel times are not sensitive to disturbances, such as incidents or road 
works.  
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In general we can assume that the reliability of travel times can be improved by creating 
a more robust road network. Measures proposed or implemented to increase the efficiency 
of current (motorway) road network can have a negative impact on the robustness of the 
system [1]. Evaluation of these kinds of measures with respect to robustness has not been 
covered much in the literature yet [2]. 

A tool aimed at robustness analysis should include a procedure for finding realistic 
alternative paths between an origin and destination. The network assignment should not be 
based on reaching a user-equilibrium (since that means rerouting is not possible). The tool 
must have a dynamic rerouting function in case of link blockings (which must be specified 
in the tool) and travel time delays. In addition, the rerouting action should depend on 
driver/vehicle characteristics (compliance, availability of information, type of route 
guidance, in-vehicle system or roadside-based). 

2. State-of-the art 

2.1. Existing network models 
Transportation models need knowledge about routes between origins and destinations. 
These routes can be static input or calculated in the tool. In this section, we limit ourselves 
to the discussion of approaches applied in some popular microscopic network models. 

VISSIM [3] is a microscopic simulation tool and uses an iterative simulation approach 
in which the path search procedure and assignment are done simultaneously until a network 
equilibrium has been found. The algorithm will assign traffic to all found routes according 
to a distribution function (Kirchoff). The maximum number of alternative routes per OD 
can be specified. 

The approach is time-consuming since many simulations are needed in advance. The 
found paths are not always logical (inclusion of on- and offramps in paths). The procedure 
tries to converge to system equilibrium and uses all possible routes in the assignment. 

En-route adaptation of routes is possible for a maximum of two user classes. Incident 
modeling , however, is not possible.  

MARPLE is a macroscopic simulation tool developed to study the interaction between 
route choice and traffic signal control in a network [4].  

The available routes between an OD pair are determined using a Monte Carlo 
simulation with the free flow travel times and Dijkstra’s algorithm for the shortest path. An 
overlap-factor is calculated and used to avoid very similar routes. The user of MARPLE 
can enter a parameter in MARPLE at which level a new path will be considered as 
significantly different from the ones calculated before. 

Based on the travel times on the different routes between each OD pair in the network 
with sufficient demand, a deterministic or stochastic assignment is used to distribute the 
demand on the available routes.  

Aimsun [5] assign paths to vehicles entering the network based on user-defined paths 
(static input) and Calculated Shortest path trees. Two types of shortest path trees are 
considered: Initial shortest path tree (based on initial path costs) and Statistical shortest path 
tree (based on updated path costs at intervals). 
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A maximum number of paths per OD is used. Vehicles only choose among the most 
recent K paths. Oldest paths will be removed if the maximum of paths has been reached. 
The calculation of the shortest path is carried out per vehicle type. 

The model tries to limit not realistic flow assignment to partial overlapping routes by 
using a C-logit model from Cascetta et al. 

A route reassignment is possible using the dynamic route choice model using updated 
path costs. The reroute procedure considers one new shortest route for vehicle/drivers with 
the route information. 

Integration, a mesoscopic simulation tool, uses an all-of-nothing assignment based on 
the shortest path calculation prior to the simulation. However, during the simulation a new 
shortest paths can be calculated and traffic rerouted. The paths are evaluated at user-
specified time intervals, for a certain percentage of the drivers. 

Paramics (Quadstone)  [6] uses path trees which are generated prior to the simulation. 
An userclass can have its own shortest path tree. Only the shortest (cost) path per OD is 
stored. The shortest path is calculated with an adapted Dijkstra algorithm. At intervals 
during the simulation, the path trees are updated using actual traffic data and link costs, but 
only for familiar drivers. 

Paramics (SIAS) [7] is a different model from the Quadstone Paramics model. Within 
this microscopic networkmodel drivers can select different routes between a OD based on 
familiarity, category preference (minor/major roads), time and distance coefficients. 
Unfamiliar drivers prefer to use the major routes, familiar drivers have no preference.  

All-of-Nothing assignment is used to generate ‘best paths’ for each driver. A 
perturbation factor of 5% is used to take account of driver errors in estimating costs. The 
route-alternatives between OD’s will thus have at highest 5% extra costs compared to the 
best path. Rerouting is done at intervals for familiar drivers only. 

Waypoints are introduced in 2004 to generate more realistic (overlapping) paths 
between OD-pairs with a longer distance. 

2.2. Literature 
In literature path searching algorithms focus on the shortest path finding, the second-
shortest paths or k-shortest paths between an origin and destination. These multi-path 
search algorithms will result in a set of very similar paths, sharing a large number of edges, 
close to the best path. For the modeling of paths through road networks this may not be a 
desired property. The smaller the number of common links between paths, the higher the 
(potential) capacity between the origin and destination. Many alternative but dissimilar 
routes from A to B will have a positive impact on the robustness on the relation A to B.  

A good overview of approaches for the selection of paths is presented in a paper by 
Akgün, Erkut and Batta [8]. They compare three methods and introduce an alternative 
method on finding dissimilar paths. A sort overview of the methods as discussed by the 
authors of the paper will be summarized in the following 

The iterative penalty method is based on a repeated application of a shortest path 
algorithm. Each time the algorithm finds a shortest path between a OD-pair, penalties are 
set on the links belonging to this shortest path. Herewith, repeated selection of similar paths 
is discouraged.  
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Although the method is simple, the method is ad hoc since there is no way to evaluate 
the quality of generated paths. The selection of penalties and penalty structure will strongly 
affect the set of generated paths, and therefore affect the dissimilarity of the paths found. 

The GSP is a constrained shortest path problem as proposed by Lombard and Church 
[9]. For a given OD-pair a gateway shortest path is the shortest path going through a 
‘gateway’ node. By introducing many gateway nodes, one can generate many dissimilar 
paths. The method requires the specification of the gateway nodes. A drawback is that the 
approach sometimes misses relevant dissimilar paths. Another drawback is that it removes 
some paths because the candidate paths are only compared with the shortest path only and 
not with the other found GSPs. 

The minimax method was proposed by Kuby et al [10]. The method aims to generate a 
set of differentiated paths by selecting a set out of a large set of paths. The algorithm starts 
with the generation of k-shortest path between a OD-pair. An index is defined to express 
the similarity of a path. The index combines two objectives, minimizing the path length and 
minimizing the similarity together with a weighting factor. The procedure is repeated until 
the desired number of candidate paths has been reached. The method explicitly compares 
pairs of paths for similarity, the other approaches don’t. Drawback is the need for a large 
number of paths per OD-pair, especially in a large network. In addition, the order of 
evaluation is important and can result in different selected paths. 

The discrete p-dispersion approach is described in [7] as an alternative for the 
minimax approach. Given m paths, p paths are chosen so that the minimum dissimilarity 
between any two of the selected paths is maximized.  The method does not always select 
the shortest path between an OD-pair, but the order-problem mentioned at the minimax 
problem is removed. 

2.3. Conclusions on state-of-the-art 
Most existing traffic models have a weakness with respect to the preparation of possible 
paths between an origin O and a destination D. Paths that are in not considered in reality are 
included in a set of route alternatives. For example, a path that leaves a motorway, takes a 
short detour and then joins the motorway again are often considered as serious alternatives 
for route choice but not a logical decision in practice. Especially equilibrium-based 
approaches do inhabit this behavior. 

Secondly, we found that current network models do not include algorithms for selection 
of k-robust paths between an OD-pair. For a network model aiming at robustness analysis 
such set of paths is essential. Especially for en-route rerouting the availability of dissimilar 
routes is desired. From literature we concluded that a route finding en selecting procedure 
that pair wise compares the candidate paths on dissimilarity is a good possibility to create 
dissimilar paths. An index for similarity of a path compared to another path is a prerequisite 
for this task. The minimax approach is a good starting point although the evaluation-order 
problem has to be solved. The alternative p-dispersion approach may miss the shortest path 
and seems therefore not appropriate for our aim. A proposal is described in the next section. 
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3. Proposal for finding dissimilar paths 
A network simulation tool aimed for robustness analysis should include two types of path 
search modules: 

• Pre-trip route selection and assignment which is part of the strategic planning of 
drivers’ desired paths to their destination assuming regular traffic conditions.  

• En-route changes to incorporate adaptations (rerouting) from the planned path 
based on available information, available ADAS-system and driver characteristics.  

3.1. Pre-trip path finding and filtering 
A pre-trip path searching and filtering approach aims to find logic alternative routes which 
can be assigned to drivers when entering the network. It can be considered as a strategic 
route choice, which means that drivers will select the shortest and most logic route. 
Overlapping routes can be considered as a single solution and changing to partly 
overlapping routes will be done en-route, during the trip.  

A new element in our approach will be the dependency of the origin-destination (OD) 
distance or node-to-node distance in the selection of paths. An overlapping-index is 
introduced. The overlapping index is the percentage of overlapping of path compared to the 
shortest path, or any other alternative path, found for a given OD. The accepted 
overlapping-index depends on the OD-distance. The distribution or assignment of drivers to 
a certain path alternative may be accomplished using a logit function or another function. 
This will depend on the driver type (availability of traffic information, familiarity).  

3.2. En-route path finding and filtering 
The en-route path finding and filtering approach is needed to update the planned path based 
on actual conditions, such as traffic operation quality and incidents. Depending on the type 
of driver (regular user or incidental user of the path) and the availability of a guidance 
system with actual traffic information, drivers may change from their originally planned 
path. 

First step is to determine the expected average speed on the rest of the planned path. It 
can be assumed that such an estimation can be done exactly when a guidance system with 
information is available, or with a less exact prediction carried out by regular users.  

The traffic quality of the remainder of the route can be expressed, for example (other 
criteria may be applied), as a percentage of free flow traffic speed. For example, a 80% 
level means that a driver or system predicts that the travel time takes 20% longer compared 
to free flow speeds. It can be assumed that if the traffic quality is low, regular drivers will 
try to reroute, but as soon as possible get back to their planned route. At stop and go 
conditions the driver may even consider a complete reroute to his destination. Therefore, a 
maximum reroute distance or rerouting range variable is introduced. The rerouting range 
will be used to find alternative paths from the current position of a driver-vehicle unit to 
another point on the pre-trip planned path that is within the specified rerouting range 
distance.  
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In this en-route approach, it is not needed to perform new shortest path calculations 
during a simulation. The set of available, realistic paths has been calculated in advance for 
every node-to-node relation. 

4. Concluding remarks 
In this paper, a state-of-the-art review of path filtering and searching has been presented. It 
is found that existing tools do not well include logical paths in the assignment. The 
minimax and p-dispersion approaches described in literature are appropriate to be used for 
network tools aimed for robustness analysis, although some minor problems are apparent. 
An adapted approach has been proposed explicitly using driver behavioral assumptions 
both pretrip and en-route. The proposed method will be implemented in a new tool aiming 
at a quantification of robustness of road networks. 
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