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Abstract 

Emerging ITS technologies, such as connected vehicles and autonomous vehicles present new 

potential for optimizing the QoS of a transport network.  The availability of massive data on road 

conditions is a great asset. Such data are required for transportation network safety, mobility and 

emission reduction.  Predictive mechanisms are still needed for road safety to anticipate critical 

situations through appropriate actions. In order to maximize the accuracy of such predictions, it is 

important to identify the parameters that play a particular role at the precision level. A case study 

based on data from the City of Gatineau enable to identify areas potentially at risk.  Associated 

road safety corrective measures based on accurate predictions have an impact on the ecology of 

the areas in question by considering the traffic density. 
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1. Introduction  

Emerging ITS technologies such as CVs and AVs represent new potential for optimizing the 

overall operations of a road network. Nevertheless, having large amounts of data raises additional 

questions about the relative relevance of some data categories on others. With respect to road 

safety, the relevance of certain parameters is defined according to their contribution to accident 

predictions accuracy. 

 

AI techniques are increasingly considered to make accident predictions. The diversity of these 

methods as well as the associated results accuracy have an impact on the measures to be taken 

against the detected risks on transportation network. 

The approach developed in this paper is based on a methodology allowing an empirical study 

whose purpose is to identify the correlations between a prediction method and the input parameters 

that increase the precision of the results. 

 

Another predictive action is to identify potential risk areas in order to take measures for impacts 

elimination or minimisation.     The actions considered in this paper take into consideration the 

ecological aspect requirements on transportation networks. 

 

This paper is structured as follows: Section 2 provides an overview of existing work on 

transportation networks assessment and required actions regarding safety and environment. 

Section 3 presents an empirical study based on data from the City of Gatineau followed by a new 

methodology for decision making regarding actions to be taken on risk zones. Section 4 presents 

a conclusion and future work.     

 

 

2.Related Work 

2.1 Network Assessment for risk zones identification  

A set of data including the number of actual and predicted accidents is required to estimate the 

risks. Locations of risky accidents should be identified [1]. 

Transportation network monitoring and assessment with respect to road safety is based on accident 

environment data collection such as weather, road surface conditions, any information related to 

the road network infrastructure (intersection, segment), etc. The traffic model and density are also 

considered as important parameters regarding the occurrence of accidents.    

The following parameters represent the main measures considered in road safety standards to 

assess the risks of road network areas [2], [3] 

• F-a = number of fatal accidents, 

• SI-a: number of serious injury accidents, 

• MI-a: number of accidents with minor injuries, 

• MDO-a: number of accidents with material damage only, 

• T-a: total number of accidents. 

• AADT: Annual average daily traffic of the considered areas.  

 

A large number of mathematical operations are performed in order to evaluate criteria representing 

indices that qualify transport network areas according to accidents risks. Examples of indexes 
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considered for network screening include: 1) frequency of accidents, 2) severity index, 3) accident 

rate and 4) critical accident rate [1]. 

Risk validation requires relationships between previous indexes.  In particular, with respect to 

intersections one of the following relationships has to be satisfied: 

• Accident rate above the critical rate, 

• Severity index greater than the severity index calculated for the category of the area in 

question, 

• Accident frequency greater than or equal to four accidents per intersection over five years. 

 
2.2 Accident prediction and associated corrective measures 

The variables surrounding the occurrence of accidents are of great diversity. Among these 

parameters, traffic patterns and traffic density play a crucial role in the occurrence of accidents [5], 

[6].  
 

On the other hand, the effectiveness of actions that address the risk areas identified through the 

transport network assessment depends on the prediction accuracy levels.   Nevertheless, many 

studies on accident prediction consider different methods of treatment with diverse input 

parameters, making accuracy measurements difficult [7]. 

 

Artificial intelligence techniques are increasingly used in the transport accident predictions.  

Nevertheless, the variables considered during these treatments are not uniform. Given the impact 

of methods and variables on prediction accuracy, optimizing prediction-based actions presents 

another challenge to AI techniques [8], [9], [10]. 

 

2.3 Measurement parameters relating to road safety 

In terms of road safety, numerous sources of problems are identified during the processing of 

traffic accident data. Several measures are defined and associated with managers from different 

institutions such as Municipalities, Police and insurance services. 

Speed limits and their variations represent solutions to road safety problems. In most cases, speed 

limitation is seen as a compromise between reducing travel time and reducing road accidents. 

Which increases the complexity of setting a speed limit and enforcing it. 

The study presented in [13], consists of finding the optimal speed for the user and also the society 

at large. Numerous experiments are conducted in order to calculate the desired value. The presence 

of congestion is another source of problems leading to accidents. It is directly related to traffic 

models and density at particular sections. 

 

 

2.4   Main sources of greenhouse gas emissions 

In [14], it is shown that the frequency and occurrence of congestion has a direct impact on 

greenhouse emissions. 

Exhaust emissions from vehicles traveling on urban road networks have detrimental effects 

exacerbated by the frequent occurrence of congestion. A literature review presented in [15] shows 

the role of traffic in pollution estimation. The passenger’s exposure time to combustion gasses is 

directly related to traffic congestion. 
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In [12], based on experiments, reducing maximum of certain speed limits may have no effect on 

greenhouse emissions. Policies surrounding speed limits remain a complex problem for which 

adaptations to specific transport networks are required.  

Algorithms considering average speeds as inputs to the VERSIT + model provide increased 

accuracy in forecasting emissions [11]. VERSIT is a suite of models used to predict emissions and 

energy use factors based on fleets of vehicles traveling in specific areas. The study presented in 

[11] showed that reducing speed limits from 50 to 30 km / h reduces emissions by around 25%.  

 

3. Case Study: Accident Data Processing for the City of Gatineau  

   
3.1 Phase 1: Analysis of accident predictions details  

 

3.1.1 Characteristics of the City of Gatineau accident data  

 

In order to overcome the problem of prediction methods and variables diversity with regard to the 

accuracy of accident predictions, we present in this section an empirical study that makes it 

possible to locate the relative importance of certain variables. Among available data from the City 

of Gatineau regarding road accidents, we consider here some categories, including those presented 

in Table 1. 

Two different AI prediction methods are considered to compare their respective results. 

 
Table 1:  Main variables associated with accidents – City of Gatineau 

 

3.1.2 Experiment environment 

Numerous data pre-processing are required before proceeding with the prediction methods. Three 

tools are considered for Phase 1 of this study:  
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• A geographic information system: Platform software for geolocation - Quantum GIS 

(QGIS) Version 2.14. It is considered to manage raster and vector image formats and 

databases. It is used as a graphical interface for sophisticated analysis of various geolocated 

data. 

• A database management system: PostgreSQL: This system enables the manipulation of 

various data categories such as objects. It can create functions and establish links between 

these data such as inheritance links. It incorporates features of SQL. 

• Matlab-integrated AI toolbox: (Matrix Laboratory)- Programming language to implement 

algorithms. AI methods based on neural networks are integrated within the toolbox. The 

Levenberg-Marquardt and Bayesian algorithms are considered in this study.  

 

3.1.3 Experiment Scenarios  

In order to set the importance of some variables over others in accident prediction, we identified a 

first sample of tests based on the combination of variables surrounding the occurrence of an 

accident. Both algorithms which are based on neural networks, are used to compare the accuracy 

of the prediction results. Table 2 illustrates examples of correlations between accident variables 

that have been tested and analyzed. 

Table 2:  Examples of scenarios based on accident variables combinations 

 

3.1.4 Experiment results analyzes   

The three-year accident data from the City of Gatineau (2015-2017) is divided into two subsets. 

Data from the first two years are used for learning and data from the third year is considered for 

the test phase of the prediction methods. Table 3 illustrates the prediction accuracy rates obtained 

by each scenario case. 
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Table 3:  Experimental results of prediction algorithms 

Generally speaking, the Bayesian algorithm performs better than the Levenberg-Marquardt one.  

The correlation with some parameters such as road surface condition and traffic density does not 

make it possible to make good predictions with both algorithms. More experiments are then 

required for these variables considering other categories of prediction algorithms. Those are out of 

the scoop of this paper  

3.2 Identification of risk zones in the City of Gatineau 

The purpose of this phase is to identify risk zones at the City of Gatineau level by considering 

provided data concerning the accidents and the characteristics of the considered areas 

infrastructure. Thanks to the geolocation tool and data processing to locate all accidents across the 

Cities, East and West regions of the City presenting the concentration of accidents across are 

identified.  

Based on identified regions and the observations of the contents, it turned out that the criteria 

presented in Section 2 of this paper are not directly applicable. Nevertheless, given the importance 

of predictions and measurement, a set of operations using QGIs capabilities combined with the 

database management, correlations between various variables have generated areas of the City that 

require prediction treatments to avoid critical states according to the risk index presented in Section 

2. Example of parameters to correlate: number of injuries, number of deaths, speed limit, accidents 

with material damage only. We present here two examples of identified risk zones.  

Identified Zone 1:   
 

Total of 116 Accidents over the three years 
02 fatal accidents 

 9 accidents with more than two injuries. 
 68% of accident occurred in streets      at 50 
km /h.  

Table 4 :  Parameters combination for zone 1 identification 
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Figure 1 : Potential risk zone 1 
 
 

Identified zone 2 

Total of 18 accidents over the three years 

1 fatal accident 

3 accidents with more than two wounded 

100% of accidents occur on dry pavements  
 

Table 5 :  Correlation parameters for zone 2 identification 

 

 

Figure 2: Potential risk zone 2 
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Identified areas require processing to consider specific measures to minimize current risks and 

avoid trends towards risk indexes similar to those presented in Section 2.  In the next section, we 

present a new methodology to best respond to the risk of road safety by integrating environmental 

considerations according to transport network QdS requirements.   

3.3 Towards safe and Green zones in the City of Gatineau  

Each zone identified as at risk must be the subject of various measures in order to limit or even 

eliminate redundant risks. In this paper we consider measures that both reduce greenhouse effects 

and safety risks. Step 1 of this phase is then based on an experimental simulation-based approach 

before proceeding to a real-life test bed. 

3.3.1 Experimental environment of step 1 corrective actions 

 

SUMO Simulator (Simulation of Urban Mobility) is considered for this step given its ability to 

integrate realistic components of a transport network such as traffic. The popularity of SUMO and 

the capabilities of its extension made it chosen it in many research and development works. 

 
3.3.2 Methodology of using SUMO at risk zones of the City 

 

3.3.2.1 Configuration of SUMO 

 

The treatment process of each risk zone is based on the search for the best speed limit as action 

against road safety risks with consequences on the reduction of congestion. According to literature 

review presented in Section 2, speed limit plays an important role for safety enhancements despite 

the challenges related to its choice.  Based on SUMO capacities, we consider the integration of 

identified risk zone considering the OpenStreetMap environment as shown in Figure 3. 

 

 
 

 

Figure 3: Integration of Zone 1 with SUMO environment 
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At the operating level of the simulator, it is possible to generate traffic according to different 

models and to collect various information relating to the travel time for each vehicle individually 

or for all the vehicles considered in an area. Table 6 illustrate examples of output information that 

will be considered in the process of corrective actions to be taken to minimize the risks of the areas 

in question. 

 

 

 

 

 

 

 

Table 6:  Output files of SUMO for traffic and congestion measurements 

4.3.2.2 Methodology for risk areas processing   

Table 7 describes the processing steps to select the best new speed limit in order to achieve more 

confident accident risk indexes such as lower traffic density. 

 

Table 7: Process for selecting the best speed limit for risk areas 

A series of SUMO environment configurations are underway to generate the required information 

such as sensor-based count information whose installation will be simulated at the risk 

intersections of the study areas. The validation of step 1 may lead to real tests at risk zones in order 



10 
 

to anticipate more incidents in the road network and also to increase ecological mobility in these 

areas. 

4.Conclusions et future direction 

Despite the availability of massive data from emerging ITS technologies, many questions are 

raised regarding the relevance of collected data. With respect to road network accident prediction 

algorithms, the relevant data are those necessary for the accuracy of the prediction results. 

An empirical study based on data from the City of Gatineau has identified parameters whose 

correlation increases the accuracy of accident predictions. Prediction methods based on AI 

techniques are considered. 

The new approach presented in this paper lies in identifying potentially risky areas of the city 

through some risk index adaptations. A methodology is defined regarding a decision-making 

process on the measures to be taken regarding risk zones.     The choice of speed limit is the subject 

of a second empirical study, the results of which will allow an integrated solution to deal with the 

risks of road safety and at the same time increasing a green mobility of the considered zones of the 

city.  

For future work, a real test bench will be considered according to the results of the current 

experiments based on urban mobility simulator.  
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