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AUTOMATED PEDESTRIAN SAFETY ANALYSIS USING VIDEO DATA

III. RESEARCH PROBLEM STATEMENT
Road collisions are described as a global epidemic. The global number of road collision fatalities was approximately 1.3 million in 2004 [1] costing the global economy approximately $US 500 billion per year [2]. While non-motorized modes of travel are promoted as key alternatives for improving the sustainability of the transport system, they suffer an elevated risk of collision involvement. This exceptional risk level comes from the fact that main non-motorized modes such as biking and walking are performed by the most physically vulnerable of road users. Collisions involving non-motorized traffic often produce severe injuries. Each year in the United States, approximately 5,000 pedestrians are killed in traffic crashes, accounting for approximately 11% of all traffic fatality victims [3]. Approximately 22% of fatal road collisions in Canada and 30% in British Columbia involve vulnerable road users, 13% and 15% of which are pedestrians, respectively [4].  
Traffic safety analysis has traditionally relied on historical collision data. However, there are several shortcomings to this approach [5]: 

1. Traffic collisions are rare and random events that usually require extended observation times, usually in the order of years, and sophisticated statistical techniques. Moreover, many extraneous factors can change during the observation period, further complicating the analysis. 

2. Collision-based safety analysis is a reactive approach, which means that a significant number of collisions must be reported before an action is taken.

3. There are well-known concerns with the quantity and quality of collision data. Collision data reporting is often incomplete, inconsistently reported by different jurisdiction. 

These shortcomings are even more pronounced in the case of pedestrian-involved collisions. For example, collisions involving pedestrians are less frequent than other collision types. Pedestrians, being vulnerable road users, when involved in collisions, have considerably higher chances of being severely injured, with little chance of the collision being classified as property-damage-only. Exposure data, commonly measured using pedestrian volume, is expensive to collect and represents a common challenge for safety diagnosis and evaluation of pedestrian treatment. 

As issues of urban sustainability and energy supply have become increasingly important to the public and policy makers, researchers, planners and practitioners in the field of transportation engineering are placing more emphasis on improving the mobility and safety of pedestrians. Developing reliable, validated, and automatically collected proactive safety measures will offer a valuable tool in safety diagnosis and evaluation of pedestrian treatments. 

IV. LITERATURE SEARCH SUMMARY

The use of non-collision safety measures has been advocated as a complementary approach to address the previous issues and to offer more in-depth analysis than relying on collision statistics alone. One of the most developed methods relies on traffic conflict analysis. Traffic conflicts hold several advantages over traditional collision-based safety. Traffic conflicts are more frequent than traffic collisions and much less costly to observe [6]. Commonly used traffic conflict indicators lend themselves to quantitative analysis, thus opening possibilities for automating the process of conflict detection and severity rating. Traffic conflicts are manually collected by a team of trained observers, either on site or offline through recorded videos. Despite the maturity of traffic conflict techniques, conflict detection is subject to intra- and inter-observer variability. This can compromise the reliability and repeatability of traffic conflict data collection. The training and employment of human observers makes traffic conflict studies costly. In addition, current quantitative conflict indicators were mainly developed to measure the proximity of motorized road users. Therefore, their comprehension of the severity of a pedestrian-involved traffic event remains in question. Studies in the literature [7,8] provide inconclusive results regarding the relationship between pedestrian-vehicle conflicts and collisions. Such relationship is an open question.

Concerns remain regarding the lack of a consistent and accurate definition of conflict indicators [9]. For pedestrians, results are mixed regarding the link with pedestrian-involved collisions [10,7,8]. Some researchers related this inconclusive relationship to issues with collision and conflict data [7]. Pedestrian-vehicle conflicts were used as an independent and often complementary safety measure in studies in the literature [11,12]. While the majority of past work was based on observer-based traffic conflict analysis, few studies (e.g., [13]) developed a relationship between conflict indicators and automatically measured parameters, such as motorist deceleration rate. In a recent study [14], a semi-automated analysis of video data was performed to investigate interactions between pedestrians and vehicles at roundabout approaches.

There is a need in the literature to develop automated traffic conflict measures. Three components can describe this research mission: 1) adapt current conflict indicators to measure the severity of pedestrian-involved events, 2) develop a method to automatically extract real-world road user tracks, and 3) explore the link with pedestrian-involved collisions. Preliminary work has been done on this application and promising results were obtained [15].

V. RESEARCH OBJECTIVE

Shortcomings in the current practice can be addressed by meeting the following objectives:

1. Develop an automated system for extracting pedestrian and vehicle trajectories in a traffic scene. Process automation will enable the processing of large data thus providing more ground for comparison.

2. Identify shortcomings in current conflict indicators in comprehending pedestrian-vehicle conflicts and proposing improvements. There are some fundamental problems in the use and definition of existing conflict indicators. Many of these problems arise due to inconsistent and simple definition of what constitute an evasive action, when it is commenced, and the extrapolation hypotheses of road users.
3. Develop improved conflict indicators. 
4. Collect data. Collection of video data at locations and in contexts that enable the application and validation of the video analysis system
5. Investigate the relationship of conflict indicators with pedestrian-involved collisions. 
This research will result cost-effective technologies that State DOTs can use to analyze and identify high-risk situations for pedestrians at particular locations.
VI. ESTIMATE OF PROBLEM FUNDING AND RESEARCH PERIOD
Recommended Funding: $300,000. 

Research Period: 24 months
VII. URGENCY, PAYOFF POTENTIAL, AND IMPLEMENTATION

The benefit of this project is to provide researchers and practitioners with a body of knowledge to measure the level of safety of pedestrian facilities in a more efficient and less costly way than relying on collision-based analysis. This will enable agencies to identify issues and evaluate treatments faster while involving less social cost due to collisions. 
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