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            Abstract
          
        

        
          This paper aims to propose a method that can help improve test drivers’ ability to avoid accidents and response time by analyzing accident recordings from dashcams. This is done to prevent safety accidents that may occur during the actual road evaluations of autonomous vehicles. By analyzing accident videos that occurred during a driving situation, safety accidents can be prevented by identifying the traffic situation and the scenario in advance, and accident symptom training can be provided to autonomous driving test operators. Thus, test operators can understand traffic situations and scenarios with a high probability of accidents, and can improve safety measures during the testing of an autonomous vehicle during an open road evaluation. The proposed method is expected to contribute to strengthening the safety standards of self-driving vehicle evaluations on actual roads.
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      1. Introduction
      In the modern world, self-driving vehicles are leading a revolutionary paradigm shift in driving. These vehicles are equipped with sensors and algorithms to detect road conditions and make decisions, allowing them to drive themselves without driver intervention. Accordingly, the evaluation of self-driving vehicles is becoming increasingly important.

      On-road evaluation of self-driving vehicles is an essential step in evaluating their performance and safety. The performance of a self-driving vehicle is determined by how well it can cope with driving situations on real roads, which is crucial for safety and reliability. However, testing and evaluation of self-driving systems carry risks that may cause accidents on the road.

      These risks arise from the limitations of self-driving systems and the potential for accidents in unpredictable situations. Therefore, test drivers must be able to recognize the signs of an accident situation in a self-driving vehicle and react appropriately.

      Test drivers’ role is crucial in evaluating and improving the performance of self-driving vehicles. Specifically, they play a key role in validating self-driving systems in real-world road conditions. They need to utilize their real-world driving experience and abilities to ensure that self-driving vehicles are safe and reliable in various situations. Hence, they need to have the following competencies:

      Real-world driving experience: Test drivers have real-world driving experience in different driving situations and road conditions. Their ability to cope with and anticipate complex situations in the road environment helps evaluate the performance of self-driving vehicles.

      Ability to prevent accidents: Test drivers should have excellent accident prevention skills. They should quickly recognize dangerous situations and take appropriate actions to evaluate the response and performance of the self-driving system.

      Understanding driver intent: Test drivers should understand and mimic the driver’s intentions. This helps to accurately model driver behavior, such as the vehicle’s driving patterns, lane changes, and signal recognition, to evaluate the self-driving system’s response.

      Efficient problem-solving skills: Test drivers should react quickly if a problem arises. This helps assess safety and resolve issues immediately by taking effective action in situations such as unexpected road conditions or system errors.

      Feedback and reporting capabilities: Test drivers should provide accurate and detailed feedback on the behavior and performance of the self-driving system. This is important information for improving and enhancing the system.

      To improve the test driver’s ability to prevent accidents and quickly resolve problems when they occur, this paper aims to organize and classify the traffic conditions and scenes at the time of the accident through accident video. In addition, through the development of an accident scene catalog, we intend to classify various accidents that may occur in real-world road tests of self-driving vehicles.

      Guidelines related to on-road evaluation6-11) suggest the need for safety accident prevention training for test drivers; however, no specific training materials exist. Therefore, this study can be distinguished from other studies as it attempts to develop materials for accident prevention and response to address real road accidents. The originality and usefulness of this study can be seen in the analysis of actual accident situations and the development of materials to improve accident response.

      This thesis is organized as follows: Chapter 2 analyzes studies that utilize accident videos. Chapter 3 examines selected accident videos, summarizes the traffic situations that occurred in the real-world evaluation, and analyzes the causes of each accident. Finally, Chapter 4 provides conclusions and future research.

    

    

  
    
      2. Related Studies
      This section describes related studies that use traffic accident data and categorize traffic scenes.

      
        2.1 Research on Traffic Accident Data Analysis
        Kang1) studied an AI model that classifies dangerous situations from dashcam videos of traffic accidents. The study’s main purpose was to improve the ability of self-driving systems to avoid accidents. Since dashcam footage was uncalibrated, distortions may occur, and recording performance of each product may vary, there are certain limitations in creating a sophisticated and accurate model based on the study’s findings.

        Lee2) analyzed traffic accident data on how to generate critical scenarios to verify the collision prevention system of self-driving vehicles. The significance of this study is that it calculated the scenario space based on the road shape and collision traffic flow for possible accident situations based on accident data and conducted tests based on it. However, the study has limitations in that the actual traffic data was not reflected in the simulation, and the number of traffic participants considered in the simulation was limited. Another limitation is that the simulation environment considered is essentially an open-loop simulation rather than a closed-loop simulation.

        To analyze traffic accidents, Kim’s3) research aimed to accurately model the accident scene using a drone and apply PC-Crash, an accident analysis program, to reproduce accidents based on this.

      

      
        2.2 Research on Traffic Scene Classification
        Bagschik’s study4) proposed a method for organizing all information in a traffic scene based on a knowledge base and structuring it based on an ontology using a hierarchical model. The paper aimed to enable the automatic generation of traffic scenes, which is proposed to solve the difficulty of scenario generation. This research is presented at the proof-of-concept stage, and further research is needed to determine the utility of the research results. However, an approach to quantify traffic scenes is currently developed by ISO TC22/SC33/WG9 as a standard for categorizing scenarios.5)

      

    

    

  
    
      3. Traffic Accident Data Analysis and Traffic Scene Classification
      This paper analyzed traffic accident videos collected from the Korean Agency for Technology and Standards’ project to build a data platform for storing automobile accident videos in a standard format (2020~2023) and classified them by accident cause. There can be many causes of accidents, not just one, but the most important ones were categorized. As specified in Table 1, 10 criteria were classified, 200 videos were analyzed, and 98 traffic scenes were selected for test driver training.

      
        Table 1 
				
        

        
          Classification of dominant accident causes
        
        

      

      
        
          
            	Dominant cause
            	Count
          

        
        
          	Occlusion
          	10
        

        
          	Overspeed
          	3
        

        
          	Ambiguous situation
          	2
        

        
          	Traffic rule violation
          	16
        

        
          	Road geometry
          	10
        

        
          	Surprise (appearance, stop)
          	8
        

        
          	Out-of-controlled behavior
          	10
        

        
          	Impatient/offensive/immature/bold driver
          	21
        

        
          	Change path suddenly
          	7
        

        
          	Obstacles
          	11
        

      

      

      
        3.1 Traffic Accident Scenes
        This section describes nine typical accident scenes that can occur in real-world road conditions. For each case, the accident location is summarized, as presented in Table 2.

        
          Table 2 
				
          

          
            Representative hazardous scenarios analyzed from the 200 accident recordings
          
          

        

        
          
            
              	Accident location
              	Hazardous scenario
            

          
          
            	crosswalk
            	Pedestrian cyclists and motorcyclists attempting to cross a crosswalk may be blinded by their surroundings, resulting in a crash.
          

          
            	Straight roads with unprotected left turn
            	While waiting for a signal to make an unprotected left turn, the vehicle may not recognize a vehicle approaching quickly from the opposite side when making a left turn after confirming that there is no vehicle coming from the opposite side. Alternatively, a vehicle attempting an unprotected left turn from the opposite side while driving straight may attempt a left turn without checking for a vehicle approaching from the opposite side.
          

          
            	Right turn at a merging lane
            	Vehicles on the road merging from branch lines must give way because the other vehicle has the right-of-way. However, accidents may occur due to non-compliance.
          

          
            	Lanes with U-turn permission for opposite lanes
            	In addition to the driving lane, other lanes may intervene in the driving lane at any time in a congested section, resulting in an accident.
          

          
            	Straight lane with a left-turn lane
            	Vehicles may suddenly slow down or stop to enter the left-turn lane to make a left turn, and some of the adjacent lanes may be occupied.
          

          
            	Children’s zone
            	Children can suddenly jump onto the road or run in a crosswalk with an obscured view, appearing suddenly in a moving lane and causing an accident.
          

          
            	High-speed roads
            	On high-speed roads, debris may fall from objects that have fallen on the road or vehicles carrying them, or the vehicle may roll over or collide with an obstacle.
          

          
            	Traffic-violating road users
            	They drive without regard to the traffic rules.
          

        

        

        
          3.1.1 Crosswalks
          The obstruction of vision by neighboring vehicles in a crosswalk is a crucial factor that may increase the risk of a collision between a pedestrian and a vehicle. In the given traffic accident scene, a bicyclist is traveling through a crosswalk. Since there are no other vehicles in the right lane, some vehicles may attempt to change lanes and turn right through the crosswalk. However, the preceding vehicle may obscure the cyclist, causing the vehicle to fail to detect the person and collide with him.

          In these situations, the test driver should be particularly mindful of visibility obstruction by surrounding vehicles. First, to minimize the risk of collisions with pedestrians or cyclists moving in crosswalks, the test driver should carefully monitor that the self-driving car has enough free time before performing lane changes and right turns. The test driver should check to see if there are any pedestrians or cyclists obscured by the preceding vehicle and should be prepared to take over control immediately if their safety is not considered a priority.

          Second, it must be possible to monitor whether the self-driving vehicle’s sensors and systems are accurately detecting pedestrians or bicyclists obscured by visibility obstructions. The self-driving vehicle must be able to use technology that can comprehensively perceive its surroundings to determine whether a visibility obstruction is likely to cause a detection failure.

          
            Table 3 
				
            

            
              Cyclist occluded by other vehicles on the crosswalk
            
            

          

          
            
              	Accident dynamics
              	
                
              
            

            
              	Traffic scene
              	A cyclist is riding on a crosswalk.
No vehicles are in the right lane, so ego vehicles try to change lanes and turn right by passing through a crosswalk.
A leading vehicle hides the cyclist, and the ego vehicle fails to detect the cyclist and collides with it.
            

          

          

        

        
          3.1.2 Intersections with Unprotected Left Turns
          A collision with an oncoming vehicle in an unprotected left turn is one of the most dangerous situations. In the presented traffic situation, there are only a few vehicles on the road traveling at a relatively high speed. The vehicle in the opposite lane is waiting to make an unprotected left turn and will subsequently attempt to make a left turn. The traffic light is marked straight ahead, so the car attempts to drive straight ahead, but it is too late to see the car turning left on the other side and attempt to slow down, resulting in an inevitable collision.

          
            Table 4 
				
            

            
              Intersection with an unprotected left turn
            
            

          

          
            
              	Accident dynamics
              	
                
              
            

            
              	Traffic scene
              	Few cars are on the road, so they are driving at a relatively high speed.
A vehicle in the opposite lane is waiting to make an unprotected left turn and then attempts the left turn.
The traffic light was marked as going straight ahead, so the vehicle drove straight but found a left-turning vehicle on the opposite side late and slowed down but inevitably collided.
            

          

          

          In this situation, the test driver should be particularly mindful of the risk of crashing in an unprotected left turn situation. First, the test driver should observe the traffic signal indications and ensure that the driver is following them properly. When attempting to make a left turn, be extra careful if there is no protected signal or priority. If necessary, a separate safety management plan may be required if the driving route includes unprotected left turns. For example, you may consider utilizing additional personnel to determine if an oncoming vehicle is making a dangerous entry and communicate this to the test driver.

          Second, the test driver must be able to accurately identify its surroundings and anticipate the behavior of the other vehicle. The test driver must also be able to quickly recognize whether the other vehicle is attempting to turn left or continue driving straight and react accordingly. This requires the self-driving vehicle to have a wide field of vision and the ability to utilize sensor technology to detect and predict the movements of other vehicles. The test driver can determine whether the self-driving vehicle has these capabilities by looking at the separate status information provided by the test vehicle.

        

        
          3.1.3 Right Turns at Merging Lanes
          Making a right turn in merging lanes, or any situation where a vehicle without the right of way must yield to another vehicle in a situation where it has the right of way, is an important road situation for self-driving vehicles. Because the right of way is a passively given concept, self-driving vehicles need to be able to understand it and respond appropriately.

          The test driver needs to be very careful to avoid collisions in these situations. First, he needs to monitor whether the self-driving vehicle is yielding appropriately to the vehicle with the right of way when it does not have the right of way. This can be done by keeping an eye on the behavior of the vehicle with the right of way and making sure it takes appropriate right turns or lane merging actions accordingly. The test driver must constantly observe and anticipate the movements of surrounding vehicles to accurately recognize the right of way and respond to the situation.

          Second, the test driver should observe that the self-driving vehicle attempts to turn right or merge into a lane only when there are no passing vehicles. He should observe whether the self-driving vehicle maintains a sufficiently safe distance to prevent collisions with other vehicles and whether it continuously detects changes in the surrounding environment and moves at the appropriate time.

          
            Table 5 
				
            

            
              Priority and privilege to move
            
            

          

          
            
              	Accident dynamics
              	
                
              
            

            
              	Traffic scene
              	The ego vehicle is about to make a right turn.
Vehicles with priority right-of-way continue to move.
            

          

          

        

        
          3.1.4 U-turning Vehicles in Heavy Traffic
          In congested traffic, the test driver must be very careful to avoid a collision. One lane is free of vehicles, but the other lanes are congested with vehicles. A vehicle attempting to make a U-turn in the opposite lane may encroach vertically into the ego lane, where the cut-in vehicle may be obscured by other vehicles and exposed at close range.

          
            Table 6 
				
            

            
              Collision with a vehicle making a U-turn in a congested section
            
            

          

          
            
              	Accident dynamics
              	
                
              
            

            
              	Traffic scene
              	One lane is clear of vehicles, but the other lanes are congested with vehicles.
A car attempting a U-turn from the opposite lane cuts into the ego-side Lane in a vertical direction.
A cut-in vehicle will be obscured by other vehicles and will be uncovered at close range.
            

          

          

          The test driver must take precautions to avoid crashing in such situations. First, he should monitor whether the distance to the neighboring vehicle is properly maintained. He should also constantly monitor the movement of the surrounding vehicles to anticipate and prepare for the aforementioned encroachment.

        

        
          3.1.5 Slowing Down and Stopping the Vehicle to Enter a Left-Turn Lane
          This traffic scene requires a difficult decision. The preceding vehicle, a truck, enters the left-turn lane to make a left turn, but the ego lane is occupied. The car next to it has also stopped to enter the left-turn lane to make a left turn. This is a situation that could lead to a collision if the self-driving vehicle in front of it does not understand the intentions of the other vehicles. Therefore, the test driver should be prepared to take over control at any time when a situation like this arises.

          
            Table 7 
				
            

            
              Partial occupation of the adjacent lane and sudden slowing down
            
            

          

          
            
              	Accident dynamics
              	
                
              
            

            
              	Traffic scene
              	The truck entered the left-turn lane to make a left turn, but the entry distance was short, so it occupied a part of the side lane.
The vehicle behind the truck also wants to turn left, but the distance to enter the left-turn lane is too short, so it stops at its current location.
            

          

          

        

        
          3.1.6 School Zones
          School zones are areas where traffic conditions can be particularly hazardous and accidents can cause very serious problems. Children may be obscured by parked cars in the surrounding area, trucks may be moving forward, and cars in the opposite lane may be waiting for them to pass. Children may be running across the crosswalk because the pedestrian light has turned blue, regardless of whether the surrounding traffic is moving.

          
            Table 8 
				
            

            
              Children running in a crosswalk
            
            

          

          
            
              	Accident dynamics
              	
                
              
            

            
              	Traffic scene
              	Children are hidden by a parked vehicle.
Trucks are moving forward while a vehicle in the opposite lane is waiting for the truck to pass.
The truck moves and enters the crosswalk, while the vehicle detects children passing the crosswalk by running.
            

          

          

          These hazardous situations are ones that the test driver should be especially careful about. First, he needs to be aware of and alert for children who are obscured by parked cars. He needs to keep a close eye on his surroundings to make sure he has a clear view and keep a sharp lookout to make sure that the obscured children do not appear on the road.

          Second, the test driver should be aware that children can run into the road at any time in school zones and should always be prepared to bring the vehicle to an emergency stop. To increase this reactivity, the self-driving car’s capabilities should be reviewed in advance of the test, as the test driver may not be able to react if the self-driving car is traveling too fast in a school zone.

          School zones are road environments where the safety of children should be a top priority. The test driver should be aware of these dangerous situations, drive carefully, and take appropriate actions to ensure the safety of children.

        

        
          3.1.7 Obstacles on High-Speed Roads
          Traffic on high-speed roads can be a pressing challenge for self-driving vehicles. In particular, a lack of accurate obstacle recognition can increase the risk of a collision. Therefore, the test driver should be able to recognize and respond to obstacles in highway traffic.

          Various obstacles may occur on a highway. Tables 9 to 11 describe the footage collected from actual traffic scenes, and it is unlikely that a self-driving vehicle will be able to recognize these situations. Therefore, the test driver should be prepared to take over the self-driving vehicle if such a situation is encountered. The test driver must also identify and anticipate these highway obstacles. He should be able to constantly monitor lane change signals, the movement of nearby vehicles, and changes in road conditions to proactively recognize potential obstacles and take appropriate and immediate action.

          
            Table 9 
				
            

            
              A falling object from a truck
            
            

          

          
            
              	Traffic scene
              	
                
              
            

            
              	Traffic scene
              	An object from the truck’s luggage compartment falls off while driving and lands on the road.
            

          

          

          
            Table 10 
				
            

            
              Overturned truck
            
            

          

          
            
              	Traffic scene
              	
                
              
            

            
              	Traffic scene
              	The truck is overturned.
            

          

          

          
            Table 11 
				
            

            
              Shattering of the windshield by a thrown stone
            
            

          

          
            
              	Traffic scene
              	
                
              
            

            
              	Traffic scene
              	There was a stone in the middle of the road, which was thrown by a leading vehicle, shattering the windshield of the vehicle behind it.
            

          

          

        

        
          3.1.8 Road Users Not Obeying Traffic Laws
          During self-driving road tests, the test driver may encounter road users who violate traffic laws, which can increase the risk of an accident. Road users who violate traffic laws may exhibit unpredictable behavior and violations, such as running red lights, speeding, or crossing lanes.

          
            Table 12 
				
            

            
              Road users who violate a traffic law
            
            

          

          
            
              	Traffic scene
              	
                
              
            

            
              	Traffic scene
              	Motorcyclists are driving across the road.
            

          

          

          These traffic violations pose a major challenge in testing the performance and reactions of self-driving systems. Thus, the test driver is expected to anticipate and react appropriately to such traffic violations. The test driver must be able to detect violations of road traffic laws, react quickly to prevent accidents, and evaluate the performance and safety of the self-driving system.

        

      

    

    

  
    
      4. Future Plans and Conclusions
      To reduce the occurrence of safety accidents for the evaluation of self-driving vehicles, this study analyzed traffic accident videos and the signs of accident occurrence and traffic scenes. We intend to utilize the results in developing training materials to improve the accident response-ability of test drivers in real-world situations.

      Test drivers play a critical part in evaluating the performance of self-driving vehicles through real-world driving experience in multifarious driving situations and road conditions. They evaluate and help improve the performance of self-driving vehicles based on their ability to cope with and predict road conditions. Through the analysis of accident videos, this study aimed to guide test drivers develop the ability to prevent accidents, determine driver’s intentions, and solve problems quickly.

      Therefore, the role and capabilities of test drivers should be strengthened and developed for the evaluation and improvement of self-driving vehicles. This will improve the performance and safety of self-driving systems and reduce the risk of safety incidents that may occur in real-world evaluations.

      This study also analyzed accident videos, developed an accident scene catalog to identify traffic conditions and scenes in advance, and systematically classified various accident situations that may occur during real-world road tests to improve the accident response capabilities of test drivers.

      A limitation of this study is that due to the limited data collected, it was not possible to analyze all possible situations; therefore, the paper does not cover a wide range of situations with a high risk of accident occurrence. Consequently, we believe that this study needs to be expanded by increasing the number of analysis data aligned with the risk assessment proposed in ISO 26262. In other words, it is necessary to compensate for the shortcomings of this study by evaluating the severity, exposure, and controllability of the accident scenarios in question.

      In the future, we plan to analyze additional data to develop a catalog of dangerous traffic scenes for test drivers. To date, we have analyzed 200 pieces of data, but we are aiming to analyze and organize more than 20,000 pieces of data in the future.

      The study’s findings can be used to create more complex traffic scenarios that reflect real-world traffic conditions. We believe that we can improve on the work done by Lee2) by reflecting on the surrounding traffic environment rather than simply evaluating the movement of one neighboring vehicle and the ego vehicle.

      A lesson learned from analyzing traffic accidents is that accidents are always likely to happen as long as there are humans involved in traffic. This means that sometimes, humans violate traffic laws, but even when they don’t, they can still cause accidents due to negligence in looking ahead and aggressive driving that results from the physical and psychological effects of distraction, fatigue, impatience, irritability, and selfishness.

      Therefore, when self-driving vehicles are operated on actual roads in the future, issues such as negligence, which may occur during an accident, and the imposition of criminal penalties for self-driving vehicles may arise. Thus, further research on the topic is recommended.
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