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1. Introduction

Worldwide, more than 270,000 pedestrians are killed every year on the road. In US, according to NHTSA, pedestrians account for 14% of US road fatalities with over 4400 annual fatalities [1]. Moreover, 69,000 pedestrians are injured annually. The financial impact is also substantive; conservative estimates place the financial burden at over $15 billion a year [2].
For this reason, protecting pedestrians, and other types of vulnerable road users, in vehicles has been one of the key focuses for vehicle safety systems design. In this discussion paper, we provide a high level review of 

1. The basic principles of pedestrian safety systems design; and

2. How V2X technologies can enhance the current V2P safety system performance.

2. Discussion

2.1 Pedestrian safety system requirements

We first discuss the requirements for a pedestrian safety system. Figure 1 shows the timeline to prevent an imminent collision. In particular, a cautionary signal has to be provided to the driver 2 seconds before the estimated collision time instant, assuming vehicle speed is below 60km per hour. The time internal length is required to provide enough braking time for vehicle to reduce speed (1.5s) and also human reaction time (0.5s). On the other hand, if automatic braking system is employed to prevent collision, the human reaction time is not relevant and the braking system need to be applied 1.5s before the collision. 
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Figure 1 Timeline for pedestrian collision prevention at speed up to 60km/h
2.2 Typical pedestrian safety system design

Typical pedestrian protection systems (PPS) in commercial vehicles are usually part of the advanced driver assistance systems (ADAS) where on-board sensors are used to detect the presence of pedestrians that could potentially intersect the vehicle’s path. In this section, we quickly review the

· typical sensor choice;

· baseline algorithm for pedestrian collision prevention; and

· performance and technical limitations of existing commercial PPS systems.

2.2.1 Sensor choices

PPS sensors provide awareness and can trigger active measures such as steering, braking, or airbag deployment. The most pervasive and effective sensors used for pedestrian detection are long range radar (LRR) and camera, as shown in Figure 2.
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Figure 2 Radar and camera sensor capability

Typical long-range Radar and camera’s performance parameters are as follows.

Table 1 Radar and camera sensor capability

	
	Detection Range (m)
	Ranging accuracy (m)
	Field of view (degree)

	LRR
	200
	1
	12

	Camera
	50
	2-3 meter errors at 50meter
	40


Note although Radar has longer range and better ranging accuracy than camera, camera has better capability to detect and recognize a pedestrian, while radar output cannot differentiate different reflectors and thus may has higher rate of false positives.  A combination of Radar and camera can improve the overall system performance by combining the advantages from both sensors. 
2.2.2 Typical prediction algorithms
From the requirements, it is clear that the key task for PPS is to provide accurate estimate of pedestrian collision probability 2 seconds before actual collision. This is indeed very challenging since pedestrian motion has its own randomness. Meanwhile, a key performance metric for any PPS system is the false positive rate. In particular, it is expected that for cautionary warning, the false positive rate should be contained within once per month. For emergency brake, the requirement is even more stringent. If the system has more often false positives than a user can tolerate, users might disable the functionality which completely defeats the purpose. 
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Figure 3 Vehicle collision prediction 
Figure 3 illustrates the key elements for collision prediction. From a vehicle’s perspective, it has the following steps 

1. Motion sensing: Using the set of sensors to sense the relative position, velocity and acceleration between the vehicle and the pedestrian;

2. Motion prediction: Assuming current position, velocity and acceleration, predict the path of both vehicle and pedestrian;

3. Collision probability calculation: Calculate largest overlap area [image: image5.png]


 between pedestrian region and vehicle region in a specified time interval;

4. Warning generation: If [image: image7.png]


, generate warning.
Errors or inaccuracies in any of these steps can add to the prediction error. It has been proven that the most dominant error arises from the motion prediction for pedestrians, given the pedestrian motion uncertainty. Auto OEMs and tier-ones (e.g. Continental) have looked into this issue and it is well known that physiology models (shown in Figure 4) can be used to improve the motion estimation accuracy. In particular, the human motion becomes much more predictable when pedestrian speed is higher, i.e. it is less likely that one can accelerate or chance course of motion when one is running as compared to one is walking. 
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Figure 4 Pedestrian physiology model: acceleration and rotation rate as a function of the pedestrian speed.
Based on the motion model and physiology model, the following baseline algorithm can be used to estimate the collision probability:

1. Determine the initial state of the pedestrian  
2. For any time instant [image: image11.png]tel0, T,]



, predict the possible locations/trajectories of pedestrian based on the motion model and calculate the collision probability
3. Find the largest collision probability in [image: image13.png][0, T,,]



 and compare to a threshold
2.2.3 Typical PPS performance and limitations

Obviously, the current commercial PPS has limitations. First of fall, all these sensors require a clear line of sight (LOS) and good lighting conditions. Further, the system will not function properly when the vehicle speed is high, as the braking time at higher vehicle speed is longer, and it will become more difficult to provide reliable estimation for collision probability. Figure 5 shows the performance limitations of sensor based PPS systems. 
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Figure 5 Performance limitations of sensor based PPS system. 20% of accidents happen at speed larger than 60kmph; another 20% happen at obstructed scenarios and 10% happens at scenarios without good light conditions. 
2.2.4 Benefit of V2X as an additional input for PPS system
V2X is obviously based on wireless communications, and thus provide benefits to the commercial PPS system in the following areas:

1. Extend the range of sensing with 360 coverage, including under NLOS and bad lighting conditions. 
2. Provide better target identification based on information transmitted between the personal device and the on-board V2X receiver. This can reduce the dependency on camera based target recognition and improve the performance at high vehicular speed. 
3. Provide better motion sensing and observation from the pedestrian side. Using the information sent over from the pedestrian device, the pedestrian motion estimation can be largely done on the device itself by using sensors on the mobile device. That information can be combined with estimation carried out by the vehicle sensors. 
With the vision of V2X aided pedestrian detection system, Qualcomm research and Honda R&D America have collaborated over the last three years to build a DSRC based pedestrian detection and warning system [3] and successfully demonstrated the feasibility of such systems in multiple public and private occasions. Although the current prototype system is DSRC based, we believe the overall system performance is technology agnostic at the lower layers, as long as the technology demonstrates similar physical layer performance as compared to DSRC. For details of the prototype system and key performance metrics, please refer to [3]. 
3. Proposal
This document proposes that SA1 includes a V2P use case as proposed in S1-151191, and that provision is made for V2P in the V2X design.
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