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Traffic Conflicts 
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Based on Laureshyn et al. (2010), which proposed a more generalized version of TTC, the calculation of TTC in this study is shown in Figure A1. As shown in Figure A1, two vehicles are in a collision course, where collision course is a course or path of a vehicle that if unchanged, will lead to a collision with another road user/s. A crash is imminent when the two vehicles’ path crossed in the same area and time. The collision course could be changed over time, and collision course of two or more road users need to be updated continuously. The collision areas are formed by the trajectory and width of each vehicle. This area can be formed as a rectangular, or parallelogram depending on the angle formed by two vehicles. The time span which differ collision course and crossing course are derived within the area of common intersection area. The calculation of the rectangular collision area formed by  and  in Figure A1, and their coordinates are obtained using Eqs. (A1-A2) as follows:
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Where  and  are the coordinates of one of the projected collision points, , in –x and –y coordinate.  and  represent the edage of vehicle 1 projected in  and  coordinate.  and  are the heading of vehicles 1 and 2, respectively. Another collision point,  can be calculated using the same concept of Eqs. (A1-A2). The distance of  and  are the distances from each vehicle edges to its intersection point with another vehicle edges. Its values can be observed by using the basic pythagoras formulas with the two points formed the distance, for example,  is formed by  and . 

Once the distances between each vehicle and collision area are determined, a time-to-collision (TTC) considering vehicle’s evasive manuever can then be obtained using Eq. (A3). As an example, the TTC for vehicle 1,  is calculated by the shortest distance of vehicle 1 to  or ,   or, and then divided by vehicle 1’s speed . The same concept can be applied to calculate the TTC for vehicle 2, . The minimum of   and  is considered as the minimum TTC during this event, and is used to define a conflict. 
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Relative Risk

To measure the effectiveness of IMA on reducing traffic conflicts, a relative risk is calculated. Relative risk is computed to compare the risk of an imminent crash, defined by a traffic conflict, for vehicles equipped with and without IMA (IMA users versus non-IMA users). The calculation of relative risk is simple, as shown in Table A1 and Equation (A4). In Table A1, the first column indicates whether a vehicle is equipped with an IMA system, and the first row indicates whether an event is a traffic conflict defined as an event where TTC is less than X seconds. Collision opportunities represent drivers’ exposure to intersection-related crashes. The numbers of events (traffic conflict events or non- conflict events) for the four groups, a, b, c, and d, can then be obtained. 

Variable “a” indicates the number of traffic conflicts experienced by drivers with IMA, and variable “b” represents the number of non-conflict events by the same drivers. Similarly, variables “c” and “d” indicates number of traffic conflict events and non-conflict events experienced by other drivers without IMA system. The ratio of  represent the probability of an IMA user running into a conflict event; where as   denote the probability of non-IMA users running into a conflict event. The relative risk is therefore used to reflect the relative risks experienced by the two groups of drivers, and hence can be used to quantify the effectiveness of IMA on reducing traffic conflicts. In addition to the calculation of relative risk, the standard error and confidence interval can also be obtained as shown in Eqs. (A5-A6). A relative risk less than one can be interpreted as that IMA users have smaller probability of running into a traffic conflict event, and hence IMA reduces the likelihood of having traffic conflicts. 

In this study, collision opportunities are defined only when there are collision courses between two vehicles, which consist of conflict and non-conflict events. A collision course is defined as a situation where a pair of vehicle trajectory are crossed in the same space and time, as shown in Figure A1. As different levels of TTC reflect different levels of crash/event severity (Chin and Quek 1997; Hydén 1987), this study tested conflicts defined in terms of TTC of one, two, three, four, and five seconds. 
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Test Scenarios and Data Collection

The IMA system tested in this study was composed of dedicated short range communication (DSRC), roadside units (RSU), on-board units (OBU), object tracking radar (OTR), and high-definition on-site surveillance cameras. The DSRC technology was implemented to facilitate Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) communication, so that traffic conflict alerts for imminent crash events could be sent to drivers in time. All vehicles approaching to test beds were tracked by OBUs (only IMA users) and OTRs (all road users). The information on approaching vehicles’ locations, heading, and speeds are transmitted to RSUs to determine whether there was a need to issue an alert for imminent crash risk based on data collected from both OBUs and OTRs on a real time basis. Street cameras were used to view and verify the actual movement transmitted by OBUs and OTRs. An On Board Unit (OBU) system was first instrumented onto participant’s daily-use vehicle, and the IMA interface was displayed through a mobile app (dashboard mounts were provided to the participants prior to the study so that they can use it to mount their cellphones). The IMA app provided sound (beep) warning when the warning criteria were met. The warning criteria were based on whether the vehicle was in a collision course with other vehicles, TTC criteria, and vehicle speeds. All the data recorded is stored in a remote server. 
There were a total of seven test scenarios conducted at four test beds in Hsinchu City, Taiwan, as shown in Figure A2. The test scenarios were designed based on the IMA’s capabilities. As an example, two test scenarios, A1 and A2, were carried out at intersection A, a signalized T-intersection, where the East and West bounds were major approaches with operating speeds around 70 km per hour. The traffic signal is fully operational during 7 AM to 7 PM, and was flashing for other times. For the major approaches, two directions were divided by raised concrete median, which often causes sightline obstruction issues for drivers from minor approach (northbound). To effectively track all the road users from all the approaches, three OTRs and two RSUs, along with three cameras were installed at the test beds. Intersection B is an intersection under an elevated roadway segment, where many crashes were associated with dilemma zone issue. Intersections C and D are junctions of freeway (off-ramp) and major arterials (scenarios C1, C2, and D). 

Scenarios A1, A2, B, C1, and C3 mostly concern with risk of angle crashes which is associated with yellow and red timing intervals. In particular, the yellow timing interval is related to the so called “dilemma zone” issue where drivers must assess the situation and then determine whether to go or stop through an intersection when the signal turns from green to yellow phase. A crash becomes likely when the yellow or even all-red phases are not able to clear the vehicle who decides to proceed. Scenarios C2 and D were designed to reduce angle crashes, similar to crashes at right-skewed intersections, where there is limited sight distance to the driers’ left-side for a vehicle crossing a major road from a right-skewed minor road (where the acute angle is to the left or the vehicle). This FOT recruited a total of forty participants, including 29 males and 11 females, whose daily-use passenger cars were equipped with OBUs for six months. Ten of them were cab drivers. Participants’ age range from 27 to 70 years old with average 42 and 9.13 standard deviation. 

Data Processing

A total of 7.4 million vehicles and 0.64 million collision opportunities for all the scenarios were observed from February 20th to March 20th, 2016, as shown in Table A2.

The OBUs and OTRs reported all road users’ positions, speeds, and headings for every millisecond when they approach the intersections (about 100 meters), including scooters, motorcycles, passenger cars, light trucks, heavy vehicle, buses, etc. Data were sampled to check for its precision by using the data recorded by OBUs and OTRs, and cameras. A sample event is shown in Figure A3, where the left panel indicates an image retrieved from camera at intersection D, and the right panel indicates four vehicle trajectories over time. The vehicle circled in the left panel is a vehicle equipped with OBU (red arrow), an IMA user, and the other three moving vehicles from the off-ramp were tracked by OTRs (green arrows), non-IMA users. 

Three steps were executed to estimate the relative risk of the effects of IMA on crash probability: 
· Step 1: Determine whether road users were in a collision course. 
· Step 2: Calculate TTCs between two vehicles when they are in the collision course. 
· Step 3: Calculate relative risks and associated standard errors for each scenario. 

To determine whether road users were in a collision course, vehicles’ current positions, speeds, and headings were needed to determine whether vehicles’ predictive trajectory would intersect. All the vehicles approaching intersections were paired up to check whether their projected paths encounter each other in the same space and time. 

In the second step, TTCs were calculated as crash surrogate after they are determined in a collision course. The TTCs for each collision opportunity was continuously evaluated when the two vehicles approached each other. An alert would be issued when warning threshold was met (the warning threshold is proprietary). Each collision opportunity was considered as an “event,” and the lowest TTC during the event was recorded as the TTC for the collision opportunity. 











































Figure A1. Illustration of TTC Calculation (adopted from Laureshyn et al., 2010)
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Figure A2. Test Scenarios and Test Bed Layout.
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Figure A3. Sample Event Obtained from Camera at Intersection D (Camera D1 in Figure A2).
[image: Final Image]


Table A1. Relative Risk
	
	Number of conflict events
(Collision course and TTC < X seconds)
	Number of Non-conflict events (Collision course and TTC > X seconds)
	Collision Opportunities

	Road Users with IMA device
	a
	b
	a + b

	General Road Users (w/o IMA)
	c
	d
	c + d



Table A2. Summary Statistics for Each Scenario (2/20 – 3/20, 2016)
	
	Traffic Volume
	Collision Opportunities
	Conflict Rate
(TTC = 5)
	Conflict Rate
(TTC = 4)
	Conflict Rate
(TTC = 3)
	Conflict Rate
(TTC = 2)
	Conflict Rate
(TTC = 1)

	Scenario A1
	739,019
	88,547
	47.66%
	27.21%
	12.00%
	4.12%
	0.76%

	Scenario A2
	769,492
	66,223
	74.91%
	61.44%
	40.52%
	16.99%
	3.36%

	Scenario B
	1,256,885
	51,603
	42.95%
	35.31%
	25.35%
	15.17%
	6.05%

	Scenario C1
	1,070,051
	117,912
	67.79%
	42.67%
	21.31%
	10.57%
	3.46%

	Scenario C2
	1,266,574
	93,083
	58.41%
	34.60%
	13.44%
	3.20%
	0.37%

	Scenario C3
	1,219,017
	103,152
	12.43%
	3.41%
	0.48%
	0.05%
	0.01%

	Scenario D
	1,073,760
	119,896
	41.10%
	23.50%
	9.85%
	2.91%
	0.45%

	Total
	7,394,798
	640,416
	48.46%
	30.79%
	15.69%
	6.51%
	1.72%
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