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Abstract

Multibody vehicle dynamic simulations are essential tools for the virtual testing of autonomous vehicle
function, and various scenario-based testing methods are developed to evaluate the safety and
performance of autonomous vehicle functions in complex and real-world traffic situations. One of the
most important aspects of scenario-based testing is how to guarantee the criticality of the scenario so
that it can effectively and validly evaluate autonomous functions. As an evaluation method to analyze
the criticality of test scenarios, the analytic hierarchy process (AHP) method, which solves multiple
criteria decision-making (MCDM) problems, is commonly used. This paper proposes a new scheme to
evaluate the risk of the autonomous emergency braking system (AEBS) for pedestrians using a novel
AHP method in multibody vehicle dynamic simulation environments.

In order to evaluate the performance of AEBS-pedestrian, European New Car Assessment Programme
(Euro NCAP) [1], including car-to-pedestrian farside adult (CPFA), car-to-pedestrian nearside adult
(CPNA), car-to-pedestrian nearside child (CPNC), etc.. provides a procedure to test the possible
collision avoidance scenarios. The velocity of the test vehicle, impact point, and pedestrian velocity are
considered in the test. However, the challenge of the testing procedure comes from the difficulty in
assessing the criticality of the test. In this regard, the AHP method, which calculates the priority
importance of a set of factorsin the MCDM problem, is widely used to calculate the criticality of test
scenarios [2]. However, in the AHP method, the elements of pairwise comparison values should be
assigned by theindividual expertise or experience of the person involved, thus making the AHP method
subjective and less reproducible.

This paper proposes a hovel AHP approach to automatically generate pairwise comparison values by
adjusting the correlation between the risk and the performance metric obtained by simulation. The risk
of the test scenario is determined from the pairwise comparison values of AHP. In order to validate the
proposed method, the AEBS-pedestrian test scenario is evaluated based on Euro NCAP. The test
vehicle’s braking distance (d) is defined as the performance metric.
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Figure 1: AEBS-pedestrian test scenario. Figure 2: Hierarchy model of AEBS-pedestrian test scenario.

Figure 1 shows that the autonomous vehicle detects the crossing pedestrian and performs the braking
maneuver. Theinitial position of the test vehicle is determined by the time the pedestrian reaches impact
points (25%, 50%, 75%) with awalking speed. In Figure 2, the AEBS-pedestrian test scenario is defined
asan objective at layer 1, and layer 2 presents the vehicle vel ocity, pedestrian vel ocity, and impact point,
and layer 3 is the assigned value for variables of layer 2. The decomposition process from layer 1 to
layer 3 iscalled global decomposition, and the decomposition process from one layer to the next layer
is called local decomposition. In each local decomposition, decomposed factors are compared in pairs
with each other, which is called the pairwise comparison value and defined as Agiq; and arranged in

rows and columns of comparison matrix 4; , as shownin Eq. (1).
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where q is the number of decomposed factors, | is the number of layer, 4, , is the comparison matrix
representing the decomposed factors g inlayer |, Agyq; isthe pairwise comparison valuein the g;-th row

and the g;-th column of comparison matrix. Comparison matrix should satisfy the paired reciprocal
comparison (e.g., shown asag,q; and 1 /aqi.qj inmatrix A, 4 in Eq.(1)).
In each local decomposition, in order to compute the priority importance of decomposed factors, the
priority importance value w; , is defined and obtained by an approximation method, which is compute
by normalized comparison matrix A4, ;. Thus, the priority importance value w; , of decomposed factors
can be expressed as Eq.(2);
Wi =[w; wy . wo,]" q €[, ...,q] 2
Because the risk of test scenario should be calculated by the priority importance of assigned values of
variables in globa decomposition, the calculated priority importance values in every loca
decomposition are combined into the same reference frame. The priority importance values of layer 3
in the global decomposition is called as priority importance index and represented asw , in Eg. (3).
w;,q =[wi1 Wiz Wiz ... Wl,,q]T ©)
There is only one path from w; , to layer 1, and the transfer path is recorded as R, 4. Each priority

importance value from layer 2 to layer 3 is defined as wffg. Therefore, the priority importance index
can be obtained as Eq. (4).

wi, = w, " (4)

When atest scenario is generated, the risk index (RI) of the test scenario can be calculated based on
the calculated priority importance index as shown in Eq. (5),

RI = X1 Wi)m ®)
where m is number of variablesin layer 2, w; , is priority importance index of g-th factor in layer 3.
In order to automatically generate the pairwise comparison val ues, the correl ation between therisk index
and corresponding simulated performance metrics of test casesis considered and expressed numerically
by the correl ation coefficient (14 rp))- To sSimulate the AEBS-pedestrian test scenarios, avehicle dynamic
model, including mass and inertia of vehicle, chassis, suspensions, brakes, steering and braking systems,
tire model, etc., is used. The test vehicle has a radar sensor with a horizontal angle of 16 deg and a
detection distance of 200 m, and a camera sensor with a horizontal angle of 45 deg and a detection
distance of 100 m. The AEBS, which isused to automatically decrease the vehicle velocity based on the
timeto collision (TTC) function, ismodeled. In order to generate the AEBS-pedestrian test scenarios, the
assigned valuesin layer 3 of Figure 2 are combined (44 cases) based on the CPFA, CPNA, and CPNC.
Figure 3. shows the correlation between the risk index and braking distances. The results demonstrate
that the risk index increases with increasing braking distances. This coincides with the long braking
distance caused by the high vehiclevel ocity or large impact point, increasing therisk of thetest scenario.
The result also shows that the pairwise comparison values generated by the novel AHP have a great
correlation (r(q,rp= 0.801) between the risk index and the braking distance. Thus, the proposed risk
analysis method can effectively evaluate risk in AEBS-pedestrian or other test scenarios.
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Figure 3: Correlation between risk index of test scenarios and braking distances.
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