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Estimation of Operation Characteristics of Following Drivers Based on Car Following Model

Hanwool Woo  Hirokazu Madokoro ~ Kazuhito Sato  Yusuke Tamura  Atsushi Yamashita Hajime Asama

We propose a novel method to estimate operation characteristics of following drivers. If the lead vehicle suddenly decelerates to avoid collisions
with interrupting vehicles, it may lead to an accident with the following vehicle since human drivers require a reaction time. This research assumes
a driving scene when a human driver follows the autonomous vehicle. The proposed method estimates operation characteristics of the following
driver and predicts the trajectory of the following vehicle. It is demonstrated that the proposed method shows great accuracy of the prediction

compared to previous methods.
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Fig. 1 Driving condition: The red vehicle represents the Following
vehicle while the green one is the Ego vehicle. The Ego vehicle has
measurement devices which is possible to measure the distance and
speed of the Following vehicle. The proposed method has installed to
the Ego vehicle and estimated the operation characteristics of the

Following driver.
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Fig. 2 Schematic of proposed method: the proposed method
consists of two parts: operation characteristics estimation and
trajectory prediction. The four operation variables are estimated and
input to the trajectory prediction part. The output of the proposed
method is the trajectory of the following vehicle two seconds in

advance.
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Fig. 3 Example of traffic dataset.
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Fig. 4 Example of operation characteristics estimation with
proposed method: The green, red, and blue lines represent the 3
model parameters. On the other hand, the black line shows the
reaction time. It is shown that the four operation characteristics

variable can be estimated.
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Fig. 5 Example of operation characteristics estimation with
proposed method: The green, red, and blue lines represent the 3
model parameters. On the other hand, the black line shows the

reaction time. It is shown that the estimated values were not stable.
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Fig. 6 Results of trajectory prediction with proposed method:

(a) the green vehicle represents the Ego, and the red one is the
Following. At the same way, the blue rectangle shows the ground
truth, and the red line is the predicted position. (b) there is no
preceding vehicle from the Following. It is shown that the proposed

method precisely performs the trajectory prediction.

Table 1 Error of trajectory prediction with proposed method.

Prediction term RMSE SD
0.4s 0.023 m 0.024 m
0.8s 0.040 m 0.070 m
125 0.065 m 0.150 m
1.6s 0.109 m 0261 m
20s 0.176 m 0.400 m
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Table 2 Performance comparison with previous methods.

Methods

.. . P d
Prediction term Heyes {16 Ozaki 7 Aron ¥ (Cons taniorlézzfion time) Proposed
04s 0.028 m 0.055m 0.160 m 0.023 m 0.023 m
0.8s 0.070 m 0.196 m 0.640 m 0.040 m 0.040 m
1.2s 0.145m 0442 m 1477 m 0.066 m 0.065m
1.6s 0.249 m 0.794 m 2.690 m 0.109 m 0.109 m
2.0s 0381 m 1.257m 4291 m 0.177 m 0.176 m
Average 0.130 m 0.398 m 1.336 m 0.063 m 0.062 m
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