
EVS36 International Electric Vehicle Symposium and Exhibition      1 

36th International Electric Vehicle Symposium and Exhibition (EVS36) 

Sacramento, California, USA, June 11-14, 2023 

 

Modified Pure Pursuit Algorithm 

 Robust to Localization Noise 

Kyung-Ho Kim1, Hoyong Na1, Jihyeok Ahn1, Sujin Shin1, Sung-Ho Hwang1 

1Department of Mechanical Engineering, Sungkyunkwan University, Republic of Korea, hsh0818@skku.edu 

Executive Summary 

The localization process is crucial for the proper functioning of autonomous vehicles, and any noise 

introduced during this process can have negative effects on the vehicle's safety and ride quality. Specifically, 

noise generated in the localization process tends to be transmitted to the steering control, thereby interfering 

with desirable control. In this study, a modified pure pursuit algorithm was developed to prevent such noise 

from adversely affecting steering control. The effectiveness of the proposed algorithm was validated through 

path-tracking simulations, which demonstrated that it was successful in significantly reducing the vibration 

of steering and the magnitude of the lateral jerk, both under straight and curved paths. 
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1 Introduction 

The current autonomous driving localization algorithm is performed mainly by using GNSS (Global 

Navigation Satellite System) and inertial sensors [1]. To increase accuracy, various signal processing and 

sensor fusion algorithms are being studied. In [2], localization accuracy was enhanced by integrating map 

information with the GNSS and inertial sensor measurements. A method for enhancing the performance of 

EKF-based GNSS and IMU fusion has been proposed, which integrates pseudorange error predictions to 

improve localization accuracy [3]. Alternatively, the use of LiDAR to obtain additional environmental 

information for positioning has also been studied [4,5]. Nevertheless, it is impossible to completely remove 

noises arising from various factors. If such noises are left unattended, there is a problem of degrading the 

performance of the subsequent autonomous driving algorithms and eventually causing the vehicle to be 

unstably controlled. This is because most autonomous driving lateral control algorithms are based on the 

geometric relationship between the current location of the vehicle and the path to be followed. However, if a 

time-series filter is used to remove noise, a delay occurs in the signal, causing another problem the vehicle 

deviates from the intended path.  

To address the aforementioned issue, it is imperative to utilize a lateral control algorithm that effectively 

mitigates the transmission of noise or conduct a post-processing procedure to eliminate any noise present in 

the input signal from the existing controller. This study proposes a steering control regulation to improve the 

problem of control instability due to noise generated during the localization process. Considering the level 

of a positioning error, it could refrain from imposing excessive restrictions on steer input, simultaneously 

regulating the occurrence of chattering steering motion, typically caused by localization noise, to minimize 

unnecessary lateral jerk. 
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2 Modified Pure Pursuit Algorithm 

2.1 Basic Pure Pursuit Algorithm 

The pure pursuit algorithm sets the look-ahead point expected for the vehicle to reach within the path and 

derives a steering angle that lets the vehicle reach that point by forming a circular trajectory [6]. In general, 

the distance to the look-ahead point is proportional to the vehicle’s speed and inversely proportional to the 

curvature of the path [7]. The equation for calculating the steering angle is as follows, in which 𝑅, 𝛼, 𝐿, 𝛿, 

𝑎𝑛𝑑 𝑙𝑑  represent the radius of curvature, heading difference between the look-ahead point and the ego 

vehicle, wheelbase, steering angle, and look-ahead distance, respectively. 

2𝑅 ⋅ sin𝛼 = 𝐿           (1) 

𝛿 = atan (
2𝐿 sin𝛼

𝑙𝑑
)          (2) 

The pure pursuit method has the advantage of requiring the adjustment of only one parameter, the look-ahead 

distance. The larger the value, the better the lateral stability of the vehicle, but at the cost of slower 

convergence speed of the path error. In contrast, if the look-ahead distance value is set too small, the steering 

angle may vibrate or diverge due to disturbances, especially when noise is generated during the localization 

process. In practice, the look-ahead distance is tuned to a slightly larger value to prevent this problem when 

using the pure pursuit algorithm. 

2.2 Formulation of the Modified Pure Pursuit Algorithm 

In this section, we will present the features and implementation methods of the proposed algorithm. The 

primary contribution of the proposed method lies in its ability to exhibit a small computational burden and 

high adaptability. The algorithm involves straightforward calculations that can be executed with limited 

memory, ensuring real-time performance in a real vehicle environment. Furthermore, the proposed algorithm 

can be universally applied to the rear of various steering control algorithms without compromising their 

performance to a significant level. This paper presents an example of the proposed algorithm applied to the 

pure pursuit algorithm. However, it should be noted that the algorithm can be applied based on the steering 

angle and positioning results that any other steering controllers initially determine. 

In the proposed modified pure pursuit algorithm, the look-ahead point can move within an allowable range. 

As illustrated in Figure 1, the algorithm first determines the look-ahead line based on the predetermined look-

ahead distance and estimated localization error range. Subsequently, the final look-ahead point is chosen 

from the look-ahead line. 

 

Figure1: Definition of look-ahead line 
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2.2.1 Determination of look-ahead line 

The location of the center point of the look-ahead line, which would be denoted as XC(xC,yC), is on the 

pursuing path as far as the look-ahead distance from the center of the rear wheel of the ego vehicle. Thereafter, 

the look-ahead line is completed by extending the line perpendicular to the pursuing path from the chosen 

center point by a predetermined length. The left and right endpoints of the look-ahead line will be expressed 

as XL(xL,yL), and XR(xR,yR), respectively. The method of determining the length to extend the look-ahead 

line is as follows. As shown in Fig. 2, localization points measured within the past 1 second are collected. To 

obtain the component of covariance perpendicular to the vehicle's traveling direction from these localization 

points, the covariance matrix for the x and y components of the localization points was diagonalized, and the 

square root of the smaller diagonal element was defined as sigma. Suppose we assume that the lateral 

localization error follows the normal distribution. In that case, 95% of the localization points may be located 

inside the band with a thickness of 4 sigmas, as shown in Fig. 2. Epsilon is defined as four times sigma, and 

it becomes the length of the look-ahead line. Denoting the heading angle of the path at the predetermined 

look-ahead point XC as P, XL and XR are calculated as follows: 

𝑋𝐿 = (𝑥𝐶 + 2𝜎 cos (𝜃𝑃 +
𝜋

2
) , 𝑦𝐶 + 2𝜎 sin (𝜃𝑃 +

𝜋

2
)) = (𝑥𝐶 − 2𝜎 sin(𝜃𝑃) , 𝑦𝐶 + 2𝜎 cos(𝜃𝑃))  (3) 

𝑋𝑅 = (𝑥𝐶 + 2𝜎 cos (𝜃𝑃 −
𝜋

2
) , 𝑦𝐶 + 2𝜎 sin (𝜃𝑃 −

𝜋

2
)) = (𝑥𝐶 + 2𝜎 sin(𝜃𝑃) , 𝑦𝐶 − 2𝜎 cos(𝜃𝑃))  (4) 

 

Figure2: Determination of the length of the look-ahead line 

2.2.2 Determination of the look-ahead point 

To determine the final look-ahead point, it is first necessary to calculate the steering angle required to reach 

XL and XR, based on the assumptions made in the pure pursuit algorithm. Let lL, lR be the distances from the 

center of the rear axle of the ego vehicle to XL and XR, respectively. If L and R are steering angles to reach 

XL and XR, respectively, L and R can be obtained as follows: 

𝛿𝐿 = atan(
2𝐿 sin𝛼𝐿

𝑙𝐿
) , 𝛿𝑅 = atan(

2𝐿 sin𝛼𝑅

𝑙𝑅
)       (5) 

, where L and R are heading differences between the left, and right look-ahead points and the ego vehicle, 

respectively. 

After calculating L and R, the current steering angle t is compared to those values. Note that L is always 

larger than R since the counterclockwise steering angle is considered positive. Depending on the size of t, 

the final steering input t+1 is determined as follows: 

 =   
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𝛿𝑡+1 = {

𝛿𝐿
𝛿𝑡
𝛿𝑅

𝑖𝑓 δL ≤ 𝛿𝑡
           𝑖𝑓 𝛿𝑅 < 𝛿𝑡 < 𝛿𝐿

𝑖𝑓 𝛿𝑡 ≤ 𝛿𝑅

        (6) 

If the current steering angle falls between L and R, the current steering angle is maintained because the 

deviance of the steering angle between L and R is deemed to be due to localization noise. Otherwise, if 

the steering angle falls outside this range, one of the two values that is closer to the current steering angle is 

used instead to guarantee the path-tracking performance. As a result, the look-ahead point moves on the 

look-ahead line while properly reducing the movement of the steering wheel. 

3 Simulation 

To confirm the effect of the proposed look-ahead point-choosing method, the existing pure pursuit algorithm 

and the proposed algorithm were compared in two scenarios: a straight path and a curved path. A lightweight 

vehicle model with a wheelbase of 2.97m was utilized for simulation. To simulate the effects of localization 

noise, Gaussian noise with zero-mean and a standard deviation of 0.6m was employed in the experiment. 

Path tracking performance, change of steering angle, lateral acceleration, and lateral jerk were compared. 

3.1 Straight Path 

The straight path scenario was designed to drive 250m of road at constant speed of 50km/h. The look-ahead 

distance was set to 15m. Comparison of the performance of the pure pursuit algorithm with the proposed 

algorithm indicated that when the vehicle was controlled by the former, the steering angle experienced 

vibrations as a result of the localization noise, and the lateral jerk level was observed to be higher than that 

achieved with the latter. 

 

Figure3: Comparison of motions under a scenario with a straight path 

3.2 Curved Path 

For the curved path scenario, the vehicle was set to travel along a curved path with a radius of 20m, which 

included a 270-degree turn. The vehicle was configured to maintain a constant speed of 20km/h, while the 

look-ahead distance was set to 10m. In this case, the proposed algorithm also yielded a more modest 

steering angle and reduced lateral jerk, while maintaining lateral acceleration levels that were either similar 

or lower in magnitude compared to that of the case controlled by the pure pursuit algorithm. 
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Figure4: Comparison of motions under a scenario with a curved path 

4 Discussion 

The RMS values for path error, steering angular velocity, lateral acceleration, and lateral jerk were compared 

in Table 1 and Table 2. 

Table 1: Comparison of control performances under the straight path scenario 

 Pure pursuit algorithm Modified pure pursuit algorithm 

RMS path error(m) 1.4038 1.3976 

RMS steering angle(deg/s) 39.265 5.1823 

RMS lateral acceleration(m/s2) 1.0594 0.8284 

RMS lateral jerk(m/s3) 9.0473 5.3214 
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Table 2: Comparison of control performances under the curved path scenario 

 Pure pursuit algorithm Modified pure pursuit algorithm 

RMS path error(m) 0.0847 0.1411 

RMS steering angle(deg/s) 82.643 13.983 

RMS lateral acceleration(m/s2) 1.1434 1.1566 

RMS lateral jerk(m/s3) 9.1170 4.4089 

The lateral acceleration level showed only minor changes under both scenarios, while the deviation from the 

intended path increased by 0.0564m under the curved path scenario. However, given the high level of 

localization noise, whose standard deviation is measured at 0.6m, it is difficult to conclude that the vehicle’s 

path-tracking performance has significantly deteriorated. The implementation of the proposed algorithm 

resulted in a significant modification of the steering angle input signal, as evidenced by the reduced steering 

angular velocity. Due to the changes above, the lateral jerk was observed to decrease by nearly half. 

5 Conclusion 

To alleviate the problem of steering vibration due to localization noise, the modified pure pursuit algorithm 

was developed as a lateral control algorithm. This algorithm enables the look-ahead point to move within a 

specific range that is determined by the localization noise level. The proposed algorithm significantly 

improved the stability of the steering movement, resulting in enhanced lateral stability and increased 

passenger comfort. 

For future work, we suggest investigating the combination of the modified pure pursuit algorithm with other 

steering algorithms and improving the steering angle regulation method. In the context of combining the 

modified pure pursuit algorithm with other steering algorithms, most existing processes, such as determining 

the localization noise level, remain unchanged. Only the part that computes the steering command to reach 

the target points, which are shifted to the left and right based on the localization noise, can be modified using 

different algorithms. Various techniques could be explored to improve the steering angle regulation algorithm, 

such as utilizing 1-D mapping to adjust the steering angular velocity rate limiter based on the localization 

noise level instead of merely maintaining the steering angle. 
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