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Abstract 
The path planning problem of the underwater vehicles under ocean current disturbance 
is studied in this paper. Considering the influence of ocean current on underwater 
vehicles, an improved artificial potential field algorithm is proposed. For ocean current 
disturbance, a new current potential field is added to the traditional algorithms. Finally, 
the path planning ability of the proposed method is validated by simulation analysis. 
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1. Introduction 

Path planning is one of the important components of unmanned driving. It plans a path for the 
underwater vehicle from the start point to the end point without collision. The artificial potential field 
(APF) algorithm is a classic path planning algorithm which used in many fields. It was first proposed 
by Khatib. It was used to solve the problem of the robotic arm being able to move and grasp objects 
without touching the workbench. Beacsue it can product a smooth trajectory, some scholars found 
that the method could be used in the path planning of mobile robots. In [1], the APF algorithm and 
neural networks were combined for the autonomous navigation of mobile robots. In [2], the improved 
APF algorithm was used to solve the obstacle avoidance problem of multi robot system cooperative 
operation.. The APF algorithm combined with reinforcement learning algorithm to solve the obstacle 
avoidance problem of robotic arm was proposed in [3]. In complex urban environment, an improved 
APF algorithm using navigation information was poposed for unmanned aerial vehicle formation [4]. 
Fusion of the collision prediction model and the APF algorithm, it can overcome the obstacle 
avoidance difficulties caused by the weak maneuverability of wave gliders [5]. The predictive APF 
was used for path planning of unmanned surface vehicle [6]. The concept of discrete APF and path 
optimization algorithm was used to calculate the optimized collision-free trajectory of the ship [7]. A 
deterministic algorithm based on multi-sub-target APF was proposed for path planning of unmanned 
surface vehicle formations [8]. Combining the improved APF method with the dynamic windowing 
algorithm, the path planning problem of amphibious robot fish was considered in [9]. APF algorithm 
and Dijkstra* algorithm for navigation of an unmanned surface vehicle in real ocean environment 
was discussed in [10]. Many studies have shown that the APF algorithm can complete the path 
planning of underwater vehicles. However, the current disturbance as an important factor in the path 
planning of the underwater vehicle should be considered. So that the planned path is more in line with 
practical applications. 

In this work, an improved APF path planning algorithm is proposed for underwater vehicles under 
current disturbance. A current disturbance force’s function is proposed for different current 
disturbances while include the current speed and direction. Finally, the proposed algorithm is verified 
by simulation. 
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2. The Model of APF 

2.1 APF Algorithm 

APF algorithm assumes that the robot moves under a kind of virtual force field. It treats the target 
and the obstacle as the objects with attractive and repulsive forces to the robot, respectively, and the 
robot will move along the combined force of attractive and repulsion. The traditional APF algorithm 
includes two kinds of force fields. Namely, the attractive field and the repulsive force field. The 
attractive field is formed by the target, and the repulsive force field is formed by the obstacle. The 
APF algorithm’s function be expressed as [11]: 

 

U(𝑞) = 𝑈 (𝑞) + 𝑈 (𝑞) (1) 

 

where U(𝑞) is the resultant function, U (𝑞) is the attractive function which used to guide the robot 
to move to the target point, U (𝑞) is the repulsive which used to prevent robots from colliding with 
obstacles.  

The common attractive field function is defined as: 

 

U (𝑞) =

1

2
𝜗𝑑 𝑞, 𝑞 , 𝑑 𝑞, 𝑞 ≤ 𝑑∗
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1

2
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(2) 

 

where, 𝑞 represents the current location, ϑ is attractive gain, 𝑞  indicates the target point location, 
𝑑 𝑞, 𝑞  is the distance between the current position and the target point, 𝑑∗  is the distance from the 
greatest attraction to avoid problems because of too much attraction.  

The repulsion field function is defined as: 

 

U (𝑞) =

1

2
𝜇

𝑄∗

𝐷(𝑞)
−

1

𝑄∗
, 𝐷(𝑞) ≤ 𝑄∗

0, 𝐷(𝑞) > 𝑄∗

(3) 

 

where, 𝜇 is the repulsion gain, 𝐷(𝑞) is defined as the distance to the nearest obstacle, 𝑄∗ represents 
the threshold of the obstacle range, and obstacles beyond this range will not affect the underwater 
vehicles. The moving direction of the robot is the resultant direction of the attraction and repulsion. 

2.2 Improved APF Algorithm 

Traditional APF algorithms are initially used for robotic arms and mobile robots. It doesn’t need to 
consider the environment factors. The operating environment of underwater vehicles is usually in the 
sea or rivers. Therefore, it is necessary to consider the influence of water flow on its navigation. In 
this paper, the current interference potential field function is added to the traditional APF function as 
follow: 

 

U (𝑞) =
1

2
𝛿𝑣 (4) 

 

where, 𝛿 is the gain of the force for current disturbance, 𝑣 represents the current velocity of the 
current.  
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The improved APF algorithn’s function is defined as: 
 

U(𝑞) = 𝑈 (𝑞) + 𝑈 (𝑞) + U (𝑞) (5) 
 

At the same time, in order to avoid the unreachable target caused by the force of the current 
disturbance being greater than the attractive force, the attractive function is improved as: 
 

U (𝑞) =

1
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2
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(6) 

3. Simulation and Comparison Studies 

In this section, the improved APF algorithm is used in the path planning of underwater vehicles in 
the simulation. Simulations are carried out for environments with different flow rates and different 
current directions. Assume that the starting position of the underwater vehicles is (60, 16), and the 
end position is (260, 270), and the speed of the underwater vehicles is 2 m/s. For other simulation 
parameters, please refer to Table 1. 
 

Table 1. Simulation parameters 

Parameters Scheme 1 

ϑ 0.01 

𝜇 2 

𝛿 5 

𝑑∗  100 

𝑄∗ 30 

3.1 Simulation Results 

 
Figure 1. Simulation Environment with Different Current Velocities. 
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Figure 2. Simulation Environment with Different Current Directions. 

 

In order to verify the effectiveness of the proposed path planning algorithm. Simulation from different 
speeds and directions of ocean currents and the simulation results are shown in Figure 1 and Figure 
2. Figure 1 shows the impact of different current velocities on path planning. In the simulation 
environment, the speeds of the ocean current are 0 m/s, 1 m/s, 2 m/s 4 m/s and 10 m/s, respectively. 
The simulation results show that the method proposed in this paper can plan a suitable route in the 
case of ocean current interference. The path planning considers the impact of ocean currents on 
underwater vehicles and is in line with practical applications. The length of path with ocean current 
is underwater vehicles and is in line with practical applications. The length of path with ocean current 
is than longer the length of path with no ocean current. The greater the speed of the current, the greater 
the path length, there is also the risk of hitting obstacles, since the underwater vehicle can easily lose 
control at high current speeds. 

The paths planned by the improved APF algorithm under different current directions as shown in 
Figure 2. The direction of the ocean current is fixed and is set in four directions: northeast 45°, north, 
northwest 45° and west. The speed of current is 2 m/s. The simulation results show that the different 
directions of ocean currents have different effects on the path planning of underwater vehicles, which 
should be considered in practice. Therefore, the improved APF algorithm can effectively complete 
the path planning task and more in line with the actual situation under different current directions.  

All simulation results show that the proposed algorithm in this paper can plan the path for the 
underwater vehicle in the case of current disturbance. Compared with the traditional APF algorithm, 
it is more suitable for underwater vehicles. 

4. Conclusion 

In this paper, an improved APF algorithm is proposed for the path planning of underwater vehicles. 
According to the simulation results of the path planning under different directions and different 
speeds of current, the validity of the improved APF algorithm has been confirmed. It provides a new 
option for underwater vehicle path planning under current disturbance. There is also some problems 
that can be overcome in this paper, such as the existence of a local minimum, which is also the future 
research direction. 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0047

 

371 

References 
[1] I.M. Loutfi, M. Achille, M.A.J.J. Baptiste, et al. Artificial potential field neuro-fuzzy controller for 

autonomous navigation of mobile robots, Journal of Systems and Control Engineering, vol. 235(2021) No. 
7, p. 1179-1192. 

[2] T. Zhao, H.D. Li and S.Y. Dian. Multi-robot path planning based on improved artificial potential field and 
fuzzy inference system1, Journal of Intelligent & Fuzzy Systems, vol. 39(2020) No. 5, p. 7621-7637. 

[3] H.X. Li, D.X. Gong and J.J. Yu. An obstacles avoidance method for serial manipulator based on 
reinforcement learning and Artificial Potential Field, International Journal of Intelligent Robotics and 
Applications, vol. 2021, No. 5, pp. 186-202. 

[4] H.H. Liu, H.H.T. Liu, C, et al. Navigation information augmented artificial potential field algorithm for 
collision avoidance in UAV formation flight, Journal of Aerospace Systems, vol. 3(2020) No. 3, p. 229-
241. 

[5] D.Y. Wang, P. Wang, X.T. Zhang, et al. An obstacle avoidance strategy for the wave glider based on the 
improved artificial potential field and collision prediction model, Journal of Ocean Engineering, vol. 206 
(2020), 107356. 

[6] J. Song, C. Hao and J.C. Su. Path planning for unmanned surface vehicle based on predictive artificial 
potential field, International Journal of Advanced Robotic Systems, vol. 17(2020) No. 2. 

[7] A. Lazarowska. A Discrete Artificial Potential Field for Ship Trajectory Planning, Journal of Navigation, 
vol. 73(2019), No.1, p. 233-251. 

[8] H.Q. Sang, Y.S. You, X.J. Sun, et al. The hybrid path planning algorithm based on improved A* and 
artificial potential field for unmanned surface vehicle formations, journal of Ocean Engineering, vol. 233 
(2021). 

[9] W.L. Yang, P. Wu, X.Q. Zhou, et al. Improved Artificial Potential Field and Dynamic Window Method 
for Amphibious Robot Fish Path Planning, journal of Applied Sciences, vol. 11(2021), No. 5, p.2114-
2114. 

[10] Y. Singh, S. Sharma, R. Sutton and D. Hatton. Towards use of Dijkstra Algorithm for Optimal Navigation 
of an Unmanned Surface Vehicle in a Real-Time Marine Environment with results from Artificial 
Potential Field, journal of TransNav: International Journal on Marine Navigation and Safety of Sea 
Transportation, vol. 12(2018) No. 1, p. 125-131. 

[11] H.Y. Hu, C. Zhang, Y.H. Sheng, et al. An improved artificial potential field model considering vehicle 
velocity for autonomous driving, journal of IFAC PapersOnLine, vol. 51(2018) No. 31, p. 863-867. 

 


