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Professor ZHANG Xin-yu is in charge of the

Maritime Intelligent Transportation Research Group, which

has 7 researchers, 1 Professor, 2 associate professors, 4

lecturers, 26 doctoral and master's degree students. The

team has published more than 150 academic papers,

including more than 40 SCI and EI searches, and has

undertaken more than 20 national, provincial and

ministerial projects, such as key special subprojects of the

Ministry of science and technology, National Natural

Science Foundation, etc. Relying on the Key Laboratory of

navigation dynamic simulation and control of the Ministry

of communications and the Key Laboratory of traffic

information engineering of the Department of education of

Liaoning Province, the team mainly includes 360 degree

navigation simulator, ship automatic identification

system, inertial navigation system, onboard thermal

imager, laser radar, maritime communication satellite

and other advanced equipment.

MASS Navigation Decision  E-Navigation  Traffic organization and optimization  

Center for Maritime Intelligent Transportation of DMU
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Intelligent ship and 
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Intelligent ship autonomous navigation (ISAN)

Intelligent ship autonomous navigation refers to the use of computer
technology, control technology, etc. to analyze and process the perceived
and obtained information, design and optimize the ship's route and speed;
when feasible, with the help of the shore support center, the ship can
automatically avoid collision in open water, narrow waterways, complex
environment conditions, and achieve autonomous navigation.

Application requirements of ISAN

Coastal waters

Deep/open sea

Autonomous 
planning

Special waters

Narrow channel

Complex sea states

Navigation decision

Intelligent CA

Global route 
optimization

Real-time/ 
rationality

Uncertainty: Maritime navigation environment, 
navigation situation information perception, 

obstacle motion state and collision track
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Recent developments 
of NDS for CA PART

2

Wartsila Autodocking

Automatic wireless charging, automatic vacuum mooring, automatic docking
Automatic control: steering and propulsion
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NYK of Japan
From September 14 to 20, iris Leader completed the autonomous navigation

test using the Sherpa real ship (SSR) navigation system. It is the first autonomous
surface vessel in the world to be tested in accordance with the 《INTERIM
GUIDELINES FOR MASS TRIALS 》issued by IMO in June 2019.
Test phase：
1: Xinsha of China to Nagoya Port of Japan;
2: Nagoya Port to Yokohama port.

NYK of Japan

In the course of the test, the performance of SSR is monitored, because it collects the
information of the environment around the ship from the existing navigation equipment,
calculates the collision risk, automatically determines the best route and speed of safety and
economy, and realizes the independent navigation of the ship.
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Advanced navigation support system of Mitsui

New ship image recognition and recording system: normal sea conditions,
night navigation, poor visibility sea conditions navigation, monitoring AIS can not
recognize small ships.

Advanced navigation support system of Mitsui
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Autonomous Navigation Decision systems of China

"ZHITENG" is China's first autonomous navigation test ship to meet the
needs of the IMO MASS. It is 21 meters long and 5.4 meters wide, with 14 knots
of design speed. It is equipped with intelligent situation awareness system,
autonomous navigation decision-making system and autonomous control system.
In addition, the construction of the experimental site of the MASS in China has
also achieved initial results.
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Framework of Navigation Behavioral Decision

Divide scene + Obtain navigation state information + Adaptive 
learning based on DRL+ Navigation behavioral decision-making

Navigation Behavioral Decision Space

Collision avoidance behavioral space: (eight discrete actions) east, 
south, west, north, southeast, northeast, southwest, and northwest.
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Reward function
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Collision avoidance action selection strategy

Collision avoidance action selection strategy: This
article uses the ε− greedy strategy, which balances
exploration and utilization.

[1] Wang C, Zhang X, Cong L, et al. Research on intelligent collision avoidance decision-making of unmanned ship in 
unknown environments[J]. Evolving Systems, 2018: 1-10.（EI）
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Simulation verification 
and result analysis

PART
4

Simulation environmental model

The simulation experiment builds a two-dimensional simulation
environment based on Python and Pygame.

Mercator
projection
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Navigation behavioral decision-making based on DRL
The experiment sets the initial position (582,324) and target point
(190,655) of MASS in pixels.

Problem: 1. Fall into local iteration;
2. Convergence speed is very slow.

Solution: Improve DRL with APF.

Navigation Behavioral Decision Based on APF-DRL

Target point: Center 
of gravitational field

Resultant force

Repulsion

gravitation

APF-DRL:
1. Taking the target point as the center of gravitational field, the trend of mass

navigation behavior selection is improved.
2. The initial value of Q-value random search is replaced by the resultant

force. 
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Navigation behavioral decision based on APF-DRL

The experiment sets the initial position (582,324) and target point
(190,655) of MASS in pixels.

[1] Zhang X, Wang C, Liu Y, et al. Decision-Making for the Autonomous Navigation of Maritime Autonomous Surface 
Ships Based on Scene Division and Deep Reinforcement Learning[J]. Sensors, 2019, 19(18): 4055.（IF：3.1）
[2] Chengbo W., Xinyu Z., Ruijie L., et al. Path Planning of Maritime Autonomous Surface Ships in Unknown 
Environment with Reinforcement Learning [J]. Cognitive Systems and Signal Processing, 2019: 1-11.（EI）
https://doi.org/10.1007/978-981-13-7986-4_12.

Result analysis and Conclusion

Conclusion:
1. The APF-DRL algorithm can improve the reliability and convergence effect of MASS

in exploring the optimal piloting behavioral decision-making.
2. The APF-DRL has a better navigation decision-making strategy in the uncertain

environment. 
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Future research
The intelligent ship in the future should have the ability of thinking and
reasoning of "human brain level". With the help of powerful intelligent
computing, the ship can realize intelligent and efficient autonomous
navigation decision-making.

Thank you !

wangcb@dlmu.edu.cn
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