AN

Center for Maritime Intelligent Transportation

Navigationdehavioral decisign=-making
of MASSdeased on deep reinforcement
learning and artificial potential field

Dalian Maritime University of Chinag¢:
WANG Cheng-bo

wangcb@dimu.edu.cn

Trondheim, Norway — November 13* and 14t 2019

Intelligent Recent Navigation Simulation

ship and developments behavioral verification

autonomous of navigation decision- and result
navigation decision systems making model analysis

establishment

2019/11/14



navigation simulator, ship automatic

and other advanced equipment.

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

imager, laser radar, maritime communication satellite p

@ Center for Maritime Intelligent Transportation of DMU

Professor ZHANG Xin-yu is in charge of the

Maritime Intelligent Transportation Research Group, which

identification

system, inertial navigation system, onboard thermal
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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.

A
Coastal waters ‘ utonoplous
planning
Deep/open sea Navigation decision
Special waters Intelligent CA
Global route
Narrow channel .
optimization
Real-time/
Complex sea states . .
rationality

Uncertainty: Maritime navigation environment,
navigation situation information perception,
obstacle motion state and collision track
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Recent developments‘A
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@ Wartsila Autodocking

Autonomous

DOCK"
DOCK

capability

Strong

TEST DATA

and EXPERIENCE

- which s highly valuable in our efforts to make -

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.

» Xinsha, China ~ Nagoya, Japan ~ Yokohama

Yokohama

Nagoya e
The 2nd izl end
T T Ashizuri ‘éﬂﬁmgﬂm
September 18, 2015 £Ee
The 2nd trial start.
September 17, 2019
" 330087
The 1* trial start
September 14, 2018
12:10 (15T)
Xinsha Yonagunijima
Island
@ After passing through Yonagunijima Isial

nd,
Trials were conducted under safe conditions near Japan
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@ NYK of Japan

B{RIM{THEEICM T 5 RMER
The trial of MASS-related system

STRE WPerioa BT Tia1 L
Sl 3 201978/19%=%20

Jship‘s Name F]"-/_
SLL] IRISSEADER (Fag “Panamay LOAS 99565n)

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

Initiatives on MOL Autonomous Smart Ship

@ Recognition [>
F@ CUS EYE

AR Navigation Information
Display System

Judgment Operation
(evasive maneuvers, etc.) (evasive maneuvers, etc.)

Auto Evasive Maneuvering

Collision Avoidance Algorithm ‘System

Vessel Recognition Aute Berthing/Unberthing
/Recording System System

To be continued...

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

DALIAN MARITIME UNIVERSI

L P : p
also achieved initial results. (@) rEBFAF
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Navigation behavioral
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Jmodel establishment
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@ Framework of Navigation Behavioral Decision

Long Short-Term Memory

‘ Q-value | | ‘ Q-value 2 ~J| Q-valuen

MAX Q-value
Maritime Autonomous Surface Ship
&
i

T

A

reward function R,
Behavioral
decision-making

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

@rebFrs
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@ Navigation Behavioral Decision Space

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

@ rebtrs
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@ Reward function

10, d(t)=0

2, s=land (d (t)-d (t-1))<0
R=4-1, s=0

-1, s=land (d (¥)-d (t—-1))<0

0, else

In the formula (3), s =0 indicates that the MASS collides with the obstacle; s =1 indicates that the
MASS is sailing in the safe area; d,(¢) indicates the distance of the MASS from the target point at time

t; d (t-1) indicates the distance from the MASS to the target point at time -1; d, () indicates the

distance from the obstacle to the MASS at time ¢ d,(t —1) indicates the distance from the obstacle to
the MASS at time ¢-1.

17

@ Collision avoidance action selection strategy

l—g+m if a=argmax,A O(s,a)
m(als) <«
m else

Collision avoidance action selection strategy: This
article uses the e— 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 environmental model

Mercator
projection

——

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

20
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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.

= — " = =

y A

(a) Initial iterart-rion (b) Iteration 500 Hmes (c) Tteration 1006 times (d) Iteration 2006-}ime3u

Problem: 1. Fall into local iteration;
2. Convergence speed is very slow.
Solution: Improve DRL with APF.

@) ALibFAE

& AN
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@ Navigation Behavioral Decision Based on APF-DRL

Target point: Center
of gravitational field

gravitation

: Repulsion

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.

@) AL btAE
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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.

(a) Initial iteration (b) Iteration 500 times (cb Tteration 1000 times (d) Iteration 1500 times - '

[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. (ED)
https://doi.org/10.1007/978-981-13-7986-4_12.
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@ Result analysis and Conclusion

Verification  Trapped into local Fluctuations > 500  Collision Iteration The iteration time

experiment. iterations iterations frequency- ratio .- times - of optimal
frequency » decision (s) -

DRL - 47 . 638 1.88%. 2147 859.

APF-DRL - 2. 103. 0.08% . 1501« 442 -

BRL
AFF.DRL

Tk o oo #h idm 130 ko e i
Conclusion: eche
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. ) 3
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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@dimu.edu.cn
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