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Intelligent Navigation Information Fusion Using Fuzzy Expert System
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Abstract

In navigation, officers receive data about inside and outside of ship from several devices(ex,
GPS / AIS / ECDIS / ARPA Radar / etc) in bridge, and use it to recognize and predict safety
situations. However, observation work of a officer is still hard for a torrent of data from several
devices, and the problem of inconsistent data among the devices. In previous research, we
presented the conceptual model of Intelligent Navigation Safety Information System based on
information fusion, and showed the example of the conceptual model using CF (Certainty Factor)
expert system to solve this problem. The information fusion technology needs various reasoning
skills, and CF expert system is not enough to express ambiguous or indefinite factors. In this
paper, we propose the concept of an intelligent navigation information fusion using fuzzy expert
system to describe the ambiguous factors, and show the validity of applying fuzzy expert system to
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the Navigation Safety Information System through the design and implementation of the proposed

concept.
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Table 2. Input data of fuzzy expert system for NIF
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if Within Limit(DCPA(0), v; m)
il DCPA(-n)-DCPAO)] >= v)
SDCPA = mid
else
SDCPA = low
else
SDCPA = high
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Fig. 3. Algorithm for 'SDCPA'
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for(navigation _risk)
ang = navigation_risk->angle
dis = navigation_risk->distance
dep = navigation_risk->Depth
iff Within_Limit(ang, 15 30)
d = square(m-dis);
RelEN += sqrt(dep * d);

J2! 5. 'RelEN AR 2 2E
Fig. 5. Algorithm for 'RelEN
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No 1. IF fuz_distance is Low Risk
Then Collision Risk is Very Safety

No 11. IF fuz_distance is Common Risk
And fuz_apptime is High Risk
Then Collision Risk is Warning

No 17. IF fuz_distance is High Risk
And fuz_apptime is Low Risk
Then Collision Risk is Warning

No 21. IF fuz distance is High Risk
And fuz_apptime is High Risk
Then Collision Risk is Very Danger
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Fig. 9. Fuzzy membership function of ‘Callision Risk'
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No 1. IF nav_Left is Very Safety
And nav_Right is Very Safety
Then GAC is avoid_angle

No 10. IF nav_Left is Very Safety
And nav_Right is Danger
And avoid_angle is Right Tum
Then GAC is Go Straight

No 47. IF nav_Left is Danger
And nav_Right is Danger
And avoid_angle is Very Left Tum
Then GAC is Left Turn

No 72. IF nav_Left is Very Danger
And nav_Right is Very Danger
Then GAC is Go Straight
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Fig. 12. Rule base of 'Fuzzy goodAvoidance’
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———————————————————— Phase No. 1-————————————— |

Mo _1 Entity

—Collision Risk Assessment hy Fuzzy Expert System
Collision Risk : 65.882z

—Proposed Avoid Angle by Fuzzy Expe»t System

Good Avoid Direction : B.88

#No.2 Entity
—Collision Risk Assessment by Fuzzy Expert System
Collision Risk : 58.57z

******************** Phase Mo @ msrrmasiiasias

=No.1l Entity
—Collision Risk Assessment by Fuzzy Expert System
Collision Risk : 45.882z

*No.2 Entity

—Collision Risk Assessment by Fuzzy Expert System
Collision Risk = 87.22x

—Proposed fvoid Angle by Fuszy Expert System

Good Avoid Direction : B.88 °

******************** Phase: No. ===t
»No.1l Entity

—Collision Risk Assessment by Fuzzy Expert System
Collision Risk = 18.62x

=No.2 Entity

—Collision Risk Assessment hy Puzzy Expert System

Collision Risk = 45.88x

Press any key to continue,

4l |
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Fig. 15. Execution result of scenario 1
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Fig. 16. Visudlization of the execution result in scenario 1
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L0100 - F ;LEEJEE

*No .2 Entity

—Collision Risk Assessment by Fuzzy Expert Systemn
Collision Risk : 84.4955x»

—Proposed Avoid Angle by Fuzzy Expert Systen
Good Avoid Direction = -2.26163

=No.1l Entity

—Gollision Risk Assessment by Fuszzy Expert System
Gollision Risk : 68.5744x

—Proposed Avoid Angle by Fuzzy Expert System
Good Avoid Direction = —2.57233

******************** Phase: No., 2———————————

#No .2 Entity
—Collision Risk Assessment by Fuzzy Expert System
Collision Risk : 45

*No.1l Entity

—Gollision Risk Assessment by Fuszzy Expert System
Gollision Risk : 86.8583x

—Proposed Avoid Angle by Fuzzy Expert System
Good Avoid Direction = -2.6697

———————————————————— Phase No. 3

=No .2 Entity
—Collision Risk Assessment by Fuzzy Expert System
Collision Risk : 18.5488x

*No.1l Entity

—Gollision Risk Assessment by Fuzzy Expert System
Collision Risk : 87.5312x

—Proposed Avoid Angle by Fuzzy Expert System
Good Avoid Direction = 2.69855

Press any key to continue_ =]
4] | 3

T8 17. Al-2|22 ofiMe] Alsl 2ot
Fig. 17. Execution result of scenario 2
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Fig. 18. Visualization of the execution result in scenario 2
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