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Investigation of Collision Detection Algorithm with Human 
Behavioral Characteristics for Small Boats 

 

RYUYA YAMAMOTO†1� KAZUFUMI NAKAI†1 
NOBUO EZAKI†1 

 
Abstract: 70% of the sea accidents are due to small boats. The position, speed and distance of other vessels are necessary to 
prevent accidents. The automatic identification system (AIS) are adapted for the acquiring for such information. But the AIS is 
expensive and not popular for small boats. The current collision prevention device is difficult to apply the closest distance (CPA) 
for small boats. Because small boats' speed is faster than the large vessels. Therefore, this study will develop a collision detection 
algorithm for small boats with human behavioral characteristics. In order for humans to take avoidance behaviors on walking, the 
judgment of collision is necessary. It is considered that avoidance behavior depends on distance, velocity, acceleration, and angle. 
The same judgment is necessary when a man drives a small boat. So if the characteristics of the human avoidance behavior are 
generalized, there is a possibility to develop the collision detection algorithm for small boats. Analyzing the walking motion of a 
human, and this study predicts the avoidance behaviors by the two methods of the decision tree and the Support Vector Machine. 
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Figure 1� Collision schematic view of pedestrians and ships.�
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Figure 2� Record videos passing-each-other of pedestrians.�
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Figure 3� Binary image example of red hat. 
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Figure 4� The calculation of pixel difference. 
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Figure 5� Tree form conceptual diagram of decision tree. 
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Figure 6� Classification schematic diagram of SVM. 
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Table 1� The prediction result of the decision tree and SVM. 
   Accuracy  Precision  Recall    F1 

ŭĄŏ     0.861     0.863    0.860   0.860 
SVM     0.972     0.973    0.972   0.972 
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�iǈƟiįZM*veÅńV]ñź/t ( }���]ǈ

ƟñźeVFĻĄVF+vȤƂðȢSZtiǈƟñźiĻ

ĄMľĤV]ÏƉ]Ơ�ƹMƕǝVȢƍŶKFǆCF+vȤ

SiŤ°ȢǤ°iĻĄŅű]ûŌ;vSeG�ŶƧěM�

MvÝƻĮM*vȤ�

� ĻĄŅűi¿­ƌgûŌŗM � a*vȤ� aƍMȢťǆ

ƹáúi;ZǺ+iÏƉ]ľĤĦKȢǋȜƹKÏƉ]Ȉǒ

VFTt+ȢǈƟñźiĻĄ]VFTtIe+ITiG*

vȤSiŅűGMȢąȜKØÍV]ťǆƹMǈƟiįZM

*vñź]ĻĄ;v]pȢƠ�ƹeiÅńñźi��ƾ]

g2;SeMG1vȤ�

� � aƍMÏƉ]ľĤ;vȍKȢťǆƹáúMǈƟiįZ

M*veÅńV]÷àĵ]�RFTtIgIȢÏƉ�KÅ
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ńǘȃ]Ŧ;e+ITiG*vȤSZKsXȢÏƉ]ƕǝ

V]ŊKȢťǆƹMĵ]�R]ƒȆ]ǈƟiįZM*ve

ǢÆ;v�MG1v]pȢ½ƛǟňV] � aƍiŅűeá

:2ȢƠ�ƹeťǆƹiǈƟiįZM*veÅńV]ñź

i��ƾ]g2;SeMG1vȤSi � aiĵű]ǛVȢ

sXǂ+eÅńV]Ņű]Ɔ+Fs�onqt]®Ĵ;v

SeG�ŶƮœiƧě]ȝpF+2Ȥ�

n]ȢǈƟiįZM*vñźis�o]ùUVȢŤ°s

�oeǤ°s�oiȀoE4]ǆIȤSZKsCFȢ�ò

ǉs�oliĉÂ]ǆIȤ  
8tKȢťǆƹiêǽǆÏA4GMg2Ȣ�ſG*Xg

./aąȜMćŉG*vƽǰǮ]Ɔ+FȢ¡ȆiêǽǆÏ

K.4vs�onqt]®Ĵ;vSeGȢ¡ȆiǆÏƀĮ

]ÍåV]ǈƟřƓ^�h�m�i�ƿÐ]ǆCF+2Ȥ 
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