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Sensing in aquatic environment is important to maintain underwater structures and research aquatic lives and 
resources. This paper proposes a method for measuring the 3D coordinates and the shape of objects in water using 
stereo fisheye camera and a projector. By projecting light on an object from a projector, lattice pattern is created on 
the surface of the object in water. Corresponding grid points are detected on the image of two fisheye cameras, and 
3D coordinates are calculated using the principle of triangulation. Experiment results show the effectiveness of the 
proposed method. 
 
Key Words: Fisheye Camera, Stereo Camera, Projector, 3D, Sensing 

 
1. #>�

� ƁÓƩğiďƅĭ(×ƅƩ~ÃƩīčzĎ2ĴĭƩŷĨ(

ůĊ�¼�ŝ87"	6ƫ��ğiĳ·h#�74(zĎ

9nƒ�Ľóŝ
�$')¼�(�Ɩ�u
ƫ�(�0Ʃn

ƒ(q85'ği`VLN'�74(zĎ9ŝ8�6�$�

#�7*ƩůĊŌ'��6�Ɩ9©ƈ�6�$��ř$&6ƫ

��#ƌŤ$&6(�Çųĭx(ęŅ& 3Ę�Ũħ#�6ƫ 
� ği#Ũħ9ŝ
Ƙ'§Ƥ$&6(�Ʃ�(Êí'36ĸ

�(Ě/#�6ƫğiŨħ#)AY\9B\IŢ(ƔğEd

I'ċő�&�7*&4�ƩğƪB\IƪŊĞ$	 �Êí

İ(Ĺ&6ĭŸƒ9��ƄƆ�6�0Ʃği(ĭx)Ě:#

ť�ƩÅƘ(vŗ$Ĺ&6¶é'ť�6ƫ�(�0Ʃ�(Ê

í9Řç�6�$�ęŅ&ħÄ')Ġ0476ƫ® 1 )AY
\9ƔğEdI'�7Ʃh���ğ'� "	6ĭx9ğÒ

ý¤4øÛ��ĸ�#�6ƫ�(Êí'35ği'� "

	6Ɗ��ð½�7ƩÎ (ſƋ��7"ť�6ƫ 
� Ɔ�')ğiĭx(ŨħêĢ�¼�µ¥�7"	6ƫ�(

i'AY\$Ʃ_dFƩR`H>DJ&%(�ìÛĖ¨9Ķ

	�êĢ��6ƫAY\ 1�$_dF 1�9Ķ	�êĢ[1])Ʃ
��ìÛ�7�ƣ´(/Ũħ�ř#�6�0ƩŨħÇųĭ�

x'��Ø�63
'_dF9ŹĊ�6áŤ��6ƫ.�Ʃ

AY\ 1 �$R`H>DJ 1 �9Ķ	�êĢ[2])ƩR`H>
DJ4(ìÛ�$�Þĸ�ƒ#Çâp�9ŝ
�0'Ʃ¼

�(PJdb9ìÛ�6áŤ��6ƫ�74 2 !(êĢ)ĭ
x(MDIKZƧēĐƨ'|Á�&	Ũħ9ŝ
�$�#�

6$	
�ī��6�Ʃ�(Êí'36Ûơ�É&	�Œ&

PJdb(ìÛ�9Ķ	"	6�0ƩøÛĈù�¼�&5Ʃ

Ũħāƒ�Ɛ�&6ƫ 
� eýƩAY\ 2 �9Ķ	�êĢ[3][4])Ʃ�Þĸ�g(äµ
9Ķ	" 2 Ĉ(�Þĸ�ƒ#Çâp�9ŝ
ƫ�(êĢ)ø
ÛĈù�É&�Ũħāƒ�ł	$	
Įß��6�Ʃ�Þĸ 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Refraction of light 
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Fig. 2 Measurement procedure 
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Fig. 3 Measurement environment 
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Fig. 4 Ray tracing 
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Fig. 5 Epipolar line 
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Fig. 6 Detection of corresponding points 
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Fig. 7 Acquired image 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 3D image 
 
 
 
 
 
 
 
 
 

Fig.9 Thinning image 
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Fig. 10 Experiment environment 
 

Table 1 Measurement result 
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