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I 4 . p Gas /xm 10 Collect in real time sensing parameters of a multi-source sensing system
*Edmﬁ*ﬁiﬁﬁﬁg'ﬁ%ﬂ] R o - FRRUKEE | for water surface unmanned equipment to cbtain visual information of a water
BOMTE ENABFEN=ESZEE . g - ] . -
surface image and three-dimensional point cloud information of a water
surface environment
l 20 Manually calibrate the pre-collected water surface image, train a Deeplab

model and a Faster RCNN model by using a calibrated data set, and save

Rﬁﬁﬁ'&%‘i%?ﬂﬁ'ﬂ*ﬁ%@iﬂ?éiﬁﬁ %‘Jﬁﬁﬁﬁ%ﬁ'ﬂ?ﬁﬁ% 20 network model parameters

FDeeplab 8 R Hraster chw%ﬁﬁﬁ””ﬁﬁﬁ@mé@ﬁﬁ% - 30 By means of the Deeplab model, segment the water surface image

inputted in real time into three types: background, land, and water surface, and
extract a water surface boundary line according to the peripheral contour of a
water surface area

40 Extract a prediction box of a water surface obstacle by means of a Faster

B Deeplanif BLE TR A B K EEB EAHE S . ki /’f * RCNN network model, separately calculate the intersection over union
ARE=E, RIEACE S e FE R D F A ] between a ship and a floating object prediction box and a water surface area
outputted by an image semantic segment network, and remove a meaningless
{ obstacle detection result
50 Perform camera calibration, obtain internal parameters and external
BT Faster RCNNM%%&?EW?KEB%E%% IMAE, HRltE | 40 parameters of a camera, then jointly calibrate a three-dimensional laser radar
#a R AR RS B&RiE %‘JW%?&E’]JKEE@ZW = and the camera, and obtain a coordinate conversion relationship between the
HIZCH L, 5”"%;5 BB R radar and the camera with reference to the calibration result
60 According to the coordinate conversion relationship, project
i three-dimensional peint cloud data obtained by the laser radar to an image
- B - - .50 obtained by the camera, add depth information to the image, and finally obtain
AT m‘*”fi‘ HRAAZAN S, REHT=d Ot E S 7 world coordinates of an obstacle and a water surface boundary line by means
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of coordinate conversion between a camera coordinate system and a world
coordinate system

(57) Abstract: A multi-source sensing system and method for water surface unmanned equipment. The sensing system uses a ROS
processing module as the core, integrates information transfer, information fusion, and information output functions, and comprises
sensing and application parts. The method comprises: obtaining environment information of water surface unmanned equipment; cal-
ibrating a pre-collected water surface image, training a Deeplab model and a Faster RCNN model by using a calibrated data set, and
saving network model parameters; segmenting the image by using the Deeplab model and performing noise reduction by using a Faster
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RCNN network model; performing camera calibration, obtaining internal parameters and external parameters of the camera, jointly
calibrating a three-dimensional laser radar and the camera, and obtaining a coordinate conversion relationship between the radar and the
camera with reference to the calibration result; and according to the coordinate conversion relationship, projecting three-dimensional
point cloud data obtained by the laser radar to an image obtained by the camera, adding depth information to the image, and finally
obtaining world coordinates of an obstacle and a water surface boundary line by means of coordinate conversion between a camera
coordinate system and a world coordinate system.
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