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Abstract: Side scanning sonar (SSS) provides valuable information for robot navigation. However
using the side scanning sonar images in the navigation was not fully studied. In this paper, we use
range data, and side scanning sonar images from UnderWater Simulator (UWSim) and propose
measurement models in a feature based simultaneous localization and mapping (SLAM) framework.
The range data is obtained by echosounder and sidescanning sonar images from side scan sonar
module for UWSim. For the feature, we used the A-KAZE feature for the SSS image matching and
adjusting the relative robot pose by SSS bundle adjustment (BA) with Ceres solver. We use BA for the
loop closure constraint of pose-graph SLAM. We used the Incremental Smoothing and Mapping
(iISAM) to optimize the graph. The optimized trajectory was compared against the dead reckoning

(DR).
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[Fig. 1] Side Scan Sonar beam to image intensity model
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[Fig. 5] (a) The first image was obtained from the starting point
(b) The matched image was extracted from the loop closing
point (c) SIFT Image matching (d) BRISK Image matching (e)
ORB Image matching (f) A-KAZE Image matching
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[Table 1] SIFT feature matching results

vl H(inliers)H]
Edinliers) AT+
45 202 A

Number of Keypoints Image 1 1760
Number of Keypoints Image 2 1734
Number of Matches 159
Number of Inliers 28
Number of Outliers 131
Inliers Ratio (%) 17.61
SIFT Features Extraction Time (ms) 450.62
[Table 2] BRISK feature matching results

Number of Keypoints Image 1 1725
Number of Keypoints Image 2 1630
Number of Matches 144
Number of Inliers 13
Number of Outliers 131
Inliers Ratio (%) 9.028
BRISK Features Extraction Time (ms) 206.97
[Table 3] ORB feature matching results
Number of Keypoints Image 1 1537
Number of Keypoints Image 2 1535
Number of Matches 259
Number of Inliers 58
Number of Outliers 201
Inliers Ratio (%) 22.39
ORB Features Extraction Time (ms) 116.64
[Table 4] A-KAZE feature matching results

Number of Keypoints Image 1 1370
Number of Keypoints Image 2 1352
Number of Matches 364
Number of Inliers 73
Number of Outliers 291
Inliers Ratio (%) 20.05
A-KAZE Features Extraction Time (ms) 295.95
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T

(i) A-KAZE Results Number of Inliers: 107

[Fig. 6] In case of R=0.3 is (a), (b), (c). A-KAZE Inliers: 111 In
case of R=0.5 is (d), (e), (f). A-KAZE Inliers: 101 In case of
R=0.7 is (g), (h), (i). A-KAZE Inliers: 1071
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[Fig. 7] (a) MATLAB simulation environment with synthetic
seabed and Side Scan Sonars. The S1 is assigned for Side Scan
Sonar 1 and the S2 is assigned for the Side Scan Sonar 2 with
transformed pose (b) Side Scan Sonar Image 1 is obtained from S1
(c) Side Scan Sonar Image 2 is gathered from S2
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[Fig. 8] SSS BA simulation for Seabed height scaling with 3 cases.
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optimization by iSAM
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[Fig. 9] The pipes are placed in a square shape. The length of each
side is 120 m. Total path length is 480 m. The robot moves
clockwise. It shows the DR result with iSAM. The gauss-newton
algorithm was used for pose-graph optimization

[Table 5] The comparison of DR and pose-graph SLAM by iSAM

DR Pose-graph SLAM
Euclidean error (m) 3.3109 1.3456
RMSE (m) 3.5051 2.7857
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