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Bundle Adjustment and 3D Reconstruction Method
for Underwater Sonar Image
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In this paper we present (1) analysis of imaging sonar measurement for two-view relative
pose estimation of an autonomous vehicle and (2) bundle adjustment and 3D reconstruction method
using imaging sonar. Sonar has been a popular sensor for underwater application due to its robustness
to water turbidity and visibility in water medium. While vision based motion estimation has been
applied to many ground vehicles for motion estimation and 3D reconstruction, imaging sonar addresses
challenges in relative sensor frame motion. We focus on the fact that the sonar measurement inherently
poses ambiguity in its measurement. This paper illustrates the source of the ambiguity in sonar
measurements and summarizes assumptions for sonar based robot navigation. For validation, we
synthetically generated underwater seafloor with varying complexity to analyze the error in the motion

estimation.

Imaging Sonar, Bundle adjustment, 3D reconstruction
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Fig. 2. Sonar coordinate definition
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Fig. 4. Depiction of synthetic data generation

Table 1. Experimental Results by Bundle Adjustment Methods

t,(m) | t,m) | £.(m) 0, (deg) Hy(deg) 0 (deg)

2D-2D | Avg |0.0033]-0.0011| - - - 10.0057

points | Std [0.0036{0.0013| - - - 10.0172

3D-3D | Avg|0.0035|0.0042|0.0028 |0.0166|0.00850.0131

plane | Std [0.0031|0.0019|0.0037|0.0482|0.0414 |0.0134

3D-3D | Avg|0.0052{0.0032|0.0092 |-0.0978|0.0377|0.0172

points | Std |0.0039|0.0055|0.0179 |0.7423 |0.0436|0.0301
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Fig. 5. Performance evaluation of 2D-2D points bundle adjustment
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