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Motivation
Unmanned underwater vehicles are being used for many 
underwater tasks but are subject to poor localization
● No GPS underwater
● Poor visibility
● High precision sensors are very expensive

This work provides 
better underwater
localization with 
more affordable 
sensors
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Convolutional Neural Networks (CNNs)

CNNs are machine learning algorithms that perform well at 
identifying objects in images

U-Net CNN: used to 
identify objects in side 
scan sonar images

Siamese CNN: used to 
determine if the same 
object is being 
re-observed 

Pose-Graph SLAM

Create a graph that ties together 
the location of the vehicle “X

i
” 

with the locations of landmarks 
“LM

i
”

1. First vehicle pose is on the surface with GPS fix.
2. As landmarks are encountered, add them to the graph with 

the position of the vehicle.
3. When the same landmark is re-observed, connect the 

vehicles current location to it.
4. Optimize the graph to improve the estimate of the vehicle’s 

location

Terrain Based Navigation (TBN)

Compares the depth profile 
recorded by the vehicle’s 
altimeter to a digital 
bathymetry map 

● Use a particle filter to estimate the vehicle’s location.
● The particles’ positions get moved in the same direction as 

the vehicle + noise to model the uncertainty.
● Altimeter readings are compared to the bathymetry map
● Particles with the correct depth measurement receive a 

higher probability of being correct.

Method

● U-Net CNN evaluate side scan sonar imagery for landmarks.
● Siamese CNN determines if the landmark has been seen 

before.
● Landmarks are fed into a pose-graph SLAM algorithm with 

the vehicle’s estimated position.
● TBN limits the uncertainty in the vehicle's position until the 

SLAM algorithm can perform an optimization.
● When landmarks are re-observed, a SLAM optimization is 

performed to improve the estimated location of the vehicle. 

Use SLAM and Terrain Based Navigation to fuse side scan sonar 
data with altimeter measurements for better localization 


