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Introduction Risk Assessment

State of the Art

The growing interest in ocean discovery imposes a need for inspection and

intervention in confined and demanding environments. Eely’s slender shape, in

addition to its ability to change its body configurations, makes articulated

underwater robots an adequate option for such environments. However, operation

of Eely in such environments imposes demanding requirements on the system, as

it must deal with uncertain and unstructured environments, extreme

environmental conditions, and reduced navigational capabilities.

The main goal of this thesis is to investigate the high level of interdisciplinarity

between control and risk assessment of autonomous underwater snake robots

operating in confined environments.
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Figure 2 shows one of the developed Dynamic Bayesian Networks (DBN) for the 

case of confined environments operations.

Figure 3 shows the sensitivity analysis results for the case of confined 

environments operations.

A Bayesian risk approach to assess the risks of losing Eely for two case/mission 

scenarios: Seabed mapping, and confined environments operations was developed. 

An Altitude Controller of underwater snake robots based on a nonlinear Fractional 

Order PID (FOPID) was proposed

Figure 1 summarize the objectives and interdisciplinarity of fields presented in

the thesis.

Figure 2: DBN for Losing Eely during Confined Environments Operations

Figure 3: Sensitivity tornado diagram for Losing Eely during Confined 

Environments OperationsFigure 1: Thesis interdisciplinarity
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Altitude Control Simulation Results

Conclusion

Simulations were carried out using ROS2, Gazebo and Plankton simulator. The

full simulation architecture is shown in Figure 4.

Figure 4: Simulation Architecture

Table 1 shows the performance of different developed controllers combined with

the altitude controller for Eely.

Figure 5 shows the results for six different controllers over a seamount, namely

Proportional, PID and four FOPID controllers. Figure 6 shows FOPID 4

controller which had superior altitude regulation performance in confined

environments.

Figure 5: Combined Altitude results of different Controllers

Figure 6: Eely mapping a Confined Seamount with FOPID 4 Controller

Table 1: Performance comparison of Controllers and Error

Field Experiments

Field experiments with Eely were performed in Trondheim Fjord to validated the

simulator results. Figure 7 shows a scanned part of the seabed during the trials.

Figure 7: Eely in Trondheim Fjord and a scanned seabed part

The results of the Bayesian risk assessment provided valuable insights into 

quantifying and mitigating the potential risks and uncertainties associated with 

Eely’s missions. Simulation results revealed that the FOPID altitude controller 

exhibited superior altitude regulation performance in confined environments. 

However, it is important to note that field experiments presented some disparities 

compared to the simulated results. 
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