
1. NEMO Project Background 
Nature in Engineering for Monitoring the Oceans (NEMO) is an EPSRC 

funded joint project between University of Southampton, Newcastle University, 

and National Oceanographic Centre, Southampton. 
 

The aim of the NEMO project is to use inspiration from nature to improve 

performance of the next generation Autonomous Underwater Vehicle (AUV).  
 

The NEMO project can be separated into two work packages. One involves the 

development of a soft body deep diving vehicle. The other, as discussed here, 

involves development of the next generation propulsion and manoeuvre 

platform.  
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2. AUV and Marine Animal Databases 
The NEMO databases were created to provide an objective analysis of the 

performance gap between AUV and marine animals. Data collected include 

various physical parameters, kinematics and energy data.  

 

3. Efficiency of Bio-inspired Propulsion 
The most surprising result of the database came from the analysis of cost of 

transport (COT) for AUV and animals. Conventional wisdom suggested 

animal propulsion should be more efficient, but the database results showed 

the contrary – Cruise type AUV platform has lower COT than most animals 

which implies better cruise efficiency.  
 

While animals need to main a base metabolic rate to keep themselves alive, 

one the main contribution to the lower animal COT is believed to be poor 

linear actuator efficiency. Muscles are only around 30% efficient, so despite 

the superior hydrodynamic and propulsion efficiency of oscillating foil 

propulsion (up to 90%), the overall system efficiency remained low. The linear 

actuator limits also affects all manmade bio-inspired propulsion system. SMA 

wire actuators are typically only 3% efficient and have theoretical efficiency 

less than 10%. In comparison, a well designed electric motor and propeller 

system can exceed 60% efficient.  

5. NIMBLE platform  
The data analysis showed paired fin aquatic flyers are much more 

manoeuvrable at high speed compared to their caudal fin propelled 

counterpart. Since the aim of this work package is to improved AUV 

manoeuvrability, the investigation will study the mechanics of paired fin 

propulsion and manoeuvring using aquatic flight.  
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4. Manoeuvrability of Bio-inspired Propulsion 
Instead of propulsion system efficiency, the database analysis identified 

manoeuvrability as the main performance gap between AUV and animals. 

Animals can manoeuvre much faster and turn much tighter at higher speed 

than similar sized AUV with similar activity profiles. The manoeuvrability 

of most animals and AUV decreases as speed increases. However, aquatic 

flyers such as penguins and seals remains highly manoeuvrable even at high 

speed, due to their aquatic flight mechanisms.  

Bottlenose 
Dolphin 

252o/s, 0.44BL @2.12BL/s REMUS 100 5o/s, 2.9 BL  @ 0.5BL/s 

Tuna 0.94BL @ 0BL/s MIT VCUUV 75o/s, 2BL @0BL/s, 
16.9o/s, 3.7BL @ 0.5 BL/s 

Penguin 550o/s, 0.24BL MIT Finnegan 0.77BL @ 0.72BL/s 

Seals 690o/s, 0.1BL @ 1BL/s Odyssey ROV 120o/s, >1 BL @0 BL/s 

This will include: 

1. A study of mechanics of flapping foil 

propulsion. 

2. A study of the dynamics of paired foil 

behaving as a coupled oscillator. 

3. A study of the interaction between 

oscillator and hydrodynamic models. 

Especially during rapid manoeuvres 

where asymmetric or asynchronous 

foil activities will be expected.   

4. Design and construction of the 

NIMBLE platform to test and verify 

the theoretical models.  

5. Develop control strategies for the 

NIMBLE platform to control and 

take advantage of the nonlinear 

behaviours during rapid manoeuvres. 
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