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Figure 16 General Replanning Sequence 

Rough planning aims to select the best order of goals that can be achieved based on the mission constraints and 
the available UUV energy level and resources. Rough time independent estimates of task costs are used at this 
stage . 

Detailed plan generation involves the creation of detailed time specific task plans and, if necessary, revisits the 
rough planner to modify the task order and timing based on the detailed task values. 

A software prototype of the replanning system was tested with a simulation based testbed. Figure 17 shows a 
typical test output! 
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Figure 17 Replanning test output 

Within this test, goals 1 to 4 can be achieved but goal 5 to the east was rejected as this was lower priority and 
required more energy than was available. 

The replanning software was subsequently integrated with the User Interface to allow for remission planning and 
onboard replanning. 



Transit planning 
An autonomous transit planning module has been developed. This provides a key component within the BAUUV 
replanning system by planning and costing transit tasks. 

In order to improve mission performance and reliability, environmental factors and risks are considered when 
planning a transit path. These include: 
1. Time-varying and non-uniform subsurface currents 
2. Time-varying water levels 
3. Areas or times of high physical risk 
4. Exclusion zones 
5. Risk of detection. 

Adapting to water currents is an important aspect to consider, as the limiting factor for AUV performance is stored 
energy. Water currents in the littoral zone can flow as fast as the operational speed of an AUV, and so reacting 
optimally to these currents is vital for mission success. When flying with the currents UUVs can benefit from flying 
close to the surface, whereas when flying against the currents it is often advantageous to fly at depth or to take a 
longer route which avoids the main stream. 

The military environment of an operational area has a strong bearing on the stealth (probability of detection) of an 
AUV. The detectability of the UUV will vary with position (eg relative to the coast line and military installations) and 
time. The physical risk (eg associated with grounding or collision) also varies with time and position. 

The Transit Planner module considers the problem of finding the optimal 4-0 (3-D position and speed) path through 
a time-varying, non-uniform directional field - composed of water currents and risks (both physical risks and risk of 
detection). Optimisation requires that a multi-parameter cost function be introduced. 

A search based solution has been produced that is independent of the choice of cost function - other than that it will 
increase with time. Its choice must be driven by the application and map data available. In this instance a cost 
function is defined to be a linear combination of energy use, time taken, physical risk and risk of detection. The 
coefficients of the cost function are chosen by the user to reflect the vehicle "personality" as defined by the relative 
priorities given to energy, time, physical risk and risk of detection. 

The transit planner uses a predefined regions map area of operation. This is a tessellated map of convex cells (see 
Figure 18). The cells are sized such that the current is approximately uniform and constant across the cell over the 
time period for which the cell is occupied by the UUV. The cells also take account of boundaries such as coastlines 
and exclusion zones. 

Figure 18 Regions map cells and nodes 

A set of nodes are dynamically created along the edges of each cell. The definition of the node spacing is a tradeoff 
between plan execution speed and path resolution. 

An environmental data server updates and interpolates time-dependant environmental and risk information for cells 
within the regions map. 

The transit planner uses UUV parameters such as drag and hotel load, along with the regions map and data from 
the environmental server in order to calculate a path and speed profile between a given start and end point at a 
given time. Paths are generated for a particular combination of energy time and risk weightings. The transit planner 
also calculates the transit task cost to be used by the upper mission replanning layer. 

Example transit plans are shown in Figure 19. The upper plan is biased to minimise energy, whereas the lower plan 
with a more cautious risk settings avoids crossing the shallow water area. 



E 
"""-.c. 

5 z 

10 

5 

25 

10 

E 
"""-.c. 5 
5 z 

15 20 
East Ikm 

Figure 19 Example transit plans (upper plan is energy biased, lower plan is risk biased) 

FUTURE WORK 
The mission and task level replanning software described above was initially implemented in Matlab and tested 
within a Matlab/Simulink test harnesses. The software has now been implemented in C++ flight code to allow for 
integration within the user interface and preparation for evaluation within the BAUUV Integrated System Trial. This 
is intended to take place during Spring 2006. The Heriot Watt University/Seebyte RAUVER Vehicle has been 
selected and upgraded for use as a test platform for these trials. 

Other further activities may include the provision of further levels of task autonomy (e.g. autonomous swath planning 
and replanning) and the development of a goal based multiple vehicle planning and replanning tool. 

Operational rules, constraints databases and modes of operation also need to be defined in order to foster user 
confidence and progressively examine the most appropriate use and level of supervision for the emerging autonomy 
capabilities . 

The autonomous replanning system also has utility for other unmanned systems such as unmanned surface 
vehicles and crawlers. 

CONCLUSIONS 
Autonomous mission replanning enables the AUV to adapt its rrussion based on updates to its situational 
awareness. An architectural framework and key modules have been developed to explore this concept and vehicle 
based trails are planned for 2006 . 

Key challenges remain, notably in defining operational rules , constraints and databases and additional planning 
modes. Implementation is likely to be progressive in order to foster user trust and acceptance. However, autonomy 
developments within BAUUV and other programmes are leading to the emergence of AUVs that are truly 
autonomous. 
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