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Abstract—A common approach to the robotic path planning 

problem is to discretize the search space and plan an optimal path 
using graph search methods. As the optimality criteria becomes more 
complex it becomes increasingly difficult to optimize the search with 
respect to each metric being considered. A hybrid path planning 
system is introduced that supplements the graph search approach 
with a cognitive architecture. The selected cognitive architecture, 
Soar, will provide high level reasoning, guiding the implementation 
of the graph search and reasoning on the results generated. Given 
scenario-specific context, the hybrid approach will allow for 
multiple, complex and possibly conflicting criteria to be considered 
during path generation. 

Keywords—robust navigation, path planning, role based 
autonomy, cognitive architecture, soar, multiple objectives, decision 
space 

I. INTRODUCTION  
 Planning a path from a starting location to a goal location is 
a common problem for autonomous mobile systems and many 
methods exist for finding an optimal path. A typical approach 
is to represent the problem as a graph and then use graph 
search methods, such as A*, to solve for an optimal path using 
a well-defined cost function. Applications that need a 
navigation solution that can address unstructured and dynamic 
environments along with multiple objectives require an 
extension to traditional planning solutions. This paper proposes 
a hybrid path planning system that will use scenario specific 
context, environment inherited costs and the results of 
traditional planning methods to populate the decision space. 
Instead of attempting to achieve optimality with respect to 
every metric defined, we propose a method of path planning 
that is reliant on a sufficiently populated decision space, from 
which the path planning solution is derived.  
 The Soar cognitive architecture is a computational model of 
human decision making [1]. Soar uses production system rules 
(roughly in the form “if … then...”) to encode knowledge that 
then governs its behavior. Problem solving in Soar can be 
described as a search through states of a problem space for a 
goal state. Each decision cycle in Soar elaborates the current 
problem state with information from encoded knowledge to 
then execute a decision procedure most appropriate to the 
current situation. If the decision is ambiguous, Soar can further 
reason on which decision aptly applies.   
 

 The path planning problem is to find a finite sequence of 
actions that transform a given initial state to a goal state. The 
state transition graph (the set of available states to traverse) can 
be either explicitly or implicitly defined. In most applications, 
the entire state transition graph is not fully represented because 
the number of states is prohibitive. Instead it is created 
incrementally during the planning process [2]. Each state 
typically encodes problem specific information such as 
location and costs (such as terrain) inherent in the world. Graph 
search methods such as A*, attempt to reduce the total states 
explored by heuristic estimates. A* uses the search evaluation 
function, f(s), for a current state (s): 
 

)()()( shsgsf +=   (1) 

Where g(s) is the accumulated cost from the initial state to state 
(s) and h(s) is the heuristic estimate from state (s) to the goal. If 
h(s) is an admissible heuristic, an estimate that is less than the 
actual cost from s to the goal; A* will generate an optimal path. 
To consider multiple cost criteria requires an extension to (1), 
usually in the form of a weighted linear-combination of costs.  
Developing a weighted cost function for graph search methods 
to consider multiple objectives is difficult to scale and 
generalize.  
 The proposed system will treat A* as a black box; a 
modular piece of the planning solution that will be guided by 
the operational directives from Soar. The final selected path 
may not prove optimal with respect to all criteria; rather, Soar 
selects a satisficing path using cognitive heuristics. The domain 
used will model the spatial-temporal environment found in ship 
operations. The planning environment will be limited to two 
dimensions and is defined as inclusionary and exclusionary 
zones with further spatial constraints given in the form of 
cross-track limits (CTL).  The system is dependent on a 
Navigator agent that parallels its real-world counterpart in 
modeling decision oriented planning. 
 

II. RELATED WORK 
The direct solution to the multiple objective path 

planning problem is to calculate a Pareto optimal surface and 
select a path with feasible combinations of costs. One such 
approach made use of gradient descent on a multiple objective 
cost function to generate the Pareto optimal surface and then 
used a PDE to determine feasible paths. It was shown that this 
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procedure is only practical for a limit
dimensionality [3]. Furthermore, this ap
computationally infeasible when the number 
metrics exceeded six.  

Even though multi-objective pat
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problems. The lightning robot path plann
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Genetic Algorithms (GA) have als
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three objectives in a static obstacle environme
 

III. HYBRID SYSTEM OVERVI
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A. The Path Generation Modu
The module is divided into thre

components: path metrics, path p
(see Fig. 1).  

 
I. Path Metrics  

The path metrics component h
will be used for two dual purposes.
generation or score a created ra
considered are path smoothness, pa
or time feasibility; if the path c
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Fig. 1.   The Path Generation Modul
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the path sets.   
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III. Path Geometry  
The path geometry component provides

First, path analysis; a set of tools for analyz
path and its features. This can include in
segment length, path smoothness, or if a given
of waypoints are within a distance tole
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B. The Soar Cognitive Architecture Mod
The Soar module is composed in a

design. It contains four containers, used for 
information and decision operations: co
geometry and planning (see Fig. 2).  

 
I. Contextual Container  

The initiation of the hybrid syste
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additional geometric information describing
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Fig. 2.   The Soar Module composed into four contai
bidirectional with path generation, receiving and an
directing the overall system operation.  
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II. Path Container  
After path generation procedur
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III. Geometry Container 
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IV. Planning Container  
The planning procedures are
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IV. RESULTS AND
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decision tree can be seen in Fig. 3.  

 

 
Fig. 3.   A high-level view of a subset of the decision s
path generation. 
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Fig. 5.   Resulting paths generated by Soar, given tactic
path length, smoothness and execution time, Soar reason
action-space to produce eight unique paths, with one failu

TABLE I.  PATH  SCORES  FOR  GENERAT

Path ID Length (m) Smoothness () Exe
1 74.6924 22.6839 
2 78.3591 30.5811 
3 74.7724 20.6300 
4 73.1028 16.4412 
5 74.0282 26.7719 
6 73.4433 14.2364 
7 74.9683 13.5321 
8 73.4592 12.4473 
9 ~ ~ 
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ned to iterate through 
ure. 

TED  PATHS  

ecution Time (s) 
18.6731 
19.5898 
18.6931 
18.2757 
18.5070 
18.3608 
18.7421 
18.3648 
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 In Fig. 5, tactical orders fo
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o consider risk of being observed, 
iteria. 



TABLE II.  PATH  SCORES  FOR  GENERATED  PATHS 

Path ID Risk () Length (m) Smoothness () 
1 76.7811 51.1895 98.1984 
2 73.7715 55.3511 46.4473 
3 73.3893 55.1928 31.1535 
4 74.6422 51.2791 36.0591 
5 74.2082 50.6924 36.9710 

  
 In Fig. 6, the system was given tactical orders to avoid 
a risk location with the additional objectives of path length 
and smoothness. The system reasons to alter the action-space 
parameters along with changing the distance heuristic to a 
risk-avoidance heuristic. The generated set of paths and their 
scores are shown in Fig. 6 and Table II. In this particular 
scenario and for each metric, a lower score is desired.  

 
 

 
 
 
 

V. CONCLUSION & FUTURE WORK 
A preliminary hybrid path planning approach, 

using a cognitive architecture and search methods (A*), 
demonstrated interaction between a module for high-level 
reasoning and a traditional path planning solution. The 
interaction showed that the Soar module can appropriately 
respond to a range of tactical orders and geometric 
complexities to generate path sets that aptly respond to the 
scenario. The system, oriented on a decision space, allows 
for a generic planning solution that can be easily extended 
to consider further metrics or other constraints.   

Future work will consider using bathymetric data 
as an additional cost in creating and traversing the graph. 
Further research will be made on how Soar can reason 
about real world data to plan in a coarse-grain style then in 
finer-resolutions depending on the scenario. Additionally, 
various learning mechanisms in Soar will be explored for 
the purposes of selecting more appropriate parameter 
initializations, iterations and deltas during the planning 
process.  
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