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Introduction 

• Autonomous control for robotic missions is a 
complex task  

• Involves multiple disciplines:  

– Mechanical: robot design and construction  

– Engineering: implementation of software to 
interoperate the robot  

– Artificial intelligence: give the robot the ability to 
decide what to do  
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Introduction 

• The constraints are hard, a robot must:  

– Performs the tasks for which is designed for  

– And do it as efficiently as possible!  

– Deal with uncertainty and dynamic environments  

– And of course, survive!  

• These constraints are hard questions and 
exists a big number of control architectures 
that try to solve it in different ways 

ICAPS2013 – PlanRob Workshop |  

LAAS 

GOAC 

MoBAr 
NASREM 

RAX 

ARA AuRA 

ROGUE 

ICARUS SSS 

T-REX 

CLARAty 

Only a few 
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Introduction 

ICAPS2013 – PlanRob Workshop |  

• Also, a lot of different ideas and technologies 
for the deliberative process 

• We will focus on two of them with different 
approaches: 

– Action oriented: based on predicates logic to 
define the state of the world  MOBAR 

– Timelines based: representation of the world as 
evolution over time for the different attributes of 
the world  GOAC 
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Model-Based Architecture 

• Implemented in UAH as a 3 layer architecture 
with different technologies: 

– Deliberator: modified PDDL-based planner  

– Executor: PLEXIL and Plexil Executive  

– Functional: set of GenoM modules  

• The interfaces between layers are 
fundamental, each layer have a different 
scope and model 
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Model-Based Architecture 

• An attempt to push the 
focus on the behavior 
modeling and swappable 
components 

• In an early stage of 
development 

• You can see it at 
application showcase: 

 Wed, June 12 17:00 
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Goal-Oriented Autonomous Controller 

• Effort of multiple institutions under 
ESA-ESTEC contract 
 
 

• A multi-agent architecture composed 
of: 
– T-REX for interleaving planning and 

execution 
– An APSI-based planner for deliberate 

over a timelines approach into the 
deliberative reactors 

– GenoM plus BIP to generate reliable, 
modular and verifiable components for 
the functional layer 
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A case of study problem 

• A classic scenario for exploration missions: 

– Perform some scientific tasks in different 
locations 

– Some constraints to consider in the model 

– Implies autonomous navigation, environment 
monitoring, operate under temporal and 
energy constraints and more 

• Complex problem! 
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PDDL modeling 

• Planning Domain Definition Language 

• Model the world as a set of predicates 

• The domain specifies a set of actions to 
change the state of the world 

• The problem defines the initial state of the 
world and the desired goals 

• A plan is a sequence of actions to achieve the 
goals from the initial state of the world 
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PDDL modeling (Domain) 
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PDDL modeling (Problem) 
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DDL and PDL modeling 

• Domain/Problem Definition Language 

• Model the world as state variables 

• The domain model represents the physical 
interactions between the state variables 

• The problem defines the states at the start 
time, and a set of desired states that must be 
accomplished at the end of the execution 

• Transitions of the state variables define the 
“plan” 
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DDL modeling 
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PDL modeling 

ICAPS2013 – PlanRob Workshop |  21 



Contents 

• Introduction 

• Model-Based Architecture 

• Goal-Oriented Autonomous Controller 

• A case of study problem 

• PDDL modeling 

• DDL and PDL modeling 

• Brief analysis 

• Conclusions 

ICAPS2013 – PlanRob Workshop |  22 



Brief analysis 

• Plans generated by each system: 

  PDDL     

 

 

   

  DDL/PDL 
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Brief analysis 

• In MOBAR PDDL gives a fixed plan 

• DDL/PDL in GOAC works as a reactive planner, 
evolving with the observation of the 
environment 

• So, when an unexpected situation is detected 
or a goal is added: 
– MOBAR requires a complete new plan from  

scratch 

– GOAC propagates the change over the timelines 
and performs replanning over its temporal horizon 
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Brief analysis 

• How do  they manage the time? 

– PDDL uses durative actions to define the time 
required 

– DDL/PDL reason over temporal state variables with 
flexible bounded periods 

• How it affects to the planning process? 

– First one gives a fixed duration time for every action 

– The second has a flexible behavior and transitions 
are linked via temporal relationships 
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Brief analysis 

• And resources? 

– PDDL uses fluent to represent continuous variables, 
useful to model basic resources, but planners 
usually do not work well with it (personal 
experience) 

– DDL/PDL does not contain a resource model 
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Conclusions 

• This is an initial work that tries to characterize 
the capabilities and performance of different 
deliberative systems for autonomous control 

• It is important to analyze how these systems 
manages time and resources, a critical point 
in robotics 

• From our experience PDDL is easier to model 
and understand, but DDL/PDL provides a 
better way to define the complex interactions 
of the environment 
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