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Abstract - Autonomous robots that are capable of making adaptions to a novel environment are needed. This research plan 
to develop a robot cognitive architecture that allows the automatic acquiring of knowledge by creating a new domain model 
and utilizing symbolic reasoning. The research objective is to develop a middleware that facilitates the automatic learning 
process, employs the symbolic reasoning, and supports Rosplan nodes during lifespan in domain maintenance and 
knowledge update. The outcomes of this research will open the door to realize high-level cognitive behaviour in real time 
dynamic AS.  The system validity will be evaluated by Operating the robot under uncertainty and with non/partial 
information of the world. 
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I. INTRODUCTION 
 
In cases when robots must interact within unknown, 
dynamic, or non-deterministic environments, robots 
that can adapt to complex situations are needed. This 
kind of cognitive architecture is provided by two sub 
systems: knowledge representation and 
perception/sensory system [4]. The goal of this 
research is to develop a robot cognitive architecture 
that allows the automatic acquiring of knowledge by 
generating a new domain model and employing 
symbolic reasoning.  This research adapts ROS 
framework for integrating a proposed software with 
the cognitive architecture of NAO robot. This will be 
by employing symbolic reasoning in the processes of 
automated planning toward effective, sustained goal-
directed behaviour. This will allow autonomous 
robots to automatically learn and adapt an accurate 
and appropriate domain model for complex 
situations. 
 
1.1. Research Aims and Value 
This research aims to employ a self-adapting domain 
model (learning in uncertain or partially known 
domains) in autonomous based to support real time 
deliberative planning in NAO robot that leads to 
high-level cognitive behaviour in real-time operation.  
The research objective is to develop a middleware 
(software) that facilitates the automatic learning 
process, employs the symbolic reasoning, and 
supports Rosplan nodes during lifespan in domain 
maintenance and knowledge update. Despite the fact 
automated planning algorithms have been well 
developed, not all problems related to computational 
complexity of generative planning have been 
overcome effectively.  Much of AS's self-knowledge 
must be encoded in a domain model before it is 
operated. The traditional domain models are hand 
crafted and maintained, which means any change in 
AS's capabilities, such as preconditions or action, 

require the new knowledge to be re-entered by 
experts. This is the central problem that limits the AS 
adaptability, and makes them difficult to maintain and 
validate [2]. For the purposes of utilizing domain 
independent planning, AS needs to learn 
automatically over real-time operation. In AS, for the 
purpose of keeping the effectiveness of the directed 
planning function, the domain model is liable to 
improvement and readjustment over time [5].  There 
have been many noticeable algorithms for 
automatically learning and developing simple action 
models, for example algorithms that can learn actions 
from tracing plan examples.  However, in reality 
there is a need for more complicated expressions to 
accurately represent the implicit mechanisms of the 
actions [16]. While NASA has developed powerful 
and effective systems, in addition to theanother 
ongoing researches and projects, they exploit 
individual and specific methods and languages. By 
contrast, our approach links three standards together: 
PDDL2.1, ROSPlan, and the Robot Operating System 
(ROS). 
 
1.2. Problem Statement 
The goal of this research is to develop a cognitive 
architecture for humanoid robot that allows learning 
and produce / synthesise effective automated plans by 
employing the symbolic reasoning. Deliberation of 
planners for real time dynamic autonomous systems 
is the challenge for many reasons[15]: 
- The difficulty of transferring the real world 
into a useful symbolic description; the transduction 
for that description must be accurate and in time.  
- How to transfer the information of the 
complex entities in the real world to symbolic 
representation and how to get agents to intellect this 
representation in time for the outcomes to be useful. 
This problem is what the APS community is trying to 
overcome.  
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In order to create and execute an efficient plan by 
employing the symbolic reasoning, Rosplan has to 
utilize domain models, which means it needs to have 
abstract knowledge of the actions of the domain, 
goals, environment, objects, and resources. However, 
the domain model in ROSPlan should be encoded 
before the execution stage. This problem limits the 
adaptability of APS applications and complicates its 
maintenance and the validation process. In order to 
develop a real time dynamic application for NAO 
Robot that can reach high-level cognitive cleverness 
and perform deliberate reasoning in unaccounted 
domains, NAO's control system needs to overcome 
the problems of validation, acquisition, and 
adaptation of domain knowledge. This can be 
achieved by providing ROSPlan with the ability to 
learn and grasp its surrounding environment, and the 
ability to develop accurate domain models. 
 
1.3. Justification for the Project 
Autonomous robots that are capable of making 
adaptions to a novel environment are needed [4]. In 
AS, the reactive picking of conditional-actions, and 
the automated valuation of sensor data is well 
developed. For many years the AS research 
community has focused on simulating low-level 
cognitive conduct. However, the ability of reasoning 
with self-knowledge is a feature of high level 
intelligent (high-level cognitive behaviour) is the key 
challenge of this research. For example, an unmanned 
vehicle might be requested to collect a rock sample 
from Mars’ surface [15]. To achieve the high-level 
cognitive behaviour, AS needs to create an efficient, 
fast enough plan and keep its knowledge base up to 
date [15]. Critical challenges are facing deep space 
exploration and the spacecraft operation and control 
technology.  Some of these challenges are: deep 
space environment and its inconspicuous factors, the 
delay in deep space communication, and the cost of 
exploration.  Consequently, to overcome these 
problems, the spacecraft needs to be able to 
autonomously operate task without the intervention of 
humans [13]. Realising an autonomous spacecraft 
will minimize costs, and increase the accuracy and 
the reactivity of the spacecraft.  This will support the 
health of the spacecraft, fault diagnosing, make 
decisions of operations, science task autonomous 
functioning, and intelligence enforcement[12]. 
 
II. BACKGROUND 
 
2.1. Cognitive Architecture 
A cognitive architecture: a theory concerns the 
structure of the human mind. In human-level 
intelligence there are two subsystems fateful for 
robotic systems, which are: mental imagery and top-
down perception system[8]. The in process of mental 
imagery in the high-level cognition uses perceptual 
and motor systems to decide feasibility of actions 
before performing them, while in the top-down 

perception system the abstract concepts and condition 
influence which aspects of the world are perceived. 
Robotic systems commonly employ metric 
representations and path planning algorithms to 
‘visualise’ whether a path to a goal is possible, or 
which select the type of low-level perceptual 
processing to execute in a manner sensible to high-
level condition. Robots must adapt to novel situations 
or operate within unknown (dynamic or non-
deterministic) environments; in such robots, symbols 
in the high-level area must be linked to objects and 
actions of the low-level area. high-level area isthe 
combination of the planner and the knowledge 
representation system; while the low-level area is a 
collection of services that exported by ROS services, 
actions and topics[4]. 
 
2.2. The Robot Operating System (ROS) 
An open-source, collection of software libraries and 
tools, used for robotic software development [14] 
follows a modular model and provides an interaction 
mechanism among its nodes with software 
components [11]. Robotics cognitive architectures 
stressed the integration between representation and 
reasoning mechanisms [9]. A modular system (such 
as ROS) is efficient and elastic for unifying varied 
representations [9].  Furthermore, modular systems 
(such as ROS) support a fast processor for the 
dataflow which comes from sensors (sensory 
information), and helps to achieve the best possible 
level of reactivity [9]. 
 
2.3.The planning Domain Definition Language 
(PDDL) 
PDDL is a standardization of plan languages [10] 
which supposes that a planner creates a set of 
instantiated actions to achieve a goal presented as 
state conditions, based on parameterised actions and 
states [6].  PDDL consists of two files: the domain 
file and the problem definition file. The domain file 
includes predicates and actions. While the problem 
file contains objects, initial state and goal 
specification [10]. in order to produce a plan, the 
planner accepts three encoded inputs: a characteristic 
of the initial state, goals to be achieved, and sets of 
executable actions[3]. 
 
2.4. Automated planning and scheduling APS 
According to [3] APS, in AI, is a field specialized in 
the realization of strategies or action sequences. It is 
for the execution of autonomous agents such as 
unmanned vehicles, intelligent agents, and 
autonomous robots. In dynamic or non-deterministic 
environment, the strategy must to be revised online.  
To overcome this problem, the solutions may include 
reinforcement learning, combinatorial optimization, 
and dynamic programming. Planning is about setting 
instances of actions toward achieving a specific goal 
[7]. Automated planning needs action models to be 
described, employing languages such as PDDL as 
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input.  Constructing such action models from zero is 
very complicated and time-consuming work. This is 
due to the difficulty of formally describing all 
conditions and variations that are reflected in the 
preconditions and reflection of action models [16]. 
 
2.5. Automated ROS Plan 
ROSPlan is an architecture (a framework) that 
provides a generic method for embedding task 
planning in ROS. Tasks of planning and plans 
dispatch are carried out by ROSPlan. Whereas 
ROSPlan supports changing the planner easily, the 
initial underlying planner in ROSPlan is POPF 
planner, which uses the Planning Domain Definition 
Language PDDL 2.1 [1]. ROSPlan has a simple 
interface in addition to several basic interfaces to 
common ROS libraries. ROSPlan is composed of 

three main parts (Planning System, Knowledge 
Management System (KMS), and Components). The 
Planning System is responsible for planning, sending 
actions for execution and re-planning. Whereas KMS 
stores PDDL objects, facts, functions, and goals. 
KMS supplies tools to manage the data. The third part 
on ROSPlan is the components which are the actions 
nodes that are dispatched by the planning system [1]. 
Planning starts when the domain model passes a 
description of the current state and actions available 
to the planner [1]. ROSPlan continuously receives 
sensor data that are used to build problem instances 
and and notify the dispatch of the plan. Actions are 
executed by lower-level controllers which respond 
reactively to instant events and supply feedback [1] 
(see Fig (1)). 

 

 
Fig.1. General overview of the ROSPLAN framework. [1] 

 
III. OBJECTIVES OF THE RESEARCH 
 
The strategy of the proposed project will be a 
revolutionary escape from the existing artificial 
intelligence approaches to robotics in that the 
components of the robot’s control system will be 
informed by knowledge of the structure and 
performing of the human cognitive system. This will 
involve learning, planning, the integration and 
interpretation of sensor information, situation 
assessment, and the robot maintaining situation 
awareness. 
 

To achieve the goal of this research the main 
objectives are: 

 Simulate human capabilities with the robot 
by populating the cognitive architecture with 
integration of existing AI tools.  

 Develop a middleware (software) that 
generates domain models, updates the 
knowledge base layer to effect both the 
acquisition of the domain model and its 
evolution over its lifespan, and integrates 
this process with ROSPlan (see fig (2)). 

 Operate and test the robot behaviour under 
uncertainty and with non/partial information 
of the world. 
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Fig.2. General overview of the proposed system integrated with ROSPLAN framework 

 
CONCLUSIONS AND FUTURE WORK 
 
This paper presents our ongoing research to develop a 
robot cognitive architecture that allows the automatic 
acquiring of knowledge by generating a new domain 
model and employing symbolic reasoning.Our 
proposed framework was designed considering real 
time free learning to reach high-level cognitive 
cleverness and perform deliberate reasoning in 
unaccounted domains. Thus robot control system 
needs to overcome the problems of validation, 
acquisition, and adaptation of domain 
knowledge.New software will be joint to ROSplan (as 
external ROS nodes). Our objectives are 
revolutionary escape from the existing artificial 
intelligence strategies to robotics in that the 
components of the robot’s control system will be 
informed by knowledge of the structure and 
performing of the human cognitive system. main 
objectives are: (1)Simulate human capabilities with 
the robot by populating the cognitive architecture 
with integration of existing AI tools. (2) Develop 
software that generates domain models, updates the 
knowledge base layer to effect both the acquisition of 
the domain model and its evolution over its lifespan, 
and integrates this process with ROSPlan. Then we 
need to test the system validity byOperatingthe robot 
under uncertainty and with non/partial information of 
the world 
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