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Abstract.

Engineers have long used control systems utilizing models and feedback loops to control

real-world systems. Limitations of model-based control led to a generation of intelligent control techniques
such as adaptive and fuzzy control. Human brain, on the other hand, is known to process a variety of inputs in
parallel, ignore distractions to focus on the task in hand. This process, known as cognitive control in
psychology, is unique to humans and some higher-class animals. We are interested in implementing such
cognitive control functionality in robots. This paper tries to answer the following question: How could
cognitive control functionality be implemented in HAM-inspired robots?
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I. INTRODUCTION

As the need to control complex systems increases, it is
important to look beyond engineering and computer science
for new ways to control robots. For example, humans have
the capacity to receive and process enormous amount of
sensory information from the environment, exhibiting
integrated sensorimotor associations as early as two years
old [1]. A good example of such sensorimotor intelligence
by adults is the well-known Stroop test [2]. Most
goal-oriented robots currently perform only those or similar
tasks they were programmed for and very little emerging
behaviors are exhibited. What is needed is an alternative
paradigm for behavior learning and task execution.
Specifically, we see cognitive flexibility and adaptability in
the brain as desirable design goals for the next generation of
intelligent robots.

At the HAM Workshop in 2006, a concept of human
cognitive control [3] and a multi-agent-based, hybrid
cognitive architecture for robots [4] were presented. In this
paper, we will present the progress made during the last year
on the cognitive architecture and control, working memory
training, and a self-motivated, internal state-based action
selection mechanism.

II. COGNITIVE CONTROL FOR ROBOTS

Engineers have long used control systems utilizing
feedback loops to control mechanical systems. Figure 1
illustrates a class of adaptive/learning control systems [5].
Limitations of model-based control led to a generation of
intelligent control techniques such as fuzzy control, neuro
computing and reconfigurable control.

The human brain is known to process a variety of stimuli
in parallel, ignore non-critical stimuli to execute the task in
hand, and learn new tasks with minimum assistance. This
process, known as executive or cognitive control, is unique
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to humans and a animals  [6].
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Figure 1. An Adaptive Control System [5]
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Figure 2. Model of Cognitive Control Modified from
Miller, et. al [6]

Figure 2 illustrates a conceptual model of cognitive control
which we are using to realize robust behavior generation and
learning for our humanoid robot.

As the complexity of a task grows, so do the software
complexities necessary to process sensory information and
to control actions purposefully. Development and
maintenance of complex or large-scale software systems can
benefit from domain-specific guidelines that promote code
reuse and integration through software agents. Information
processing in our humanoid robot ISAC (Intelligent
SoftArm Control) is integrated into a multiagent-based
software architecture based on the Intelligent Machine
Architecture (IMA) [7].
guidelines for modular design and allows

IMA is designed to provide
for the
development of subsystems from perception modeling to
behavior control through the collections of IMA agents and
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LTM = Long-Term Memory

STM = Short-Term Memory

WMS = Working Memory System
SES = Sensory EgoSphere

FRA = First-order Response Agent
CEA = Central Executive Agent







































