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Abstract—Self-adaptive systems are fed with contextual 
information from the environments in which the systems operate, 
from within themselves, and from the users. Traditional self-
adaptive systems research has focused on inputs of systems 
performance, resources, exception, and error recovery that drive 
systems’ reaction to their environments. The intelligent ability of 
these self-adaptive systems is impoverished without knowledge of 
a user’s covert attention (thoughts, emotions, feelings). As a 
result, it is difficult to build effective systems that anticipate and 
react to users’ needs as projected by covert behavior. This paper 
presents the preliminary research results on capturing users’ 
intention through neural input, and in reaction, commanding 
actions from software systems (e.g., load an application) based on 
human intention. Further, systems can self-adapt and refine their 
behaviors driven by such human covert behavior. The long-term 
research goal is to incorporate and synergize human neural input. 
Thus establishing software systems with a self-adaptive capability 
to “feel” and “anticipate” users intentions and put the human in 
the loop. 

Index Terms—Brain computer interface (BCI), human 
computer interface (HCI), neural input, self-adaptive systems, 
overt and covert behavior, human in the loop 

I. INTRODUCTION 
In 2008 IBM started the “Smarter Planet” [8] initiative that 

emphasized that systems and industries are becoming more 
instrumented, interconnected, and intelligent. Smart cities, 
smart transportation, smart energy & utilities, smart 
infrastructures, and smart homes—these “smart” systems are 
the representatives of complex and dynamic software intensive 
systems. These attributes require the systems to be able to 
adapt themselves at runtime to react and deal with the 
uncertainties and unpredictable nature of the environments in 
which they operate (e.g., intrusions, faults, and exceptions). In 
general, uncertainty may be due to changes in the operational 
environment, variability of resources, and new user needs. As 
Garlan [2] [3] posited, human behavior contributes large 
amounts of uncertainty, and if we add covert human behavior 
(e.g., intentions, desired actions, attention, thoughts, memories, 
or emotions) even more uncertainty will result. 

In today’s smart environment, users and systems are 
intimately involved. As technology becomes more ubiquitous 
and software becomes more task-oriented, the self-adaptive 
capability requires the system to be able to modify its behavior 
and/or structure in response to its perception of the 
environment, the system itself as well as its goals [14] with 
minimal complex manual interaction. In the self-adaptation 

world, such systems are sometimes referred to as “mixed 
initiative” systems where users and systems work together to 
accomplish certain goals. 

The advancement of neural science and brain computer 
interfaces (BCI) [15] enable software systems to incorporate 
the mental states of its users and covert attention into the 
perceived environments and systems goals. On the frontier 
technological enablers are arrays of sensors that can convey 
information about brain states. The most widespread 
technology electroencephalography (EEG) devices (device 
that is used to measure ionic current flows of the brain’s 
neurons in order to understand brain functions) have recently 
evolved from specialized equipment reserved for 
neuroscientists to more general gadget accessible to ordinary 
users (see section II.A). 

Traditional self-adaptive systems research has focused on 
inputs of systems performance, resources, exception, and error 
recovery that drive systems’ reaction to their environments [7]. 
One of the missing links in the many existing self-* properties 
of self-adaptive systems is to address how to anticipate and 
react to humans’ thoughts and mental states. This can be 
accomplished through neural inputs. The intelligent ability of 
these self-adaptive systems is impoverished without 
knowledge of a user’s covert attention. As a result, it is a 
challenge to build effective systems that anticipate and react to 
users’ needs as projected by covert behavior. 

This paper continues our existing research collaboration on 
brain computer interface [13][9] and exploiting the synergy 
between software systems and neural inputs [18]. We present 
our preliminary research results of creating a brain mouse to 
command actions of a software system (e.g., load an 
application) based on human intention. Further, systems can 
prepare resources by self-adapting to human intention. The 
long-term research goal is to incorporate and synergize human 
metal state to establish software systems with a self-adaptive 
capability to “feel” and “anticipate” users intentions, and put 
the human in the loop [6]. This is a paradigm shift of software 
systems from react to anticipate. 

The rest of this paper is organized as follows. Section 2 
describes enabling technologies and BCI that decipher neural 
input. Section 3 describes our research methodology of 
capturing human intention by using the covert behavior input 
to self-adaptive systems. Section 4 illustrates our preliminary 
results of implementing such methodology. Finally, Section 5 
concludes the paper and outlines avenues for research. 
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DSP sends the command to the computer to perform the 
desired action. The input is similar to the PhysioNet waveform 
as shown in Fig. 4. 

 
Fig. 4: EEG P300 impulse signal processed in MATLab. The P300 impulse 
width is approximately 200 (ms) and has amplitude of 120 (uV). 

V. CONCLUSION AND FUTURE WORK 
This paper intends to challenge the software engineering 

community by incorporating human intention in self adaptive 
systems. Keeping humans covert behavior in the loop and 
directly connect brain neural input to software systems is an 
inevitable phenomenon that the software engineering 
community should embrace. Human covert behavior can 
provide the system with knowledge about users’ mental states, 
such as user’s intention. This paper presents two BCI 
approaches, i.e. SSVEP and P300 EEG stimulus signals. 
Furthermore the methodology for a device that replaces the 
overt behavior necessary to control a mouse on the computer 
screen has been replaced by the covert actions using brain 
stimulation of a hybrid BCI system that includes the SSVEP 
and P300 EEG events. 

For the future work we will evaluate the benefits of 
replacing the P300 stimulus with the SSVEP stimulus to 
control mouse clicks. The potential benefit is to optimize the 
performance of the mouse click. In an effort to continue to 
move towards the overall goal of this research, we will add 
into our implementation the neuromarker ξ, which is 
discovered by our collaborator Dr. Tognoli. The purpose of ξ 
will be to determine when the user wants to make a change in 
their current working environment. For example, if they want 
to click on a new program or scroll down on the current 
document they are reading. ξ will be used as a trigger to start 
scanning for the SSVEP signals. The long-term research goal 
is to incorporate and synergize neural input to establish 
software systems with a self-adaptive capability to “feel” and 
“anticipate” users intentions, and put the human in the loop. 
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