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METHOD AND SYSTEM FOR ON-LINE
DECISION MAKING SUPPORT

FIELD

[0001] This invention relates to a method and system for
on-line decision making support, and more particularly, a
method and system for on-line decision making support,
which senses biological signals, for example, brainwave
activity, of a subject during a performance of a task, and
calculates a confident value based on the biological signals or
brainwave activity to determine if a post-processing proce-
dure is necessary.

BACKGROUND

[0002] Many jobs involve the visual inspection either via
image screening or human vision to identify operation threats
or suspected issues. For example, a radiologist employs the
use of imaging to both diagnose and treat diseases visualized
within the human body. Radiologists use an array of imaging
technologies (such as X-ray radiography, ultrasound, com-
puted tomography (CT), nuclear medicine, positron emission
tomography (PET) and magnetic resonance imaging (MRI)
to observe and diagnose or treat diseases. Meanwhile, a sur-
geon employs a steerable medical device, which can be
inserted into the body of the patient via an endoscope, which
provides the surgeon with the ability to observe the procedure
that is being performed within the patient.

[0003] Inaddition, video surveillance system operators and
visual inspectors view one or more screens to identify opera-
tion threats or suspected issues for facility protection or
assembly lines and the like. During the performance of the
task, the operators or inspectors screen pictures or objects,
which appear rapidly in order to identify operational threats
or suspected issues. Thus, their performances and inspection
results can heavily depend on personal knowledge, experi-
ences and mental status.

[0004] In addition to visual inspections, acoustic inspec-
tions of musical instruments, gustatory or taste tests of food
and drink, smell tests for foods and the like, and inspections
using touch are often performed by subjects as part of an
occupation or job, educational experience or daily activities.
[0005] So far there are few methods to measure the perfor-
mance of these screening professionals, students and the like,
directly based on biological activities. Accordingly, it would
be desirable to have a scientific and objective way to measure
the confidence of each inspection and/or activity, which
would improve productivity related to visual, acoustic, gus-
tatory or taste, smell, and/or touch inspections based on an
objective mental measurement.

SUMMARY

[0006] In consideration of the above issues, it would be
desirable to have a method and system, which provides for
on-line (or real-time) decision making support by sensing
biological activity, for example, brainwave activity, of a sub-
ject during a performance of a task and calculates a confident
value based on the biological activity or brainwave activity to
determine if a post-processing procedure is necessary.

[0007] In accordance with an embodiment, a method for
on-line decision making support as disclosed, comprises:
sensing biological signals of a subject upon detection of a
decision making process during a performance of a task;
recording biological activity of the subject; completing the
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decision making process and releasing the recorded biologi-
cal activity to a data processing system for analysis; compat-
ing the recorded biological activity with a profile model for
the subject; calculating a confident value for the recorded
biological activity against the profile model for the subject,
and performing a post-processing procedure if the confident
value does not meet a predefined threshold, wherein the pre-
defined threshold represents a desired performance of the
subject on the task.

[0008] In accordance with another embodiment, a system
for on-line decision making as disclosed, comprises: a bio-
logical sensing device; and a computer device having execut-
able instructions for generating a confident value for biologi-
cal from the biological sensing device, comprising: sensing
biological signals of a subject upon detection of a decision
making process during a performance of a task; recording
biological activity; completing the decision making process
and releasing the biological activity to a data processing
system for analysis; comparing the recorded biological activ-
ity with a profile model for the subject; calculating the con-
fident value for the recorded biological activity against the
profile model for the subject, and performing a post-process-
ing procedure if the confident value does not meet a pre-
defined threshold, wherein the predefined threshold repre-
sents a desired performance of the subject on the task.
[0009] In accordance with a further embodiment, a non-
transitory computer readable medium containing a computer
program for on-line decision making support as disclosed,
comprises: sensing biological signals of'a subject upon detec-
tion of a decision making process during a performance of a
task; recording biological activity of the subject; completing
the decision making process and releasing the recorded bio-
logical activity to a data processing system for analysis; com-
paring the recorded biological activity with a profile model
for the subject; calculating a confident value for the recorded
biological activity against the profile model for the subject,
and performing a post-processing procedure if the confident
value does not meet a predefined threshold, wherein the pre-
defined threshold represents a desired performance of the
subject on the task.

[0010] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention. In the drawings,

[0012] FIG. 1 is an illustration of a system for on-line
decision making support in accordance with an embodiment.
[0013] FIG. 2 is an illustration of a human brain and the
identification of one or more locations for placement of elec-
trodes of an electroencephalography (EEG) in accordance
with an embodiment.

[0014] FIG. 3 is an illustration of a human brain and the
identification of one or more locations for placement of elec-
trodes of an EEG in accordance with an embodiment.
[0015] FIG. 4is anillustration of a data processing system,
which includes a client device or general purpose computer
for a system and method of on-line decision making support.
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[0016] FIG. 5 is an illustration a flow chart for an on-line
decision making support system in accordance with an
embodiment.

[0017] FIG. 6is anillustration of a flow chart for an on-line
decision making support system in accordance with another
exemplary embodiment.

DETAILED DESCRIPTION

[0018] Reference will now be made in detail to the embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers are used in the drawings and the descrip-
tion to refer to the same or like parts.

[0019] A method for on-line decision making support as
disclosed, includes sensing biological signals of a subject
upon detection of a decision making process during a perfor-
mance of a task; recording biclogical activity of the subject;
completing the decision making process and releasing the
recorded biological activity to a data processing system for
analysis; comparing the recorded biological activity with a
profile model for the subject; calculating a confident value for
the recorded biological activity against the profile model for
the subject, and performing a post-processing procedure if the
confident value does not meet a predefined threshold, wherein
the predefined threshold represents a desired performance of
the subject on the task. As used herein biological activity
relates to the study of life and living organisms, which can
include biological activities such as perspiration or sweat,
heart rate, nervous signals, brain waves, and/or combinations
thereof. The biological activities can be measured with any
suitable sensing devices, which can detect changes in biologi-
cal activity of a subject. For example, brainwaves can be
measured and/or detected using an EEG, wherein the EEG
includes one or more electrodes, which detect visual stimuli
or signals.

[0020] In accordance with an exemplary embodiment, the
biological activity can include any activity related to an activ-
ity, which requires the subject to perform a visual, an acous-
tic, a gustatory or taste, a smell, and/or a touch activity and
measuring responses associated therewith based on an objec-
tive measurement. In accordance with an embodiment, the
biological sensor is a device which changes various types of
physicochemical properties of target to a different state, for
example electrical signals. For example, a heart rate monitor
could be used for measuring the heart rate of a subject, or a
temperature sensor for sensing changes in body temperature.

[0021] For example, neurophysiological research findings
have shown that a stereotypical spatiotemporal electroen-
cephalography (EEG) response can be triggered when a target
image is shown among a sequence of non-target and/or dis-
tractor images. Accordingly, it would be desirable, to use
these indices to monitor performance of visual inspectors,
surgeons, video surveillance system operators and the like. In
addition, the method and systems as disclosed herein can be
used for acoustic inspections, for example, tuning of musical
instruments, quality checking of cans, and the like, gustatory
inspections, for example, taste tests of wine and other drinks
and food, smell inspections, and inspections using touch.

[0022] FIG. 1 is an illustration a system 100 for on-line
decision making support in accordance with an exemplary
embodiment, which detects brainwave activity. As shown in
FIG. 1, the system for on-line decision making support 100
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can includes an optional visual display 110, a subject 120, a
brainwave sensing device 130, and a computer device or data
processing system 140.

[0023] The visual display 110 can be any suitable monitor
or screen like device, which displays an image via an image
screen 112. Alternatively, the visual display 110 can be a
medical device such as an endoscope, which includes a cam-
era or the like, and produces an image, which the subject 120
views via a visual screen 112 within the device.

[0024] In accordance with an aspect, the subject 120 per-
forms an on-line or real-time task or activity, which includes
the visual inspection or observation of a visual display or
image screen 110. For example, video surveillance system
operators and visual inspectors for product lines view one or
more display monitors or screens or objects, which appear
rapidly in order to identify operational threats or suspected
issues. In accordance with another aspect, the task or activity
can be one that the subject performs without a visual display.
For example, a visual inspector on a production line.

[0025] The brainwave sensing device 130 is a device,
which records electrical activity along the scalp. For example,
the brainwave sensing device 130 can be an electroencepha-
lography (EEG), which measures voltage fluctuations result-
ing from ionic current flows within the neurons of the brain.
An EEG can obtain recordings of the brain’s spontaneous
electrical activity over a short period of time, for example 20
to 40 minutes, as recorded from multiple electrodes placed on
the scalp. An EEG is generally described in terms of thythmic
activity and transients. The rhythmic activity is divided into
bands by frequency. The frequency bands are usually
extracted using spectral methods. However, any type of
device, which senses electrical activity along the scalp, can be
used.

[0026] For example, an EEG uses a plurality of electrodes,
which detect the voltage fluctuations. The plurality of elec-
trodes can be in the form of a cap or netting, which places the
plurality of electrodes in one or more desired location along
the scalp. Alternatively, the electrode can be positioned on the
subject individually or by any suitable manner. In addition,
touchless sensors or other sensors, which do not make contact
with the scalp of the subject, can be used to detect the elec-
trical activity.

[0027] The electrical activity from the brainwave sensing
device 130 is transmitted via a connection or wire to the data
processing system. The sensing device 130 can alternatively
include wireless technology, which transmits the data or elec-
trical activity obtained from the subject 120 to the data pro-
cessing system 140 without a hard connection or wire.

[0028] In accordance with an embodiment, the data pro-
cessing system or computer device 140 has executable
instructions for generating a confident value 142 for recorded
electrical activity from the brainwave device 130. The brain-
wave sensing device 130 senses brainwave signals of a sub-
ject 120 upon detection of a decision making process during
a performance of an activity or task. The electrical activity of
the subject is recorded over one or more frequency bands, and
upon completing the decision making process, the recorded
electrical activity is released to a data processing system 140
for analysis. The recorded electrical activity is compared with
a profile model 142 for the subject, and a confident value 160
is calculated for the recorded electrical activity against the
profile model 142 for the subject 120. If the confident value
160 does not meet a predefined threshold, a post-processing
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procedure 150 can be performed, wherein the predefined
threshold represents a desired performance of the subject on
the activity or task.

[0029] For an EEG, the frequency bands recorded can be
between approximately 0 hertz (“Hz”) to approximately 100
hertz (Hz) or greater, for example, 4 Hz to 30 Hz. Each of the
frequency bands can be generally classified within one or
more frequency bands. For example, frequencies of 4 hertz or
lower can be assigned to the delta band, theta (0) from
approximately 5 to 7 Hz, alpha (o) from approximately 8 to
15 Hz, beta (B) approximately 16 to 24 Hz, and gamma (y)
approximately 24 to 40 Hz. For example, the delta wave is a
high amplitude brain wave with a frequency of oscillation
between 0 to 4 hertz. Delta waves, like other brain waves, are
recorded with an electroencephalogram (EEG) and are usu-
ally associated with the deepest stages of sleep (3 and 4
NREM), also known as slow-wave sleep (SWS), and aid in
characterizing the depth of sleep. Thus, for an on-line deci-
sion making support system, the frequency bands will gener-
ally be 4 Hz or greater. In addition, the bands of frequencies
as identified above are examples, and the one or more fre-
quency bands can be defined by different frequencies. For
example, for an EEG, the one or more frequency bands can be
defined as delta (A), less than 4 hertz, theta (0) approximately
4 to 8 Hz, alpha (o) approximately 8 to 13 Hz, beta (f)
approximately 13-30 Hz, and gamma (y) approximately 30 to
100 Hz.

[0030] Forexample, by using one or more frequency bands
with an EEG, the EEG alpha (o) signal changes between
correct and incorrect responses can suggest a measure of
efficient use in attention processes. Furthermore, theta (8) and
alpha () signal synchronization can also help to differentiate
between hits, false alarms and correct rejections. In addition,
adistinct cognitive processing pattern by the synchronization
of EEG theta and alpha powers is known to be apparent in
approximately 90% of the subjects beginning with the pre-
sentation of the image and ending with the threat and/or
non-threat decision.

[0031] According to an embodiment, a method for on-line
judgment support is disclosed, which includes obtaining an
offline or training EEG profile modeling (or profile model)
during a skill acquisition or task, obtaining a real-time EEG
sensing module, calculating an EEG based confident mea-
surement, and performing a post-processing procedure, if
needed. Based on the above method, a system for decision
making support can be provided by measuring the similarity
of the current EEG signals with each profile model associated
to each decision result. For example, the closer or more simi-
lar, the EEG signal matches one of the profile models, the
more reliable the results. Alternatively, once a less reliable
result is detected, a post-process procedure can be conducted
so as to reduce false judgments and improve the total produc-
tivity of the subject for the same or similar skills and tasks.

[0032] In measuring the similarity of the current EEG sig-
nal with one or more profile models, the detection or start of
the decision making process can be obtained using a locking
method, which can be used to set up the analysis window of
electrical activity or Event-Related Potential (EPR) signals
for each activity or task. Thelocking method detects an event-
related brain potential, or increase in electrical activity as the
surface of the brain, which is thought to reflect the preparation
of motor activity on a certain side of the body. Accordingly,
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the detection of the increased electrical activity can be used to
begin the recordation of electrical signals for a subject per-
forming an activity or task.

[0033] For example, the locking methods can include
stimulus-locked, response-locked, eye-tracking-locked and/
or fixation-locked (FLEPR). The stimulus-locked method is
measured with respect to the moment the eliciting stimulus
appeared. The response-locked method is measured with
respect to the moment the subject performed the actual motor
activity (as measured by the execution of the movement or by
recording muscle activity in the effector). Alternatively, the
detection of the start of the decision making process can be
eye-tracking or fixation locked, which is the process of mea-
suring either the point of gaze (“where we are looking™) orthe
motion of an eye relative to the head. An eye tracker is a
device for measuring eye positions and eye movement. For
example, a number of methods for measuring eye movement
are available, which include using video images from which
the eye position is extracted.

[0034] In accordance with an aspect, the analysis window
of detected electrical signals can vary from the initial detec-
tion of a decision making process to a completion of the
activity or task. Alternatively, the analysis window of
detected electrical signals can include the detection for each
and every detected decision making process over the entirety
of the performance of the task, wherein the window includes
aplurality of windows of detected electrical signals. In addi-
tion, the recorded activity can include one set of data, which
1s released to the data processing system upon completion of
the activity or task, or alternatively, the recorded activity can
be released upon completion of each of the plurality of deci-
sion making processes detected within the entirety of the
activity or task. If the recorded activity is released upon
completion of each and every one of the plurality of decision
making processes and one or more confident values are cal-
culated, the system and method can be used to alert one of a
performance of the subject, which is below a desired perfor-
mance level before completion of the activity or task. Thus,
by alerting one of a subject’s performance before completion
of the activity or task, potential reductions in productivity,
and/or injury to the subject or others may be avoided.

[0035] FIG. 21is anillustration of a human brain 200 and the
identification of one or more locations for placement of elec-
trodes of an electroencephalography (EEG) in accordance
with an embodiment. The electrodes of the brainwave sensing
device 130 (or EEG) can be placed on the location of scalp,
where visual stimuli (or signals) are actively analyzed and
recognized, such as the left and right visual cortex or optical
chiasm. The visual cortex of the brain is the part of the
cerebral cortex responsible for processing visual information,
and is located in the occipital lobe 210, in the back of the brain
200. The term visual cortex refers to the primary visual cortex
(also known as striate cortex or V1) and extrastriate visual
cortical areas such as V2,V3,V4, and V3. The primary visual
cortex is anatomically equivalent to Brodmann area 17, or
BA17. The extrastriate cortical areas consist of Brodmann
area 18 and Brodmann area 19. A visual cortex is located in
each hemisphere of the brain. The left hemisphere visual
cortex receives signals from the right visual field and the right
visual cortex from the left visual field.

[0036] FIG. 3is anillustration of a human brain 300 and the
identification of one or more locations for placement of elec-
trodes of an EEG in accordance with an embodiment. The
dorsal stream 310 begins with V1, goes through Visual area
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V2, then to the dorsomedial area and Visual area MT (also
known as V5) and to the posterior parietal cortex. The dorsal
stream, sometimes called the “Where Pathway” or “How
Pathway”, is associated with motion, representation of object
locations, and control of the eyes and arms, especially when
visual information is used to guide saccades or reaching. The
ventral stream 320 begins with V1, goes through visual area
V2, then through visual area V4, and to the inferior temporal
cortex. The ventral stream 320, sometimes called the “What
Pathway”, is associated with form recognition and object
representation. It is also associated with storage of long-term
memory. For example, in the agreed 10-20 International
Placement System of EEG, they can be from P, |, Oy; 4], or
Fs4]. (See U. Herwig, P. Satrapi, C. Schonfeldt-Lecuona,
“Using the International 10-20 EEG System for Positioning
of Transcranial Magnetic Stimulation”, Brain Topography,
24, vol. 16, no. 2, pp. 95-99, 2003).

[0037] In accordance with an embodiment, the sensing
method can include the placement of one or more electrodes
on the scalp of the subject using an electrode cap or netting.
Alternatively, the electrodes can be individually placing the
scalp of the subject as desired. In accordance with one aspect,
the electrodes of EEG device are placed on the location of
scalp, where visual stimuli (or signals) are actively analyzed
and recognized, such as the left and right visual cortex or
optical chiasm.

[0038] Inaccordancewithan example, the signal extraction
for the EEG is the raw voltage fluctuation (1V) signal
between approximately O and 40 Hz within a defined or set
period of time (for example, approximately 1 second just
before the result released), which is collected by the EEG
device. The raw signals are transferred into the frequency
domain by FFT (Fast Fourier Transform) and divided into one
or more frequency bands. For example, the one or more
frequency bands can be defined as delta (A), four or less Hz,
theta (0) approximately 5 to 7 Hz, alpha () approximately 8
to 15 Hz, beta (p) approximately 16 to 24 Hz, and gamma (y)
approximately 24-40 Hz. In accordance with another aspect,
the one or more frequency bands can be defined delta (A), less
than 4 hertz (“Hz’)), theta (0) approximately 4 to 8 Hz, alpha
(o) approximately 8 to 13 Hz, beta () approximately 13-30
Hz, and gamma (v) approximately 30 to 100 Hz. The spec-
trum can also be obtained as the power of each of the one or
more frequency bands.

[0039] Inaccordance with an aspect, each profile when the
subject correctly identifies the visual target or non-target, is
recorded and modeled as one or more feature vectors. For
example, one feature vector could be V=<0,, o, f, 1, 9,, ct,,
B, v,5 05 s Bs v Which consists of the spectra from the
left visual cortex, the right visual cortex, and the difference
between the right visual cortex to the left visual cortex. Thus,
a single spatiotemporal EEG response can be captured.

[0040] During the training or knowledge acquisition, one or
more EEG profile models (M,) are generated for each subject
during an activity or task, wherein the subject is shown pic-
tures or objects with a plurality of different target problems.
For example, the plurality of different target problems can
include products having manufacturing defects or flaw, or
cancers in a radiology scan. In addition, depending on the
complexity of visual inspection, each of the set of models can
include a single target (or model) feature vector (V,,), or a
plurality of feature vectors, wherein each of the plurality of
feature vectors (V,,) is associated with a single problem.
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[0041] During the performance of the activity or task, the
brainwave signal (and electrical activity) of the subject is
recorded for the same time period during which the EEG
signal for the subject was collected during the profile acqui-
sition or profile modeling. For example, one second just
before the result issued, and wherein the electrical activity
and features are extracted and processed as the current feature
vector (V).

[0042] Basedonthe profile models (or EEG profile models)
of the subject obtained during the training, the similarity
between the current feature vector and one of the vectors
among the set of profile models is calculated. For example, a
similarity technique, such as Cosine Similarity or Euclidean
Distance can be used. For example, Cosine (V_, V, )=
VoV IVAIIV,D or Euclidean Distance (V,,V,,)=Sqrt
(Sum of Squared Differences of two vectors).

[0043] Accordingly, by comparing the similarity value with
a pre-defined threshold, the spatiotemporal EEG response,
which is triggered when a target image is shown among a
sequence of non-target and/or distractor images produces a
result, which can be used for on-line decision making sup-
port.

[0044] Inaccordance with an aspect, upon the generation of
a need for a post processing procedures, the post processing
procedures 150 can include requesting the subject to repeat
the task; repeating the task with another subject and if the
profile model or result is the same, accepting the profile
model] or result as a higher confident value; alerting the profile
model for the subject of the recorded activity with a special
mark for future usage; and if the profile model and recorded
electrical activity detects a new case, generating a new profile
model] for the subject and entering the profile into the set of
profile models for the subject.

[0045] FIG. 4is an illustration of a system 400 for process-
ing a method and system of on-line decision making support.
As shown in FIG. 4, the system 400 includes a computer
device or data processing system 410 for calculating the
confident value for the recorded electrical activity against the
profile model as disclosed herein. The data processing system
410 includes a processor or central processing unit (CPU)
412, one or more memories 414 for storing software pro-
grams 416 and data (such as files to be printed). The data
processing system 410 also includes an operating system
(O8), which manages the computer hardware and provides
common services for efficient execution of various software
programs 416. The processor or CPU 412 carries out the
instructions of a computer program, which operates and/or
controls at least a portion of the functionality of the data
processing system 410. Examples of data processing system
410 include and are not limited to personal computers and/or
personal digital assistants (PDAs).

[0046] The operating system acts as an intermediary
between the software programs and hardware components
within the data processing system 410. The operating system
(or OS) manages the computer hardware and provides com-
mon services for efficient execution of application software.
[0047] Thedata processing system 410 can be connected to
avideo display monitor 420 via a network 430 for displaying
the results of the comparison of the recorded electrical activ-
ity against the profile model for the subject in the form of the
confident value. The video display monitor 420 can be a
device having a screen, which display an image including but
not limited to computers, monitors, and/or personal digital
assistants (PDAs). Examples of the network 430 consistent
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with embodiments of the invention include, but are not lim-
ited to, the Internet, an intranet, a local area network (LAN)
and a wide area network (WAN). The client device 410 and
the video display monitor 420 can also be connected with a
wire and/or wireless technology by using radio frequency
(RF) and/or infrared (IR) transmission.

[0048] FIG. 5 is an illustration a flow chart for an on-line
decision making support system 500 in accordance with an
embodiment. As shown in FIG. 5, the on-line decision-mak-
ing support system 500 includes in step 510, sensing brain-
wave signals of a subject when a decision making process
starts. If the decision making process is detect in step 512, the
temporal signals for each channel is recorded and the mean-
ingful features of the temporal signals are extracted in step
520. For example, the meaningful features can include spec-
trum of each band, attention, and/or electron paramagnetic
resonance (ERP).

[0049] In step 530, if the decision making process has fin-
ished, e.g., the judgment and/or decision making process has
been completed by the subject, in step 532. the results are
released to a data processing system. If the judgment and/or
decision making process has not yet been completed, in step
534, the process continues to record the temporal signals for
each channel until the decision making process has been
completed.

[0050] In step 540, the current brainwave signals (e.g.,
recorded temporal signals) are compared with one or more
profiler models or goal state profiles for the subject to deter-
mine a confident value. The one or more profiler models or
goal state profiles can be established models or profiles for the
subject. Alternatively, the models or profiles can be estab-
lished based on one or more previous test and analysis of the
task and/or a similar task, which provides a profile model, if
the profile model for the activity or task for the subject has not
been previously established. The obtained results and the
profiler models are forward for comparison via step 542 to
generate a confident value 552 in step 550.

[0051] For example, in step 544, profile models of brain-
wave signals and electrical activity for one or more judgment
decisions are collected offline after finishing training for each
subject. The profile models in step 546 are provided to the
data processing system, which compares the current brain-
wave signals and electrical activity of the subject with the
profiler models (of goal state pattern profile) for the obtained
results.

[0052] In step 550, the obtained results and the profiler
model after comparison are used to calculate the similarity of
the obtained results and the profiler model to generate a
confident value 552 for the current results.

[0053] Once the confident value 552 has been generated, if
the confident value 552 is greater than a predetermined or
predefined threshold 560, in step 562, the results of the deci-
sion are output 570 for review, which indicates that the sub-
ject performed as expected or within a reasonable tolerance
level for the task. Alternatively, if the confident value is less
than the predetermined or predefined threshold 560, in step
564, the results are used to conduct a post-processing proce-
dure 580.

[0054] The post-processing procedure 580 can include
requesting the subject to repeat the task; repeating the task
with another subject and if the profile model or result is the
same, accepting the profile model or result as a higher confi-
dent value; alerting the profile model for the subject of the
recorded activity with a special mark for future usage; and if
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the profile model and recorded electrical activity detects a
new case, generating a goal state pattern profile (or new
profile model) for the subject and entering the goal state
pattern profile with the profile models for the subject.
[0055] FIG. 6 is an illustration a flow chart for an on-line
decision making support system 600 in accordance with
another exemplary embodiment, which includes any biologi-
cal activity. As disclosed herein, the biological activity relates
to the study of life and living organisms, which can include
biological activities such as perspiration or sweat, heart rate,
nervous signals, brain waves, and/or combinations thereof.
As shown in FIG. 6, the on-line decision-making support
system 600 includes in step 610, sensing biological signals of
a subject when a decision making process starts. If the deci-
sion making process is detect in step 612, the biological
signals and/or biological activity is recorded and the mean-
ingful features of the biological signals and/or biological
activity are extracted in step 620.

[0056] In step 630, if the decision making process has fin-
ished, e.g., the judgment and/or decision making process has
been completed by the subject, in step 632, the results are
released to a data processing system. If the judgment and/or
decision making process has not yet been completed, in step
634, the process continues to record the biological signals
and/or biological activity until the decision making process
has been completed.

[0057] In step 640, the current biological signals and/or
biological activity are compared with one or more profiler
models or goal state profiles for the subject to determine a
confident value. The one or more profiler models or goal state
profiles can be established models or profiles for the subject.
Alternatively, the models or profiles can be established based
on one or more previous test and analysis of the task and/or a
similar task, which provides a profile model, if the profile
model for the activity or task for the subject has not been
previously established. The obtained results and the profiler
models are forward for comparison via step 642 to generate a
confident value 652 in step 650.

[0058] Forexample, in step 644, profile models of biologi-
cal signals and/or biological activity for one or more judg-
ment decisions are collected offline after finishing training for
each subject. The profile models in step 646 are provided to
the data processing system, which compares the current bio-
logical signals and/or biological activity of the subject with
the profiler models (of goal state pattern profile) for the
obtained results.

[0059] In step 650, the obtained results and the profiler
model] after comparison are used to calculate the similarity of
the obtained results and the profiler model to generate a
confident value 652 for the current results.

[0060] Once the confident value 652 has been generated, if
the confident value 652 is greater than a predetermined or
predefined threshold 660, in step 662, the results of the deci-
sion are output 670 for review, which indicates that the sub-
ject performed as expected or within a reasonable tolerance
level for the task. Alternatively, if the confident value is less
than the predetermined or predefined threshold 660, in step
664, the results are used to conduct a post-processing proce-
dure 680.

[0061] The post-processing procedure 680 can include
requesting the subject to repeat the task; repeating the task
with another subject and if the profile model or result is the
same, accepting the profile model or result as a higher confi-
dent value; alerting the profile model for the subject of the
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recorded activity with a special mark for future usage; and if
the profile model and recorded electrical activity detects a
new case, generating a goal state pattern profile (or new
profile model) for the subject and entering the goal state
pattern profile with the profile models for the subject.
[0062] Inaccordance with another exemplary embodiment,
a non-transitory computer readable medium containing a
computer program for on-line decision making support, com-
prising: sensing brainwave signals of a subject upon detection
of a decision making process during a performance of a task;
recording electrical activity of the subject over one or more
frequency bands; completing the decision making process
and releasing the recorded electrical activity to a data pro-
cessing system for analysis; comparing the recorded electri-
cal activity with a profile model for the subject; calculating a
confident value for the recorded electrical activity against the
profile model for the subject, and performing a post-process-
ing procedure if the confident value does not meet a pre-
defined threshold, wherein the predefined threshold repre-
sents a desired performance of the subject on the task.
[0063] In accordance with an exemplary embodiment, a
non-transitory computer readable medium containing a com-
puter program for on-line decision making support, compris-
ing: sensing biological signals of a subject upon detection of
a decision making process during a performance of a task;
recording biological activity of the subject; completing the
decision making process and releasing the recorded biologi-
cal activity to a data processing system for analysis; compar-
ing the recorded biological activity with a profile model for
the subject; calculating a confident value for the recorded
biological activity against the profile model for the subject,
and performing a post-processing procedure if the confident
value does not meet a predefined threshold, wherein the pre-
defined threshold represents a desired performance of the
subject on the task.

[0064] The non-transitory computer usable medium may
be a magnetic recording medium, a magneto-optic recording
medium, or any other recording medium which will be devel-
oped in future, all of which can be considered applicable to
the present invention in all the same way. Duplicates of such
medium including primary and secondary duplicate products
and others are considered equivalent to the above medium
without doubt. Furthermore, even if an embodiment of the
present invention is a combination of software and hardware,
it does not deviate from the concept of the invention at all. The
present invention may be implemented such that its software
part has been written onto a recording medium in advance and
will be read as required in operation.

[0065] Themethod and system for on-line decision making
support as disclosed herein may be implemented using hard-
ware, software or a combination thereof. In addition the
method and system for on-line decision making support as
disclosed herein may be implemented in one or more com-
puter systems or other processing systems, or partially per-
formed in processing systems such as personal digit assistants
(PDAs). In yet another embodiment, the invention is imple-
mented using a combination of both hardware and software.
[0066] It will be apparent to those skilled in the art that
various modifications and variation can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims and their equivalents.
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What is claimed is:

1. A method for on-line decision making support, compris-
ing:

sensing biological signals of a subject upon detection of a

decision making process during a performance of a task;
recording biological activity of the subject;

completing the decision making process and releasing the

recorded biological activity to a data processing system
for analysis;

comparing the recorded biological activity with a profile

model for the subject;
calculating a confident value for the recorded biological
activity against the profile model for the subject, and

performing a post-processing procedure if the confident
value does not meet a predefined threshold, wherein the
predefined threshold represents a desired performance
of the subject on the task.

2. The method of claim 1, wherein the step of calculating
the confident value comprises:

extracting one or more features from the recorded biologi-

cal activity;

generating one or more current feature vectors; and

comparing the one or more current feature vectors to one or

more target feature vectors among the profile model for
the subject using at least one similarity technique.

3. The method of claim 2, wherein the at least one similar-
ity technique is Cosine Similarity or Fuclidean Distance.

4. The method of claim 1, wherein the biological signals
are brainwave signals, and the biological activity is electrical
activity recorded over one or more frequency bands.

5. The method of claim 4, further comprising:

obtaining the electrical activity from the subject for a right

hemisphere visual cortex and a left hemisphere visual
cortex;
generating a current feature vector consisting of spectra
from the right visual cortex, the left visual cortex and a
difference from the right visual cortex to the left visual
cortex over one or more frequency bands; and

comparing the current feature vector to a target feature
vector from the profile model for the subject.

6. The method of claim 5, wherein the one or more fre-
quency bands include electrical signals between approxi-
mately 5 and 40 Hz, and the current and target feature vectors
are generated using two or more frequency bands from the
one or more frequency bands between approximately 5 and
40 Hz.

7. The method of claim 5, wherein the current and target
feature vectors are spatiotemporal vectors.

8. The method of claim 1, further comprising generating at
least one profile model for each subject after showing the
subject one or more tasks having different target problems.

9. The method of claim 8, wherein the at least one profile
model for each subject comprises a plurality of profile mod-
els, each of the plurality of profile models having at least one
target feature vector.

10. The method of claim 9, further comprising calculating
a similarity between a current feature vector generated from
the recorded electrical activity and a target vector among the
at least one target feature vectors from the profile model ofthe
subject to calculate the confident value.

11. The method of claim 4, wherein the detection of the
decision making process comprises a locking mechanism, the
locking mechanism including one or more of the following
locking mechanisms:
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a stimulus-locked, a response-locked, an eye-tracking-

locked, and/or a fixation-locked (FLEPR) method.

12. The method of claim 1, wherein the post-processing
procedure includes one or more of the following:

requesting the subject to repeat the task;

repeating the task with another subject and if the profile

model or result is the same, accepting the profile model
or result as a higher confident value;

alerting the profile model for the subject of the recorded

biological activity with a special mark for future usage;
and/or

if the profile model and recorded biological activity detects

anew case, generating a new profile for the subject and
entering the new profile into the profile models for the
subject.

13. A system for on-line decision making, comprising:

a biological sensing device; and

a computer device having executable instructions for gen-

erating a confident value for biological from the biologi-

cal sensing device, comprising:

sensing biological signals of a subject upon detection of
a decision making process during a performance of a
task;

recording biological activity;

completing the decision making process and releasing
the biological activity to a data processing system for
analysis;

comparing the recorded biological activity with a profile
model for the subject;

calculating the confident value for the recorded biologi-
cal activity against the profile model for the subject,
and

performing a post-processing procedure if the confident
value does not meet a predefined threshold, wherein
the predefined threshold represents a desired perfor-
mance of the subject on the task.

14. The system of claim 13, wherein the step of calculating
the confident value comprises:

extracting one or more features from the recorded biologi-

cal activity;

generating one or more current feature vectors; and

comparing the one or more current feature vectors to one or

more target feature vectors among the profile model for
the subject using at least one similarity technique.

15. The system of claim 13, further comprising a display
for displaying visual features to a subject during the perfor-
mance of the task.

16. The system of claim 13, wherein the biological signals
are brainwave signals, and the biological activity is electrical
activity recorded over one or more frequency bands.

17. The system of claim 16, further comprising:

obtaining the electrical activity from the subject for a right

hemisphere visual cortex and a left hemisphere visual
cortex;

generating a current feature vector consisting of spectra

from the right visual cortex, the left visual cortex and a
difference from the right visual cortex to the left visual
cortex over one or more frequency bands; and

wherein the one or more frequency bands including elec-

trical signals between approximately 5 and 40 Hz, and
generating the current feature vector using two or more
frequency bands from the one or more frequency bands
between approximately 5 and 40 Hz.
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18. The system of claim 17, further comprising:

generating at least one profile model for each subject after

showing the subject one or more tasks having different
target problems, wherein the at least one profile model
for each subject comprises a plurality of profile models,
each of the plurality of profile models having at least one
target feature vector; and

calculating a similarity between the current feature vector

generated from the recorded electrical activity and a
target vector among the atleast one target feature vectors
from the profile model of the subject to calculate the
confident value.

19. The system of claim 13, wherein the post-processing
procedure includes one or more of the following:

requesting the subject to repeat the task;

repeating the task with another subject and if the profile

model or result is the same, accepting the profile model
or result as a higher confident value;

alerting the profile model for the subject of the recorded

biological activity with a special mark for future usage;
and

if'the profile model and recorded biological activity detects

anew case, generating a new profile for the subject and
entering the new profile into the profile models for the
subject.

20. The system of claim 16, further comprising sensing the
brainwave activity using an EEG, wherein the EEG includes
one or more electrodes, which detect visual stimuli or signals.

21. A non-transitory computer readable medium contain-
ing a computer program for on-line decision making support,
comprising:

sensing biological signals of a subject upon detection of a

decision making process during a performance of a task;
recording biological activity of the subject;

completing the decision making process and releasing the

recorded biological activity to a data processing system
for analysis;

comparing the recorded biological activity with a profile

model for the subject;
calculating a confident value for the recorded biological
activity against the profile model for the subject, and

performing a post-processing procedure if the confident
value does not meet a predefined threshold, wherein the
predefined threshold represents a desired performance
of the subject on the task.

22. The computer readable medium of claim 21, wherein
the step of calculating the confident value comprises:

extracting one or more features from the recorded biologi-

cal activity;

generating one or more current feature vectors; and

comparing the one or more current feature vectors to one or

more target feature vectors among the profile model for
the subject using at least one similarity technique.

23. The computer readable medium of claim 22, wherein
the biological signals are brainwave signals, and the biologi-
cal activity is electrical activity recorded over one or more
frequency bands.

24. The computer readable medium of claim 23, further
comprising:

obtaining the electrical activity from the subject for a right

hemisphere visual cortex and a left hemisphere visual
cortex;

generating a current feature vector consisting of spectra

from the right visual cortex, the left visual cortex and a
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difference from the right visual cortex to the left visual
cortex over one or more frequency bands; and

comparing the current feature vector to a target feature
vector from the profile model for the subject.
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