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FIG. 16
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FIG. 18
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OPERATION ERROR DETECTION DEVICE,
EQUIPMENT INCLUDING THE DEVICE,
OPERATION ERROR DETECTION METHOD
AND EQUIPMENT EVALUATION METHOD

TECHNICAL FIELD

The present invention relates to a device for providing
some services and information to a user of an information
terminal or the like, and more particularly relates to a tech-
nique for detecting an operation error of a user when the user
operates an equipment and providing more suitable service to
the user based on a result of the operation error detection.

BACKGROUND ART

In recent years, equipments for information terminals and
the like have been highly developed and, accordingly, it has
been more and more difficult to manipulate such a highly
developed equipment. For example, the number of manipu-
lation buttons is increased and a density is increased, so that
an “operation error”, i.e., an error of mistakenly pressing a
manipulation button by a user easily happens. Also, in order
to complete an operation within a limited time, a user is
required to complete manipulation in a short time in many
situations and, therefore, an operation error such as mistak-
enly pressing a button inevitably occurs.

To eliminate such operation errors, modification of inter-
face design such as changes of GUI, adjustment of button
position and the like has been conventionally examined. For
example, in Patent Reference 1, an equipment including an
All Clear button for resetting a function which has been set to
an initial state is disclosed. In the equipment, when the All
Clear function is instructed, a display for confirming whether
or not the All Clear function may be executed appears and,
after a confirmation instruction is received, the All Clear
function is executed. Referring to Patent Reference 2, in a car
navigation system with which both of an audio compact disk
and a map storage compact disk can be used, when a map
storage compact disk is loaded in the car navigation system
and a user performs an eject manipulation of the compact
disk, a display for operation. confirmation is performed.

In the above-described examples, for an operation which
largely changes performance of an equipment, such as All
Clear of setting function (Patent Reference 1), ejection of a
map storage compact disk (Patent Reference 2) and the like,
which makes map display impossible, confirmation of a user
for an operation instruction is requested and only if confir-
mation is obtained, the function is executed.

In the same manner, in operation of computer, before an
irreversible, important operation such as deletion of a file,
format of a hard disk and the like is performed, a confirmation
display appears for selecting Yes or No.

Unlike the above-described example where an operation of
confirming user’s intention for such an important operation is
requested, there is another example, a state of a user is rec-
ognized by measuring a biological signal of the user. In Patent
Reference 3, at an interface of computer or the like, the degree
of fatigue of a user is judged from a heart rate, myoelectric
potential, the degree of sweating and the like. When the user
is fatigue, a screen display is enlarged, contrast is empha-
sized, sound is turned to louder, or an input sensitivity of an
input device such as a mouse and a pen tablet is increased.
Thus, it is believed that the degree of fatigue of the user can be
reduced and, as a secondary effect, reduction in operation
error can be expected.
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Patent Reference 1: Japanese Patent No. 3060949

Patent Reference 2: Japanese Utility Model No. 2578013

Patent Reference 3: Japanese Laid-Open Publication No.
2001-184139

DISCLOSURE OF THE INVENTION
Problems that the Invention is to Solve

However, as shown in Patent Reference 1 and Patent Ref-
erence 2, an operation of user’s confirmation which is per-
formed immediately before execution of an important func-
tion forces a user to perform mandatory confirmation
operation for each time. In addition, since confirmation
operation is required many times, confirmation operation
itself is executed as part of a series of procedures in user’s
operation and confirmation becomes less effective. There-
fore, for example, when a user operates computer, the user
might almost mechanically select an icon of “Yes” in
response to a confirmation message and perform an important
operation even when the user does not want to perform.

In Patent Reference 3, an additional operation by a user is
not required. The degree of fatigue of a user is directly mea-
sured by biometric measurement, and then an interface is
modified to reduce the fatigue of the user. However, whether
or not designing interface so as to enlarge screen display of a
display device and the like can reduce operation errors them-
selves, and it is not possible to completely eliminate operation
errors.

As described above, techniques for preventing operation
errors have been proposed, but there have not been proposed
techniques for directly detecting an operation error of a user
and dealing with the detected error.

It is therefore an object of the present invention to directly
detect an operation error of an equipment made by a user and
avoid the generation of unintentional equipment operation.

Solution to the Problems

The present inventors have newly developed a method in
which a state of an operation error generated when a user
executes an unintentional operation is directly detected using
a biological signal, specifically, an event-related potential
which is measurable by electroencephalograph. Using a
result of detection of an operation error, a equipment response
is corrected, thereby markedly improving usability of the
equipment.

Herein, correction of the equipment response includes
executing an equipment operation only when an operation
error is not detected, canceling a last operation before detec-
tion of an operation error, notifying a user that an equipment
has recognized an operation error, estimating what input the
user really wanted to make when an operation error happened
and automatically correcting the operation error, and the like.

Specifically, according to the present invention, as opera-
tion error detection, a manipulation input of a user is received,
an event-related potential of electroencephalogram of a user
is measured and then, using the event-related potential at
around 300 ms after a timing of receiving the manipulation
input as a starting point, whether or not the manipulation
input is due to an operation error of the user is judged. There-
fore, an operation error of a user can be directly detected.

Moreover, an equipment according to the present inven-
tion, as an equipment for performing the above-described
operation error detection, includes an equipment operation
control section for determining an operation of the equipment
based on a result of operation error judgment. Thus, when an
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operation error of a user is detected, an equipment reaction is
modified, so that usability of the equipment is improved.

In the equipment of the present invention, when it is judged
that a manipulation input is due to an operation error, it is
preferable to stop sending the manipulation input to the
equipment operation control section. Thus, an irreversible
operation of the equipment which is to be generated due to an
operation error of a user can be automatically prevented
before happening, so that reliability of the equipment under
operation is increased.

In the equipment of the present invention, when it is judged
that a manipulation input is due to an operation error, it is
preferable that the equipment operation control section can-
cels an operation according to the manipulation input. Thus,
it is no longer necessary to force a user to perform a bothering
correction operation and user friendliness of the equipment is
largely improved.

In the equipment of the present invention, when it is judged
that a manipulation input is due to an operation error, it is
preferable that a correction operation is determined for the
manipulation input and the correction operation is sent to the
equipment operation control section. Thus, a user does not
have to perform correction for the operation error, so that user
friendliness is largely improved.

In the equipment of the present invention, when it is judged
that a manipulation input is due to an operation error, it is
preferable that the equipment operation control section noti-
fies a user that the operation error has been detected. Thus, it
is possible to feed back to the user that the equipment has
detected an operation error of the user, so that the user can
recognize whether or not the equipment has automatically
corrected the operation error, whether or not an instruction of
the user has been cancelled and the like.

An equipment according to the present invention, as an
equipment for performing the above-described operation
error detection, may include a storage section for storing a
manipulation input and an operation error judgment result.
Thus, more detail usability evaluation becomes possible.

Effects of the Invention

According to the present invention, an operation error of a
user can be directly detected based on an event-related poten-
tial of an electroencephalogram of a user. By application of
the detection to modification of an equipment reaction,
usability of an equipment is markedly improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of an
equipment including an operation error detection device
according to a first embodiment of the present invention.

FIG. 2 is flowchart showing an operation of the configura-
tion of FIG. 1.

FIG. 3 is a block diagram illustrating a configuration of an
equipment including an operation error detection device
according to a second embodiment of the present invention.

FIG. 4 is flowchart showing an operation of the configura-
tion of FIG. 3.

FIG. 5 is a block diagram illustrating a configuration
obtained by combination of the first embodiment and the
second embodiment.

FIG. 6 is a flowchart showing an operation of the configu-
ration of FIG. 5.

FIGS. 7(a) and 7(b) are conceptual diagram and table
showing timing for operation according to the flow of FIG. 6.
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FIG. 8 is a block diagram illustrating a configuration of an
equipment including an operation error detection device
according to a third embodiment of the present invention.

FIG. 9 is a table showing exemplary data stored in a cor-
rection answer estimation rule database.

FIG. 10 is a flowchart showing an operation of the configu-
ration of FIG. 8.

FIG.11is a block diagram illustrating a configuration of an
equipment including an operation error detection device
according to a fourth embodiment of the present invention.

FIG. 12 is a flowchart showing an operation of the configu-
ration of FIG. 11.

FIG. 13 is a table showing an example of results of oper-
ability evaluation by a known evaluation method.

FIG. 14 is a table showing an example of results of oper-
ability evaluation according to the fourth embodiment of the
present invention.

FIG. 15 is an illustration showing a brief procedure of an
experiment conducted by the present inventors.

FIG. 16 is a flowchart showing a procedure for one trial of
the experiment.

FI1G.17(a)is a graph obtained by summing up all operation
error signals of 6 subjects. FIG. 17(b) is a graph showing
experiment data obtained summing up operation errors of a
subject A.

FIG. 18 is a flowchart showing a specific example of meth-
ods for detecting an operation error signal.

FIG. 19(a) is a graph showing correlation coefficient for
each trial. FIG. 19(5) is a table showing a result of detection
of an operation error signal.

FIG. 20 is a flowchart showing another specific example of
methods for detecting an operation error signal.

EXPLANATION OF REFERENCE NUMERALS

1, 2, 3, 4 and 20 Equipment

30 Correction operation determination section
50 User

100, 200 Operation-error detection device

101 Input section

102 Biological signal detection section

103 Operation error judgment section

104 Equipment operation control section

105 Output section

10A Processing mode changing section

306 Correction operation estimation section
307 Correction answer estimation rule database
408 Evaluation result storage database (storage section)

BEST MODE FOR CARRYING OUT THE
INVENTION

First, how the present inventors have reached the present
invention will be described. Before that, to clearly show what
operation error is subjected according to the present inven-
tion, different cases where a user can not correctly operate an
equipment are assorted. There are two states where a user can
not correctly operate an equipment, i.e., A) a case where
although a user assumes a correct operation and is trying to
perform the correct operation, the user performs a wrong
manipulation and thus an unexpected result is obtained; and
B) a case where because a model of an operation which the
user thought of is not correct, an assumed manipulation is
performed in a right manner but an unexpected result is
obtained.

The above-described two cases are common in terms that
an equipment operation that a user does not expect is per-



US 7,509,162 B2

5

formed. However, when users’ thinking processes are com-
pared to one another, there is a big difference between the two
cases. In A), an operation error is made because of a problem
of handleability or a mistake made by a user in performing
operation. In B), as an operation model of an equipment that
a user thinks of is not correct, a correct manipulation for an
equipment operation is not assumed. Hereafter, to distinguish
the two cases, the A) type is referred to as an “operation error”
type. The case of B) is a “disappointment” type since an actual
tool operation is different from an equipment operation that a
user expects.

An object of the present invention is to directly measure an
operation error of the A) type and improve handleability of an
equipment based on detection of an operation error.

When a user performs an operation error, the user often
notices his’her own operation error, mumbling, “Oh no!” or “I
made a mistake!” The present inventors newly found that in
such a state, a signal which can be characteristically observed
by electroencephalograph is generated. If this signal is used,
direct detection of an operation error which has been conven-
tionally impossible can be performed. Use of this operation
error signal makes it possible to prevent a function that a user
does not intend from being executed in response to an opera-
tion error without requesting confirmation operation to the
user.

Next, it will be described that the above-described opera-
tion error signal can be detected.

First, an experiment for detecting an operation error, which
the present inventors have conducted under the assumption
that a user operates an equipment, will be described.

FIG. 15 is an illustration showing a brief procedure of the
experiment. This experiment is composed of sequential steps
of: providing an instruction to a subject (Step A); in response
to the instruction, allowing the subject to think about neces-
sary action and to manipulate an equipment (Step B); and
presenting an equipment operation to the subject as a result of
the subject’s manipulation (Step C).

First, an experiment executer explains to a subject “When
aletter ‘I’ or ‘R’is displayed in the screen, please click the left
button of a mouse for the letter ‘L’ or click the right button of
the mouse for the letter ‘R*.” Then, “L” or “R” is selected at
random at a probability of 50% and is displayed on the screen
(Step A). The subject looks at the displayed letter and clicks
the right or left button according to the directed rule (Step B).
In response to the subject’s manipulation, whether or not the
correct button has been clicked is displayed as “0” symbol
(indicating a correct answer) or “x” symbol (indicating an
incorrect answer) on the screen (Step C).

In this experiment, for example, if although “L” is dis-
played, the subject clicks the right button by mistake and
think “Oh no!”, this case is considered to be an operation error
state.

In this experiment, even when a correct button is clicked,
“x” is displayed at a probability of 20%. When “x” is dis-
played, the subject, who is expecting that “0” will be dis-
played because of correct clicking, might think “Why?”
Namely, the subject falls in a “disappointment” state in which
the equipment operates differently from his/her expectation.

FIG. 16 is a flowchart showing a procedure for one trial.
First, the letter “L” or “R” is selected at a probability of 50%
and is displayed on the screen (S501), the subject looks at the
screen, selects which button is to be clicked, and manipulates
the mouse (S502). The event-related potential in the electro-
encephalogram of the subject is measured from the timing, as
a starting point, when the mouse is clicked (S503). The elec-
troencephalogram 1is recorded continuously during the
experiment and data in a necessary interval can be selected
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and processed. As for the event-related potential, an interval
for which measurement has to be performed may be set to be
a range from the timing of the mouse click to around 1000 ms
after the mouse click. In response to the subject’s manipula-
tion, whether or not the mouse is correctly operated is judged
(S504). If it is judged that the mouse is correctly operated (No
in S504), right after the subject’s manipulation, “0” is dis-
played at a probability of 80% and “x” is displayed at a
probability of 20% (S505). Moreover, if it is judged that the
mouse is not correctly operated (Yes in S504), “x” is dis-
played at a probability of 100% (S506). Then, the event-
related potential measured (S503) from the timing, as a start-
ing point, when the mouse is manipulated is processed to
identify an operation error signal (S507).

Inthe experiment, to a plurality of subjects, a trial in which
“0” is to be displayed every time was carried out 30 times as
practice first, and then, the trial through the procedure shown
in FIG. 16 was carried out 100 times.

FIG. 17 shows the experiment results. F1IG. 17(a) is a graph
obtained by summing up all operation error signals of 6
subjects. FIG. 17() is a graph obtained by summing up
operation error signals of a subject A, who made the largest
number of operation errors in 15 trials among other subjects
than the 6 subjects. Each of the graphs of FIGS. 17(a) and
17(b) was obtained by averaging out potential waveforms
measured by an electroencephalograph. In each of FIGS.
17(a) and 17(b), the abscissa indicates the time (ms) which
has lapsed since a mouse click and the ordinate indicates
potential (V). Each of FIGS. 17(a) and 17(5) includes three
waveforms. A waveform L1 is a waveform obtained when an
“operation error” occurred, i.e., when although a correct
action was assumed, the correct action was not executed due
to an operation error and “x” was displayed. A waveform 1.2
is a waveform obtained when a “disappointment™ occurred,
i.e., when although a correct action was performed, “x” was
displayed and an assumed result was not obtained. The
“operation error” L1 and the “disappointment” [.2 indicate
quite different waveforms from each other even though both
were the cases where “x” was displayed. This implies that
those are results of different processes in the brain.

Note that four electrodes 1) Pz, 2) and 3) Al and A2, and 4)
body earth (Z) were attached to a median vertex; respective
ears, and a root of nose, respectively, according to the inter-
national 10-20 system. The sampling frequency was set to be
1000 Hz.

It is understood from each of FIGS. 17(a) and 17(b) that
when an operation error occurs, an event-related potential
having a different characteristic from that of a potential of a
normal course which appears around about 300 ms after a
mouse click. Namely it is expected that measurement of the
event-related potential leads to detection of a case where a
user has performed an operation error and though “Oh no!”

As shown in Minoru Shimokouchi, Draft guideline for
evoked potential measurement, 1997 revision, p. 14, it is
known that when subjects are tested using visual oddball
stimulus, a latency for P3 is about 400 ms, which is about 100
ms longer than a latency in the case where subjects are tested
using auditory odd ball stimulus, i.e., 300 ms. In a visual
oddball stimulus experiment which has been separately con-
ducted by the inventors, as a result of the experiment, a
latency for P3 was 450 ms. Compared to the above-described
cases, for a component of the event-related potential mea-
sured in the operation error detection experiment which
seems to be P3, a peak appears at a relatively early time point,
i.e.,, 300 ms. Accordingly, it is understood that the event-
related potential occurred not because “x” was displayed but



US 7,509,162 B2

7

because the user recognized that he/she has performed an
operation error immediately after his/her manipulation.

As has been clearly shown by the above-described experi-
ment, in the experiment conducted assuming user’s equip-
ment operation states, the event-related potential measured
by an electroencephalograph is clearly different between the
case where an operation error has occurred and the case where
an operation error has not occurred. Therefore, the event-
related potential can be used as a signal indicating an “opera-
tion error” in an interface of an equipment.

(Method for Detecting Operation Error Signal)

Next, a specific example of a method for detecting an
operation error signal will be described with reference to the
flowchart of FIG. 18. In this method, a standard waveform
(referred to as a target template) to which signals when an
operation error is performed are summed up and another
standard waveform (referred to as a control template) to
which signals in a normal state where an operation error is not
performed are summed up are generated in advance and these
templates are utilized for detection of the “operation error
signal.”

As shown in FIG. 18, first, potential variation in an elec-
troencephalogram is sampled (S601) from a timing, as a
starting point, when a mouse is clicked. The sampling fre-
quency may be 200 Hz, 500 Hz, 1000 Hz, or the like, for
example. Then, a waveform in a range relating to detection of
the “operation error signal” is cut out from the obtained
potential variation in the electroencephalogram (S602). From
the results of the above described experiment, it is known that
the “operation error signal” is detected at part around 300 ms
after manipulation input. Further, in a relatively earlier range
after the manipulation input, a waveform includes primary
response to auditory stimulation or visual stimulation, and
therefore, the part corresponding thereto is preferable to be
removed. As such, the range between 100 ms and 500 ms after
the manipulation input is cut out.

Of course, the cut out range is not limited thereto and may
be setin a range between 200 ms and 400 ms, between 100 ms
and 700 ms, or the like. Alternatively, a range within approxi-
mately 1 second after the manipulation input may be cut out
with no early limit set.

Next, noise is removed from the cut out waveform (S603).
Herein, high-frequency components mixed with the signal is
cut, the signal is allowed to pass through a low-pass filter of,
for example, 40 Hz, a waveform with an amplitude of 40 uV
or more is removed from an object to be identified for reduc-
ing influence of electrooculogram by a blink, or the like.

Subsequently, each correlation between the signal from
which noise is removed and the signal templates of the target
template and the control template is calculated (S604). This
correlation calculation calculates how the signal waveform
correlates with each template.

A distance between the signal waveform and each of the
templates is calculated (S605). For example, Mahalanobis
distance is employed for the distance calculation. This
Mabhalanobis distance indicates a distance from a gravity of a
group taking account of variance and covariance of data. With
the use of Maharanobis distance, judgment is performed as to
which template the signal waveform is nearer (S606). It is
known that the judgment utilizing Maharanobis distance
exhibits higher recognition ability than judgment according
to mere correlation magnitude.

When it is judged that the signal waveform is near the target
template (YES in S606), it is recognized that the operation
error signal is detected, namely, that the user thinks that
he/she performed an operation error (S607). On the other
hand, when it is judged that the signal waveform is near the
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control template (S608) not the target template, it is recog-
nized that the operation error signal is not detected, namely,
that the user thinks that an operation error was not detected
and the response as expected was obtained.

Employment of the method using such templates enables
detection of the operation error signal to some extent in an
electroencephalogram, of which waveform includes severe
variation, and accordingly, of which recognition from a single
waveform is considered to be difficult.

FIG. 19 is a table showing results of operation error signal
detection according to the procedure shown in FIG. 18 using
the aforementioned experiment data. In FIG. 19, only analy-
sis results for the target A for which an enough number of data
of operation errors were obtained are shown. FIG. 19(a)
shows a graph in which the abscissa indicates the correlation
coefficient with the control template (correct operation) and
the ordinate indicates the correlation with the target template
(operation error) and respective coordinates of waveforms are
plotted. In FIG. 19(a), “0” indicates a signal at a correct
operation and “x” indicates a signal at an operation error.

FIG. 19(b) is a table showing the number of operation
errors of the subject A and the number of times of correct
judgment. Thirteen operation error signals out of 15 operation
error signals were recognized, namely, almost 90% of data
was judged. In this manner, FIG. 19 shows that with the use of
the method of FIG. 18, operation error signals can be recog-
nized with quite high accuracy even though there are still
variations in signal waveform.

The signal templates of the target template and the control
template are used herein. However, only the target signal
template may be used. For example, Maharanobis distance
from the target signal template may be calculated and then
may be compared with a predetermined value to judge
whether or not an operation error has been performed.

As another alternative, instead of the use of the templates,
for example, the potential immediately after manipulation
input may be compared with the potential at about 300 ms
after the manipulation input to detect an operation error sig-
nal. As can be understood from FIG. 17, whether or not an
operation error has been performed, a potential related to
primary response to manipulation input appears immediately
after the manipulation input. Therefore, for example, differ-
ence between an average potential of time when an initial
component appears and an average potential of time (around
300 ms after input) when an “operation error signal” is
detected is threshold-processed to detect an operation error
signal.

Now, another specific example of a method for detecting an
operation error signal will be described with reference to the
flowchart of FIG. 20. In FIG. 20, each step also shown in FIG.
18 is identified by the same reference numeral and therefore
the description thereof will be omitted. Note that unlike the
method employing the templates, templates do not have to be
prepared in advance in this method.

As shown in FIG. 20, first, of potential variations in an
electroencephalogram measured from a timing when a mouse
is clicked as a starting point (S601), a waveform in the range
from O ms after manipulation input to around 300 ms when an
operation error signal is detected is cut out (S701).

Next, noise is removed from the cut out waveform (S603).
Then, an average potential of initial component which is
primary response relating to manipulation input and an aver-
age potential at around 300 ms when an “operation error
signal” appears are calculated (S702). For example, a time
when primary response appears and a time when an operation
error signal appears are set to be in a range from 0 ms to 100
ms after manipulation input and a range from 250 ms to 350
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ms after the manipulation input, respectively, and an average
value of sampling data measured in each of these time frames
is calculated as an average potential.

Next, the average potential of an initial component (e.g., 0
ms to 100 ms) is subtracted from the average potential of time
(e.g., 250 ms to 350 ms) when an operation error signal
appears to obtain a difference between the average potentials
and the difference is compared with a predetermined thresh-
old (S703). As shown in FIG. 17, an operation error signal is
a positive component and therefore it is assumed that the
difference between the average potentials when operation
error is performed is a positive value. In this case, a threshold
is set to be, for example, 10 uV and it is judged whether or not
the difference between the average potentials is larger than
the threshold.

When the difference between the average potentials is
larger than the threshold (Yes in S703), it is judged that a
positive component appears at around 300 ms after manipu-
lation input and it is recognized that an operation error signal
exists (S607). On the other hand, when the difference
between the average potentials is smaller than the threshold
(No in S703), it is judged that a positive component does not
appear at around 300 ms after manipulation input and it is
recognized that an operation error signal does not exist.

As a result of detection of operation error signals of the
subject A according to the procedure shown in FIG. 20, 12
operation error signals out of 15 operation errors were cor-
rectly recognized. Influences of noise on an event-related
potential at a low S/N ratio is reduced. This shows that an
operation error signal can be recognized with quite high accu-
racy and also by a method in which an average potential in a
certain period of time is calculated.

Although there is still some problem with accuracy, an
operation error can be detected by merely comparing a poten-
tial at a time of manipulation input with a potential at 300 ms
after the manipulation input when an operation error signal
appears.

The recognizing method is not limited to the above-de-
scribed two methods and some other method may be used. For
example, a local maximum or a local minimum may be used,
or it is possible that a maximum positive component in a
waveform is detected and the amplitude thereof is compared
in magnitude with a threshold value. Alternatively, an adap-
tive correlating filter may be used. It might be possible to
provide various additional improvements in the waveform
recognition method, and the recognition accuracy might be
increased by, for example, combination of a pattern recogni-
tion method and a pretreatment method for an electroen-
cephalogram signal.

As has been described, almost 90% of operation error
signals can be detected, without averaging data of trials, by a
method employing templates or a method in which compari-
son is performed for obtaining an average potential.

A firstaspect of the present invention provides an operation
error detection device including: an input section for receiv-
ing a manipulation input of a user; a biological signal detec-
tion section for measuring an event-related potential of elec-
troencephalogram of the user; and an operation error
judgment section for judging whether or not the manipulation
input is due to an operation error of the user using the event-
related potential at around 300 ms from a starting point when
the input section receives the manipulation input.

A second aspect of the present invention provides the
operation error detection device of the first aspect in which, if
a positive component appears in part of the event-related
potential located around 300 ms from the staring point, the
operation error judgment section judges that the manipulation
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input is due to an operation error and if a positive component
does not appear in the part, the operation error judgment
section judges that the manipulation input is not due to an
operation error.

A third aspect of the present invention provides the opera-
tion error detection device of the first aspect in which the
operation error judgment section performs judgment using a
signal template when an operation error occurs.

A fourth aspect of the present invention provides, as an
equipment including the operation error detection device of
the first aspect, an equipment including an equipment opera-
tion control section for determining an operation of the equip-
ment based on a result of judgment by the operation error
judgment section.

A fifth aspect of the present invention provides the equip-
ment of the fourth aspect in which the equipment operation
control section receives the manipulation input from the
operation error judgment section and determines an operation
according to the manipulation input, and when it is judged
that the manipulation input is due to an operation error, the
operation error judgment section stops sending the manipu-
lation input to the equipment operation control section.

A sixth aspect of the present invention provides the equip-
ment of the fourth aspect in which the equipment operation
control section receives the manipulation input from the input
section and determines an operation according to the manipu-
lation input, and when it is judged that the manipulation input
is due to an operation error, the operation error judgment
section instructs the equipment operation control section to
cancel the operation.

A seventh aspect of the present invention provides the
equipment of the fourth aspect which further includes a cor-
rection operation determination section for determining for
the manipulation input received by the input section a correc-
tion operation when the manipulation input is due to an opera-
tion error, and in which, when it is judged that the manipula-
tion input is due to an operation error, the operation error
judgment section instructs the correction operation determi-
nation section to determine a correction operation for the
manipulation input and send the correction operation to the
equipment operation control section.

An eighth aspect of the present invention provides the
equipment of the fourth aspect in which when it is judged that
the manipulation error is due to an operation error, the opera-
tion error judgment section instructs the equipment operation
control section to notify a user that an operation error has been
detected.

An ninth aspect of the present invention provides, as an
equipment including the operation error detection device of
the first aspect, an equipment including a storage section for
storing the manipulation input received by the input section
and a result of judgment by the operation error judgment
section.

A tenth aspect of the present invention provides an opera-
tion error detection method comprising the steps of: receiving
a manipulation input of a user; measuring an event-related
potential of electroencephalogram of the user; and judging
whether or not the manipulation input is due to an operation
error of the user using the event-related potential at around
300 ms from a starting point when the input section receives
the manipulation input.

An eleventh aspect of the present invention provides an
equipment evaluation method including: a first step of judg-
ing using the operation error detection method of claim 10
whether or not the manipulation input to an equipment is due
to an operation error; a second step of storing a result of the
judgment in the first step; and a third step of evaluating
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operability of the equipment based on the result of the judg-
ment stored in the second step.

Hereafter, embodiments of the present invention will be
described with reference to the accompanying drawings.

FIRST EMBODIMENT

According to a first embodiment of the present invention, a
biological signal of a user when the user manipulates an
equipment is measured and whether or not the user’s manipu-
lation is an operation error is judged using the biological
signal. An operation of the equipment is executed based on a
manipulation input only when it is judged that the user’s
manipulation was not an operation error. Specifically, before
an equipment operation is initiated, operation error judgment
is performed. Then, when it is confirmed that the user’s
manipulation is not an operation error, the equipment is oper-
ated. Thus, an “irreversible, important equipment operation”
which can not be reversed once the operation is executed or is
difficult to be reversed can be automatically prevented in
advance from being executed due to an operation error of the
user. As specific examples of irreversible, important equip-
ment operations are: “closing window without saving data”,
“overwrite saving”, “deleting/overwriting video data” and
the like.

FIG. 1 is a block diagram illustrating a configuration of an
equipment including an operation error detection device
according to this embodiment. In FIG. 1, an operation error
detection device 100 is provided in an equipment 1. However,
the operation error detection device 100 may be provided
separately from the equipment 1.

FIG. 1 is an operation error detection device 100 includes
an input section 101, a biological signal detection section 102
and an operation error judgment section 103. The input sec-
tion 101 receives a manipulation input to the equipment 1 of
a user 50. The biological signal detection section 102 detects
a biological signal of the user 50. The operation error judg-
ment section 103 judges from a timing, as a starting point,
when the input section 101 receives the operation output of
the user 50 whether or not the manipulation input is due to an
operation error of the user 50 based on the biological signal of
the user 50 detected by the biological signal detection section
102. An equipment operation control section 104 determines
anoperation of the equipment 1 based on a judgment result by
the operation error judgment section 103. An output section
105 outputs a response of the equipment 1 determined by the
equipment operation control section 104.

The input section 101 includes means, such as a keyboard,
a mouse, a remote control, a microphone and the like, for
receiving a request to the equipment 1.

The biological signal detection section 102 includes an
electroencephalograph and measures as a biological signal an
event-related potential in an electroencephalogram. Thus, the
user 50 has to be prepared for electroencephalogram mea-
surement, for example, by wearing an electroencephalogram
or the like. An optimal electrode placing position for measur-
ing electroencephalogram may be determined according to an
experiment or the like.

The operation error judgment section 103 detects, from the
electroencephalogram of the user 50 measured as a biological
signal by the biological signal detection section 102, whether
or not an operation error signal exists in a predetermined time
range after a manipulation input is received. This detection is
performed in the same manner as in the experiment method
described above. For example, part of measured electroen-
cephalogram in a range from a timing when the input section
101 receives a manipulation input to around 300 ms after the
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timing may be set as the predetermined time range. If a time
required for operation error judgment is only about 300 ms, it
is assumed that even though an equipment operation is waited
until operation error judgment is performed, not much dis-
comfort is given to the user S0 depending on a task. Moreover,
judgment on whether or not the manipulation input is due to
an operation error is preferably performed using a signal
template at a time of operation error. In such a case, because
a signal template unique to each user is created and used, a
recognition rate is improved and an operation error can be
detected with high accuracy. Accordingly, an equipment
operation can be controlled with high accuracy and user-
friendliness of the equipment is improved. As another option,
in the same manner as described above, whether or not a
positive component has appeared or not in part of an event-
related potential of electroencephalogram at around 300 ms
from a timing, as a stating point, when the input section 101
has received the manipulation input may be judged to recog-
nize whether or not the manipulation input is due to an opera-
tion error.

The equipment operation control section 104 determines a
subsequent operation of the equipment 1 based on informa-
tion from the operation error judgment section 103. Specifi-
cally, the equipment operation control section 104 receives,
from the operation error judgment section 103, the manipu-
lation input which the input section 101 has received and
determines an operation according to the manipulation input.
When it is judged that the manipulation input is not due to an
operation error, the operation error judgment section 103
sends the manipulation input received by the input section
101 as it is to the equipment operation control section 104.
When it is judged that an the manipulation input is due to an
operation error, the operation error judgment section 103
does not send the manipulation input received by the input
section 101 to the equipment operation control section 104.

The output section 105 includes means such as a display, a
speaker or the like for providing information to a user.

The operation of the equipment 1 and the operation error
detection device 100 according to this embodiment which
have been formed so as to have the above-described configu-
ration will be described using the flowchart of FIG. 2.

First, the input section 101 receives a manipulation input of
the user 50 (S101). At a timing of the manipulation input in
Step S101 as a starting point, the biological signal detection
section 102 starts electroencephalogram measurement for
obtaining an event-related potential as a biological signal of
the user 50. Note that the biological signal detection section
102 may perform measurement of electroencephalogram of
the user 50 at all the time and record data in a chronological
order.

The operation error judgment section 103 judges whether
or not the manipulation input in the Step S101 is due to an
operation error based on the biological signal measured in
Step S102 (S103). The judgment here is performed according
to whether or not the event-related potential within a prede-
termined time range starting from the manipulation input of
the user 50 as a starting point includes an operation error
signal. When it is judged that the manipulation input is not
due to an operation error (No in S103), according to an output
of the operation error judgment section 103, the equipment
operation control section 104 determines an equipment
operation based on the manipulation input in Step S101. On
the other hand, when it is judged that the manipulation input
is due to an operation error (Yes in S103), the operation error
judgment section 103 cancels the manipulation input and
does not output the manipulation input to the equipment
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operation control section 104. That is, the equipment 1 does
not perform an operation according to the manipulation input.

For example, when a user operating computer has per-
formed manipulation to “close” the window which the user
did not intend to close and thus did not yet save, the user
would think “Oh no!” immediately after an operation error. In
this case, if the computer has the same function as that of the
equipment 1 of this embodiment, it is judged from the bio-
logical signal of the user that the manipulation for “close” is
an operation error, and the operation of “close” can be
avoided.

As described above, according to this embodiment, an
irreversible operation of an equipment due to an operation
error of a user can be automatically prevented from being
executed.

As aknown technique for preventing an irreversible opera-
tion of an equipment due to an operation error from being
executed, there is a method in which a confirmation screen is
displayed to confirm a user’s intention as disclosed in Patent
Reference 1 and Patent Reference 2. In many cases, however,
a confirmation screen to be displayed includes the two com-
mon alternatives “Yes” and “No” and a user might carelessly
perform wrong manipulation for confirmation. Therefore,
using the technique of this embodiment also for confirmation
operation of a user, execution of an irreversible operation of
an equipment due to an operation error can be prevented in a
double manner.

Moreover, an irreversible, important operation of an equip-
ment may be specified and operation error judgment may be
performed to the specified operation of the equipment. For
example, a control system for an automobile or the like may
be configured so that operation error judgment is not per-
formed to an operation of reducing speed but performed only
to an operation of increasing speed. Thus, safer driving
becomes possible.

Needless to say, the above-described case in which an
operation error is not executed is merely an example and
various modifications can be made based on the intention of
this embodiment.

SECOND EMBODIMENT

According to a second embodiment of the present inven-
tion, a biological signal of a user when the user operates an
equipment is measured and whether or not manipulation of
the user is an operation error is judged based on the biological
signal. Then, when it is judged that the manipulation is an
operation error, an equipment operation being executed based
on a manipulation input is canceled. Specifically, operation
error judgment is performed after the equipment operation
according to the manipulation input and, when the manipu-
lation is judged to be an operation error, the equipment opera-
tion is canceled. Thus, there is no need to force the user to
perform bothering confirmation operation and correction
operation, so that user-friendliness of the equipment is
improved.

In the above-described first embodiment, it is first con-
firmed that manipulation of a user is not an operation error
and then the equipment is operated. Thus, even when correct
manipulation is performed, an operation of the equipment is
not started until a predetermined time required for operation
error judgment elapses. Accordingly, a slight time difference
between manipulation input and an equipment operation is
generated due to operation error judgment. In contrast,
according to this embodiment, an equipment operation is
started immediately after manipulation input and then opera-
tion error judgment is performed. Thus, a time difference
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between the manipulation input and the equipment operation
is not generated. Therefore, this embodiment is more effec-
tive for an equipment operation which does not cause any
trouble even though it is canceled. Specific examples of
equipment operations which can be canceled later are: “for-
warding/rewinding a video”, “turning up/down a volume”
and the like.

FIG. 3 is a block diagram illustrating a configuration of an
equipment including an operation error detection device
according to this embodiment. In FIG. 3, each member also
shown in FIG. 1 is identified by the same reference numeral
and therefore the detail description thereof will be omitted. As
in FIG. 1, it is assumed that an operation error detection
device 100 is provided in an equipment 2. However, the
operation error detection device 100 may be provided sepa-
rately from the equipment 2.

In the configuration of FIG. 3, a difference from the con-
figuration of FIG. 1 is that an input section 101 sends a
received manipulation input to both of an operation error
judgment section 103 and an equipment operation control
section 104. Specifically, the equipment operation control
section 104 receives a manipulation input from the input
section 101 and determines an operation according to the
manipulation input. When it is judged that the manipulation
input of the user 50 is due to an operation error, the operation
error judgment section 103 instructs the equipment operation
control section 104 to cancel the determined operation.

The operation of the equipment 2 and the operation error
detection device 100 which have been formed so as to have
the above-described configuration will be described using the
flowchart of FIG. 4.

First, the input section 101 receives a manipulation input of
the user 50 (S201). At a timing of the manipulation input in
Step S201 as a starting point, the biological signal detection
section 102 starts electroencephalogram measurement for
obtaining an event-related potential as a biological signal of
the user 50 (S202). Note that the biological signal detection
section 102 may perform measurement of electroencephalo-
gram of the user 50 at all the time and record data in a
chronological order.

The equipment operation control section 104 receives the
manipulation input in Step S201 from the input section 101
and determines an equipment operation according to the
manipulation input (S203). The output section 105 outputs
the determined equipment operation (S204). Thereafter, the
operation error judgment section 103 judges, based on the
biological signal measured in Step S202, whether or not the
manipulation input in Step S201 is due to an operation error
(S205). The judgment here is performed according to whether
or not the event-related potential within a predetermined time
range starting from the manipulation input of the user 50 as a
starting point includes an operation error signal. When it is
judged that the manipulation input is due to an operation error
(Yes in S205), the operation error judgment section 103
instructs the equipment operation control section 104 to can-
cel the operation and in response to the instruction, the equip-
ment operation control section 104 cancels the operation
determined in the Step S203 (S206). The output section 105
outputs so that a state of the equipment 2 returns a previous
state before receiving the manipulation input in S201. On the
other hand, when it is judged that the manipulation input is
not due to an operation error (No in S205), the output per-
formed in Step S204 is continuously performed.

For example, in the case of operating a video machine,
when a user wants to perform a “forward” or “rewind” opera-
tion and correctly presses an assumed “forward” or “rewind”
button, the video machine is operated as the user intended.
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However, when a user wants to perform a “forward” opera-
tion but presses the “rewind” button, the user notices his/her
operation error right after pressing the wrong button and
would think “Oh no!” In comparison to the above-described
experiment, L and R corresponds to the intended “forward”
and “rewind” operations, respectively, and the left and right
buttons of the mouse corresponds to the “forward” button and
the “rewind” button, respectively.

According to this embodiment, for example, in the case
where a user wants to “forward” a video in a reproduction
state and performs manipulation, when the user mistakenly
presses the “rewind” button and notices an operation error
immediately after the manipulation, the mistake can be
detected by an operation error signal. Thus, the equipment 2
can cancel an operation error, i.e., “rewind” and return the
video to the previous reproduction state. In the same manner,
the operation of increasing/reducing a volume can be can-
celed according to detection of an operation error.

As described above, according to this embodiment, an
equipment judges whether or not a manipulation input of a
user is due to an operation error. When it is judged that the
manipulation input is due to an operation error, an operation
according to the manipulation input is canceled and the
equipment is returned to a previous state before receiving the
manipulation input. Thus, the user is not forced to perform a
bothering correction operation and a smooth an equipment
operation is possible. Moreover, a time difference due to
operation error judgment is not generated between the
manipulation error and the equipment operation. Accord-
ingly, when the manipulation is correct, a highly responsive
operation is performed.

The above-described case in which an equipment opera-
tion is canceled is merely an example and various modifica-
tions can be made based on the intention of this embodiment
in which an operation error of a user is detected and an
equipment operation according to the operation error is can-
celed.

According to this embodiment, when the manipulation
input is due to an operation error, an equipment operation is
canceled. With or instead of this cancellation operation, it
may be notified to the user 50 itself that an operation error has
been detected. Specifically, when it is judged that the manipu-
lation input is due to an operation error, the operation error
judgment section 103 instructs the equipment operation con-
trol section 104 to notify the user 50 that the operation error
has been detected through a speaker or the like. Thus, it is
possible to make the user 50 recognize the operation error
again.

Moreover, it may be notified to some other user than the
user S0 that the operation error has been detected. For
example, when a user has mistakenly sent a mail, it is notified
to a receiver of the mail that the mail is sent due to an
operation error. Thus, people around the user can recognize
the operation error and can deal with the operation error.

Moreover, the degree of importance of a manipulation
input of a user may be judged. Then, according to the judged
degree of importance, the processing shown in the first
embodiment and the processing shown in the second embodi-
ment may be switched and executed. Specifically, as
described in the first embodiment, an irreversible equipment
operation may be executed after a result of operation error
judgment has been waited, so that an equipment operation can
be prevented from happening. On the other hand, as described
in the second embodiment, an equipment operation which can
be canceled layer may be executed without a time difference
and may be canceled after it is judged that the manipulation
input of the user is due to an operation error. Thus, the advan-
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tage of the first embodiment that an operation error of an
important equipment operation can be prevented from hap-
pening and the advantage of the second embodiment that an
operation error can be canceled with high operability can be
achieved.

FIG. 5 is a block diagram illustrating a configuration of an
equipment for switching processing according to a manipu-
lation input in the above-described manner. In FIG. 5, each
member also shown in FIG. 1 and FIG. 3 is identified by the
same reference numeral and therefore the description thereof
will be omitted.

In the configuration shown in FIG. 5, an operation error
detection device 200 includes a processing mode switching
section 10A as well as an input section 101, a biological
signal detection section 102 and an operation error judgment
section 103. The processing mode switching section 10A
receives a state of an equipment operation obtained from an
equipment operation control section 104 and a manipulation
input of a user from the input section 101, judges the degree
of importance of the manipulation input of the user according
to the state of the equipment operation and the manipulation
input and changes subsequent processing mode. For example,
in computer operation, the degree of importance of an “OK”
button to be selected in a pop-up screen for “Usage explana-
tion” is set to be low and the degree of importance of an “OK”
button to be selected at a screen of “Close window without
saving” is set to be high. In this manner, the degree of impor-
tance of operation is judged by setting the degree of impor-
tance of a subsequent manipulation input beforehand for each
state of operation of the equipment. When the degree of an
operation can be judged from a manipulation input of the user
50 (For example, when an operation of a “Decide” button is to
be judged to be important), the state of the equipment opera-
tion does not have to be obtained from the equipment opera-
tion control section 104.

The operation of the hard mask formation film 20 and the
operation error detection device 200 which have been formed
so0 as to have the configuration of FIG. 5 will be described
using the flowchart of FIG. 6. In FIG. 6, each step also shown
in FIG. 2 and FIG. 4 is identified by the same reference
numeral and therefore the description thereof will be omitted.

First, the input section 101 receives a manipulation input of
the user 50 (S201) and the biological signal detection section
102 obtains an event-related potential as a biological signal of
the user 50 (S202). In Step S901, the processing mode switch-
ing section 10A judges the degree of importance of the
manipulation input which has been received in Step S201
according to a state of an equipment operation obtained from
the equipment operation control section 104 and the like.

When it is judged that the manipulation input is important
(Yes in S901), the process proceeds to Step S103 and then the
same operation as the subsequent steps including S103 of the
first embodiment is performed. On the other hand, when it is
judged that the manipulation input is not important (No in
S901), the process proceeds to Step S203 and then the same
operation in the subsequent steps including S203 of the sec-
ond embodiment is performed.

FIGS. 7(a) and 7(b) are conceptual diagram and table
showing timing for operation according to the procedure
shown in FIG. 6. In FIG. 7(a), the degree of importance of the
manipulation input is judged at t=0. When it is judged that the
manipulation input is not important, at an operation timing (1)
(t=A), a corresponding operation is executed with substan-
tially no time difference. Note that in FIG. 7(a) and FIG. 7(b),
A indicates a predetermined time required for executing an
operation. Thereafter, when it is judged that the manipulation
input is due to an operation error, at an operation timing (2)
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(t=300+A where operation error judgment requires 300 ms),
the operation executed at the operation timing (1) is canceled.
On the other hand, when it is judged at t=0 that the manipu-
lation input is not due to an operation error, at the operation
timing (2), it is confirmed that the manipulation input is not
due to an operation error and then a corresponding operation
is executed. FIG. 7(b) shows the relationship between the
degree of importance of a manipulation input and each of an
equipment operation and timing of canceling operation.

As described above, the degree of importance of a manipu-
lation input of a user is judged and, based on a result of the
judgment, a processing method is changed. Thus, for
example, an unimportant operation such as “rewind” and the
like can be executed with no time difference. On the other
hand, execution of an irreversible, important equipment
operation such as “deleting/overwriting recorded video” and
the like can be waited until a result of operation error judg-
ment is obtained and then performed. Specifically, an irre-
versible equipment operation due to an operation error can be
canceled before happening by judging the degree of impor-
tance of the manipulation input, and an operation delay due to
an operation error judgment time can be eliminated by imme-
diately executing processing of an unimportant operation.
Therefore, a highly reliable equipment with high operability
can be achieved.

THIRD EMBODIMENT

According to a third embodiment of the present invention,
a biological signal of a user when the user operates an equip-
ment is measured and whether or not manipulation of the user
is an operation error is judged based on the biological signal.
Then, when it is judged that the manipulation is an operation
error, a correction operation is estimated and an equipment
operation of the operation error is corrected. Thus, the user
does not have to correct the operation error and user friend-
liness of the equipment is improved. An operation that the
user intended is not corrected even though it seems like an
operation error, and thus, as in a known technique, an auto-
matic correction that the user does not desire is not per-
formed.

FIG. 8 is a block diagram illustrating a configuration of an
equipment including an operation error detection device
according to this embodiment. In FIG. 8, each member also
shown in FIG. 1 is identified by the same reference numeral
and therefore the detail description thereof will be omitted. As
in FIG. 1, in FIG. 8, an operation error detection device 100 is
provided in an equipment 3. However, the operation error
detection device 100 may be provided separately from the
equipment 3.

In the configuration of FIG. 8, a difference from the con-
figuration of FIG. 3 is that a correction operation determina-
tion section 30 including a correction operation estimation
section 306 and a correction answer estimation rule database
307 is provided therein. The correction operation determina-
tion section 30 determines a correction operation for a
manipulation input received by aninput section 101 when itis
judged that the manipulation input is an operation error.
When it is judged that the manipulation input received by the
input section 101 is due to an operation error, the operation
error judgment section 103 instructs the correction operation
determination section 30 to determine a correction operation
for the manipulation input and send the correction operation
to the equipment operation control section 104.

FIG. 9 is a table showing exemplary data stored in the
correction answer estimation rule database 307. In this case,
the equipment 3 of FIG. 8 includes a word-processing func-
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tion. As shown in FIG. 9, for example, “about a”is stored as a
correction answer for a manipulation input “about a”. The
correction operation estimation section 306 receives an
instruction from the operation error judgment section 103,
refers the correction answer estimation rule database 307 and
estimates a correction operation to the manipulation input
received by the input section 101. Note that the contents of the
correction answer estimation rule database 307 may be
updated, based on an operation input received by the input
section 101 and a result of operation error judgment by the
operation error judgment section 103, according to the pattern
of typing errors made by a user.

The operation of the equipment 3 and the operation error
detection device 100 according to this embodiment which
have been formed so as to have the above-described configu-
ration will be described using the flowchart of FIG. 10.

First, the input section 101 receives a manipulation input of
the user 50 (S301). The biological signal detection section
102 starts electroencephalogram measurement at a timing of
an manipulation input in Step S301 as a starting point so as to
obtain an event-related potential as a biological signal of the
user 50 (S302). The biological signal detection section 102
may perform measurement of electroencephalogram of the
user 50 at all the time and record data in a chronological order.
The equipment operation control section 104 receives a
manipulation input in Step S301 from the input section 101
and determines an equipment operation according to the
manipulation input (S303). Then, the output section 105 out-
puts the determined equipment operation (S304). Thereafter,
the operation error judgment section 103 judges whether or
not the manipulation input in Step S301 is due to an operation
error based on the biological signal measured in Step S302
(S305). The judgment here is performed according to whether
or not the event-related potential within a predetermined time
range from the manipulation input of the user 50 as a starting
point includes an operation error signal. The above-described
operation till Step S305 is performed in the same manner as in
Steps S201 through S205 of FIG. 4 in the second embodi-
ment.

When it is judged that the manipulation input is due to an
operation error (Yes in S305), to execute correction for the
manipulation input received in Step S301, The correction
operation estimation section 306 estimates a correction
operation for the manipulation input based on the correction
answer estimation rule database 307 (S306). The estimated
correction operation is sent to the equipment operation con-
trol section 104. The equipment operation control section 104
determines an operation according to the correction operation
and corrects the equipment operation determined in Step
S303 (S307). The output section 105 outputs a correction
operation determined in Step S307. On the other hand, when
it is judged that the manipulation input is not due to an
operation error (No in S305), the output performed by the
output section 105 in Step S304 is continued.

For example, there already exists a system for correcting a
typing error made when performing keyboard input. In such a
system, however, in the case where a correction pattern shown
in FIG. 9 is given beforehand, even if a user intentionally
typed “hge”, “hge” is judged to be a typing error and auto-
matically corrected to “he”.

Inmany cases, if a user made a typing error, the user would
feel “Oh no!” immediately after he/she typed and notice even
before a result of the typing error is displayed in the screen.
Therefore, according to this embodiment, only an uninten-
tional input, i.e., a typing error due to an operation error can
be automatically corrected. Moreover, it is possible to specify
aplace of a typing error within a time period of about 300 ms



US 7,509,162 B2

19

in which operation error judgment is performed. Thus, unnec-
essary correction is not performed and the user can type as
he/she wants. Furthermore, a tying error due to an operation
error is automatically corrected, so that a correction operation
is not necessary and user friendliness of the equipment is
largely improved.

The above-described case of operation correction is merely
an example and various modifications can be made based on
the intention of this embodiment in which an operation error
of a user is detected and the operation error is corrected.

FOURTH EMBODIMENT

According to a fourth embodiment of the present invention,
a biological signal of a user when the user operates an equip-
ment is measured, whether or not manipulation of the user is
anoperation error is judged based on the biological signal and
operation input information and error operation judgment
result information are stored in database. Then, based on
stored data, operability evaluation for the equipment is per-
formed. In a known technique, when there is a mistake in
manipulation, it has been not possible to judge which the
mistake is due to an operation error or due to lack of under-
standing of how to manipulate the equipment. In contrast,
according to this embodiment, a mistake due to an operation
error, such as pressing a wrong button or the like can be
identify from various mistakes in manipulation, so that more
detail usability evaluation becomes possible.

FIG. 11 is a block diagram illustrating a configuration of an
equipment including an operation error detection device
according to this embodiment. In FIG. 11, each member also
shown in FIG. 1 is identified by the same reference numeral
and therefore the detail description thereof will be omitted. As
in FIG. 1, it is assumed that an operation error detection
device 100 is provided in an equipment 4. However, the
operation error detection device 100 may be provided sepa-
rately from the equipment 4.

In the configuration of FIG. 11, a difference from the
configuration of FIG. 3 is that an evaluation result storage
database 408 as a storage section for storing a manipulation
input received by an input section 101 and a result of judg-
ment by a operation error judgment section 103 is provided
therein. The evaluation result storage database 408 performs,
for each type of equipment operations performed by a user 50,
counting on whether or not the user 50 has performed an
operation error and storing the count. Moreover, in the con-
figuration of FIG. 11, an output operation to an equipment
operation control section 104 from an equipment operation
control section 104 are omitted. Note that the output opera-
tion does not have to be omitted.

The operation of the equipment 4 and the operation error
detection device 100 according to this embodiment which
have been formed so as to have the configuration of FIG. 11
will be described using the flowchart of FIG. 12.

First, the input section 101 receives a manipulation input of
the user 50 (S401). The biological signal detection section
102 starts electroencephalogram measurement at a timing of
an manipulation input in Step S401 as a starting point so as to
obtain an event-related potential as a biological signal of the
user 50 (S402). The biological signal detection section 102
may perform measurement of electroencephalogram of the
user 50 at all the time and record data in a chronological order.
The equipment operation control section 104 receives a
manipulation input in Step S401 from the input section 101
and determines an equipment operation according to the
manipulation input (S403). Then, the output section 105 out-
puts the determined equipment operation (S404). Thereafter,
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the operation error judgment section 103 judges whether or
not the manipulation input in Step S401 is due to an operation
error, based on the biological signal measured in Step S402
(S405). The judgment here is performed according to whether
or not the event-related potential within a predetermined time
range from the manipulation input of the user 50 as a starting
point includes an operation error signal. The above-described
operation till Step S405 is performed in the same manner as in
Steps S201 through S205 of FIG. 4 in the second embodi-
ment.

When it is judged that the manipulation input is not due to
an operation error (No in S405), the operation input in Step
S401 and the statement that the manipulation input is a correct
manipulation are stored in the evaluation result storage data-
base 408 (S406). On the other hand, when it is judged that the
manipulation input is due to an operation error (Yes in S405),
the operation input in S401 and the statement that the manipu-
lation input is an operation error are stored in the evaluation
result storage database 408 (S407).

Based on data stored in the evaluation result storage data-
base 408, evaluation of operability and the like of the equip-
ment 4 is performed.

The effectiveness of operability evaluation according to
this embodiment will be described with reference to FIG. 13
and FIG. 14. FIG. 13 is a table showing an example of results
of operability evaluation by a known method. FIG. 14 is a
table showing an example of results of operability evaluation
according to this embodiment.

For example, when operation evaluation is performed for
an operation button, in the known technique, as shown in FIG.
13, the operability can be evaluated only according to a per-
centage of mistake in manipulation for each button. In this
case, according to the evaluation result of FIG. 13, for each of
a button A and a button B, a manipulation mistake has
occurred at a probability of 20%, so that evaluations of the
button A and the button B are the same.

In contrast, according to this embodiment, as shown in
FIG. 14, not only the mere percentage of mistakes in manipu-
lation but a percentage of an operation error such as pressing
awrong button, e.g., the case where “auser pressed a different
button from a button which the user intended to press” can be
obtained. In such a case, according to an evaluation result
shown in FIG. 14, the operation error percentages for the
button A and the button B are 2% and 18%, respectively, are
very different from each other. Thus, in contrast to the known
method in which the same evaluation results are obtained for
the button A and the button B, it can be further recognized that
the reason why a mistake in manipulation of the button A
occurs is that a correct manipulation was not understood and
the reason why a mistake in manipulation of the button B
occurs is that it is difficult to press the button B even if a
correct manipulation was understood. That is, even similar
mistakes in manipulation can be distinguished between a
mistake due to lack of user’s understanding and a mistake due
to operability of an equipment. Thus, improvement strategies
can be determined for each means of an interface, such as a
button and the like.

As has been described, according to this embodiment,
operation error judgment is performed and a result of the
judgment is stored. Thus, accuracy of usability evaluation can
be improved.

Moreover, whether or not manipulation of a user is an
operation error and whether or not an operation error signal is
detected may be stored for each type of equipment operations
and evaluation of equipment usability may be performed for
each equipment operation, based on a result of the stored
information. Thus, usability evaluation of not entire equip-



US 7,509,162 B2

21

ment but each function of the equipment can be conducted by
a large number of users. Moreover, this embodiment can be
applied to evaluation of usability for each of user groups, such
as senior users and young users, having a certain attribute and
can be reflected to improvement of equipment design and the
new equipment design.

INDUSTRIAL APPLICABILITY

According to the present invention, an operation error of a
user can be directly detected. Therefore, the present invention
is useful in improving operability of an information terminal
and the like. Moreover, a state where an operation error
occurs is stored and the stored state can be used in evaluation
of operability of an equipment.

The invention claimed is:

1. An operation error detection device comprising:

an input section for receiving a manipulation input of a
user;

a biological signal detection section for measuring an
event-related potential of electroencephalogram of the
user; and

an operation error judgment section for judging whether or
not the manipulation input is due to an operation error of
the user using the event-related potential at around 300
ms from a starting point when the input section receives
the manipulation input,

wherein if a positive component appears in part of the
event-related potential located around 300 ms from the
starting point, the operation error judgment section
judges that the manipulation input is due to an operation
error and if a positive component does not appear in the
part, the operation error judgment section judges that the
manipulation input is not due to an operation error.

2. The operation error detection device of claim 1, wherein
the operation error judgment section performs judgment
using a signal template when an operation error occurs.

3. An equipment including the operation error detection
device of claim 1, the equipment comprising: an equipment
operation control section for determining an operation of the
equipment based on a result of judgment by the operation
error judgment section.

4. The equipment of claim 3, wherein the equipment opera-
tion control section receives the manipulation input from the
operation error judgment section and determines an operation
according to the manipulation input, and

when it is judged that the manipulation input is due to an
operation error, the operation error judgment section
stops sending the manipulation input to the equipment
operation control section.

5. The equipment of claim 3, wherein the equipment opera-
tion control section receives the manipulation input from the
input section and determines an operation according to the
manipulation input, and
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when it is judged that the manipulation input is due to an
operation error, the operation error judgment section
instructs the equipment operation control section to can-
cel the operation.

6. The equipment of claim 3, further comprising a correc-
tion operation determination section for determining for the
manipulation input received by the input section a correction
operation when the manipulation input is due to an operation
error,

wherein when it is judged that the manipulation input is due
to an operation error, the operation error judgment sec-
tion instructs the correction operation determination
section to determine a correction operation for the
manipulation input and send the correction operation to
the equipment operation control section.

7. The equipment of claim 3, wherein when it is judged that
the manipulation error is due to an operation error, the opera-
tion error judgment section instructs the equipment operation
control section to notify a user that an operation error has been
detected.

8. An equipment including the operation error detection
device of claim 1, comprising a storage section for storing the
manipulation input received by the input section and a result
of judgment by the operation error judgment section.

9. An operation error detection method comprising the
steps of:

receiving a manipulation input of a user;

measuring an event-related potential of electroencephalo-
gram of the user; and

judging whether or not the manipulation input is due to an
operation error of the user using the event-related poten-
tial at around 300 ms from a starting point when the input
section receives the manipulation input,

wherein at the judging step, if a positive component
appears in part of the event-related potential located
around 300 ms from the starting point, it is judged that
the manipulation input is due to an operation error and if
a positive component does not appear in the part, it is
judged that the manipulation input is not due to an opera-
tion error.

10. An equipment evaluation method comprising:

a first step of judging using the operation error detection
method of claim 9 whether or not the manipulation input
to an equipment is due to an operation error;

a second step of storing a result of the judgment in the first
step; and

a third step of evaluating operability of the equipment
based on the result of the judgment stored in the second
step.
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