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Description

[0001] The present invention relates to a stress-at-
work evaluating device and method, and more particu-
larly to a device for evaluating a stress of a subject at
work based on activities of a muscle, which are inde-
pendent of activities of right and left masseter muscles
for opening and closing a jaw of the subject.

[0002] A method using biological information, such as
an electromyogram (EMG) or brain wave, is known for a
general technique for measuring a mental burden
(stress) of a subject. The method using biological infor-
mation frequently imparts some restriction on a subject
in many cases and needs a relatively long recording time
to analyze the acquiring data. For thisreason, the method
cannot be used for evaluating a mental stress of a subject
ifa subjectis notin bed rest (forexample, JP 11-19075 A).
[0003] A person frequently suffers from a large mental
stress when he/she drives a vehicle (stress at work). A
level of the stress and a situation where the person suf-
fers from the stress vary from person to person. In a sit-
uation where vehicle ride is uncomfortable or controlla-
bility (steering performance) is poor, excessive strain is
apt to occur in the person. Such excess strain is likely to
hinder a smooth driving, possibly causing an accident.
[0004] In development and design for a vehicle etc.,
an electromyogram, which is easily measured and high
in readiness, is obtained from myoelectric signals indi-
cating activities of the muscles of parts of the human
body whose loads are large during driving, such as the
arms and the feet, and a mental stress of the subject at
driving is directly evaluated.

[0005] When a human being is strained and suffers
from a mental stress, an excessive strain as unintentional
muscle activity generally appears in the muscle. Accord-
ingly, such a mental stress can be measured by meas-
uring an activity of the muscle.

[0006] Activities of the arms and the feet, which are
largely engaged in work such as driving of a vehicle, are
measured in the form of an electromyogram (EMG),
movement of the muscles at work is measured, and a
stress of a human body is judged in conventional cases.
However, a method of objectively expressing a mental
burden (mental stress) at work on the basis of the EMG
has not been found yet.

[0007] Inthe EMG describing the activities of the mus-
cles at work such as the arm and the foot, a myoelectric
signal representing the muscle activities by work such
as driving of a vehicle and a myoelectric signal repre-
senting the "excessive muscle strain" by the stress are
superposed on each other. It is thus difficult to discrimi-
nate the muscle activity by driving from the muscle activity
by the mental stress.

[0008] The method using biological information other
than the EMG often imparts some restriction on a subject
and needs arelatively long recording time to analyze the
acquiring data. Therefore, it is difficult to correctly repro-
duce and evaluate a mental stress at work.
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[0009] In conventional development and design for a
vehicle etc., items relating to the mental burden (mental
stress), such as riding comfort and controllability (steer-
ing performance), are merely described in terms of driv-
er’s drive feeling that is subjectively expressed in words.
As aresult, itisimpossible to objectively judge the mental
stress.

[0010] J.A. Healey ("J.A. Healey: "Wearable and Au-
tomotive Systems for Affect Recognition from Physiolo-
gy, Ph. D. dissertation" May 2000 (2000-05), Massachu-
setts Institute of Technology, XP002318020) relates to
systems and algorithms being designed and built to rec-
ognize effective patterns in physiological signals ac-
quired from the masseter muscle. Healey discusses ex-
periments conducted for evaluation of new systems and
algorithms in three types of settings: a highly constrained
laboratory setting, a largely unconstrained ambulatory
environment and a less unconstrained automotive envi-
ronment.

[0011] US patent US4667513 discloses a device for
evaluating stress at work, comprising sensors for sensing
myoelectric potentials of the right and left muscles of the
subject, an external force level judging part, and an eval-
uating part for calculating normalised contraction inten-
sity by normalising the contraction intensity by the level
of the external force.

[0012] The present invention has been made in view
of the above, and has an object to provide a stress-at-
work evaluating device which particularly objectively
judges a mental stress of a driver when he/she engages
in work such as driving, by quantitatively measuring the
"excessive muscle strain" that is generated in the mas-
seter muscles for opening and closing the jaw of the sub-
ject as the result of the stress, and a stress-at-work eval-
uating method.

[0013] In order to attain the object described above,
the present invention provides a stress-at-work evaluat-
ing device according to claim 1. In an example, there is
described a stress-at-work evaluating device for evalu-
ating a stress of a subject at a work based on measure-
ment of activities of a muscle, which are independent of
activities of right and left masseter muscles for opening
and closing a jaw of the subject, the stress-at-work eval-
uating device comprising a sensor for sensing a myoe-
lectric potential of at least one of the right and left mas-
seter muscles, the potential being generated through the
activities of the masseter muscle at the work; an amplifier
for amplifying the myoelectric potential sensed by the
sensor; a myoelectric-potential data processing part for
processing time-series data of the amplified myoelectric
potential of the masseter muscle, to thereby calculate
intensity of the myoelectric potential of the masseter mus-
cle; an external-force level judging part for judging a level
of an external force acting on a head of the subject at the
work; and an evaluating part for evaluating a level of
stress of the subject at the work by using normalized
intensity of the myoelectric potential of the masseter mus-
cle by the external force level judged by the external-
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force level judging part.

[0014] Inanother example, there is described a stress-
at-work evaluating device for evaluating a stress of a sub-
ject at a work based on measurement of activities of a
muscle, which are independent of activities of the right
and left masseter muscles for opening and closing a jaw
of the subject, the stress-at-work evaluating device com-
prising sensors for sensing myoelectric potentials of the
right and left masseter muscles, the potentials being gen-
erated through the activities of the masseter muscles at
the work; an amplifier for amplifying the myoelectric po-
tentials of the right and left masseter muscles sensed by
the sensor;a myoelectric-potential data processing part
for processing time-series data of the amplified myoelec-
tric potentials of the right and left masseter muscles, to
thereby calculate a simultaneous contraction intensity of
the right and left masseter muscles from a simultaneous
contraction waveform of the right and left masseter mus-
cles generated from; and an evaluating part for evaluat-
ing a level of stress of the subject at the work by using
the calculated simultaneous contraction intensity.
[0015] In this case, the stress-at-work evaluating de-
vice preferably comprises the external-force level judging
part for judging a level of an external force acting on the
head of the subject at the work, wherein the evaluating
part calculates a simultaneous contraction intensity ob-
tained by normalizing the calculated simultaneous con-
traction by the level of the external force, and evaluates
the level of stress of the subject at the work by using the
normalized simultaneous contraction intensity.

[0016] Preferably, the external-force level judging part
judges the level of the external force acting on the head
of the subject by using intensity of a myoelectric potential
of a muscle acting for holding a posture of the head.
[0017] Preferably, the work causes a predetermined
object to behave by processing the object to allow the
resultant behavior to cause the external force acting on
the head of the subject, and the external-force level judg-
ing part judges the level of the external force acting on
the head by using a measured physical quantity repre-
senting the behavior of the object caused by the work.
[0018] As the work of the stress-at-work evaluating de-
vice of the present invention, steering operation done by
the subject is mentioned.

[0019] Preferably, the evaluating part evaluates alevel
of stress of the subject at the work by comparing the
normalized simultaneous contraction intensity with pre-
determined values.

[0020] Also, the present invention provides a stress-
at-work evaluating method for evaluating a stress of a
subject at a work based on measurement of activities of
a muscle, which are independent of activities of right and
left masseter muscles for opening and closing a jaw of
the subject, the stress-at-work evaluating method com-
prising a myoelectric potential measurement step of
sensing and amplifying a myoelectric potential of at least
one ofrightand leftmasseter muscles, the potential being
generated through the activities of the masseter muscle
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at the work; a processing step of processing time-series
data of the measured myoelectric potential of the mas-
seter muscle and calculating intensity information on the
myoelectric potential of the masseter muscle; a judging
step of judging a level of an external force acting on a
head of the subject at the work; and an evaluating step
of evaluating a level of stress of the subject at the work
by using intensity on the myoelectric potential obtained
by normalizing the intensity of the myoelectric potential
of the masseter muscle by the external force level judged
by the external-force level judging part.

[0021] In an example, there is described a stress-at-
work evaluating method for evaluating a stress of a sub-
ject at an work based on measurement of activities of a
muscle, which are independent of activities of right and
left masseter muscles for opening and closing a jaw of
the subject, the stress-at-work evaluating method com-
prising a measurement step of sensing and amplifying
myoelectric potentials of the right and left masseter mus-
cles, the potentials being generated through the activities
of the masseter muscles at work; a processing step of
processing time-series data of the amplified myoelectric
potentials of the right and left masseter muscles thus
measured and calculating a simultaneous contraction in-
tensity of the right and left masseter muscles from a si-
multaneous contraction waveform of the masseter mus-
cles; and an evaluating step of evaluating a level of stress
of the subject at the work by using the simultaneous con-
traction intensity.

[0022] According to the present invention, the stress
of a subject at objective work can be evaluated based on
activities of a muscle, which are independent of the ac-
tivities of the right and left masseter muscles for opening
and closing the jaw of the subject, from myoelectric po-
tentials of the masseter muscles when the subject is do-
ing the work.

[0023] Therefore, according to the present invention,
a mental stress of a subject at steering operation can be
objectively evaluated by quantitatively expressing items
appearing as a mental stress, such as riding comfort and
controllability (steering performance), in the subject
when the subject steers a vehicle.

[0024] This application claims priority on Japanese
patent application No. 2003-325043 published as JP
2005087486.

[0025] In the accompanying drawings:

Fig. 1 is a diagram, in block and schematic form,
showing a steering stress evaluating device 10,
which is an embodiment of the present invention;
Fig. 2 is a diagram for explaining how to attach a
sensor unit 12 of the steering stress evaluating de-
vice 10 shown in Fig. 1 to a driver;

Figs. 3A and 3B are graphs showing a relationship
between an external force laterally applied to the
head of a subject and myoelectric potential intensity
of the sternocleidomastoids;

Fig. 4 is a diagram, in block and schematic form,
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showing a steering stress evaluating device 10 of a
first embodiment of the present invention;

Fig. 5is a flow chart for explaining a firstembodiment
of a method for evaluating a mental stress of a driver
at steering, which is performed by using the steering
stress evaluating device 10;

Fig. 6 is a diagram, in block and schematic form,
showing a steering stress evaluating device 10 of a
second embodiment of the present invention;

Fig. 7 is a flow chart for explaining a second embod-
iment of a method for evaluating a stress of a driver
at steering, which is carried out by using the steering
stress evaluating device 10;

Fig. 8 is a diagram, in block and schematic form,
showing a steering stress evaluating device 10 of a
third embodiment of the present invention;

Fig. 9 is a flow chart for explaining a third embodi-
ment of a method for evaluating a mental stress dur-
ing steering of a vehicle, which is performed by using
the steering stress evaluating device 10;

Fig. 10 is a schematic diagram showing a traveling
path along which the vehicle runs in stress compar-
ison tests conducted for each vehicle characteristic
when a driver steers the vehicle;

Figs. 11A and 11B are graphs showing values of
normalized myoelectric potential intensities ob-
tained when a driver D1 steers vehicles having dif-
ferent vehicle characteristics in predetermined sub-
sections;

Figs. 12A and 12B are graphs showing values of
normalized myoelectric potential intensitiess ob-
tained when a driver D2 steers vehicles having dif-
ferent vehicle characteristics in predetermined sub-
sections;

Figs. 13A and 13B are graphs showing sensory val-
ues of steering stability and response sharpness ob-
tained when the driver D1 steers vehicles having dif-
ferent vehicle characteristics in predetermined sub-
sections; and

Figs. 14A and 14B are graphs showing sensory val-
ues of steering stability and response sharpness
steering stability obtained when the driver D2 steers
vehicles having different vehicle characteristics in
the predetermined subsections.

[0026] A preferred stress-at-work evaluating device
and a stress-at-work evaluating method, which are be-
lieved to be the best modes of the present invention, will
be described with reference to the accompanying draw-
ings.

[0027] Fig. 1isadiagram, in block and schematic form,
showing a steering stress evaluating device 10 (referred
to as an evaluating device 10) in which a stress-at-work
evaluating device of the present invention is applied to
steering operation done by a driver as a subject.

[0028] The evaluating device 10 evaluates a mental
stress of a driver for driving a vehicle when he/she steers
the vehicle. The evaluating device is made up of a sensor
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unit 12 for detecting a time-series myoelectric potential
of one or both of the right and left masseter muscles of
the driver, an amplifier 16 for amplifying the myoelectric
potential detected by the sensor unit 12, and a processor
unit 20 for evaluating the mental stress of the driver when
he/she steers the vehicle by using the time-series data
of the amplified myoelectric potential of the masseter
muscle, and a level of an external force acting on the
head of the driver.

[0029] When an external force is applied to the head
of a worker (subject) who is doing an objective work, the
muscles of the worker contract for supporting his head
to hold his posture. The level of the external force corre-
spondstoalevel ofaforce to hold a posture of the worker.
The level can be judged by using a myoelectric potential
of the head supporting muscle, which is generated at this
time.

[0030] In the objective work, for example, a steering
operation of a vehicle, an subject operates to cause an
object to behave. When this behavior causes an external
force to be applied to the head of the worker at the ob-
jective work, a level of the external force can be judged
by using a physical quantity featuring the behavior of the
object (e.g., vehicle) (evaluation for the level of the ex-
ternal force will be described in detail later.).

[0031] The sensor unit 12 contains a sensor for detect-
ing a myoelectric potential of one or both of the right and
left masseter muscles of the driver. Fig. 2 is a diagram
for explaining how to attach the sensor unit 12 to a driver.
The sensor unit 12 includes a couple of electrodes 12a
and 12b, which are attached while being spaced away
from each other by about 5mm, and an earth electrode
12c for a reference potential. As shown in Fig. 2, the
electrodes 12a and 12b are stuck to a skin of an upper
part of a masseter muscle X (enclosed by a broken line)
of afaceF. The earth electrode 12cis stuck to an earlobe.
Those sensors 12a, 12b, and 12c may be Ag/AgCl dish-
like electrodes, Ag electrodes, or stainless electrodes.
[0032] Before the electrodes of those detecting sen-
sors are stuck onto the skin surface of the driver, each
electrodeis scrubbed with a suitable means, and cleaned
by using alcohol, and then are attached to the skin sur-
face by using electrode paste. In this case, the cleaning
operation is continued until electric resistance of each
electrode is reduced to 30 kQ (preferably 5 kQ). The
paired electrodes are attached onto a venter of the mus-
cle such that those electrodes are arranged in parallel
with the muscular fiber.

[0033] The electrode 12c is an earth electrode to be
attached to an earlobe of the driver, which is an electri-
cally inactive position, in order to hold a potential of the
driver constant. Use of the earth electrode ensures an
exact measurement carried out by the potential detecting
sensors 12a and 12b. In Fig. 2, the sensor unit 12 is stuck
so0 as to measure a myoelectric potential of the right mas-
seter muscle. When a myoelectric potential of the left
masseter muscle is measured, the sensor unit is struck
as in the right masseter case.
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[0034] The earth electrode 12c connected to the am-
plifier 16 is earthed through the amplifier 16. The amplifier
16 is a known amplifier for amplifying a myoelectric po-
tential detected by the sensor unit 12.

[0035] The masseter muscles are large muscles locat-
ed on the sides of the face, and the muscles and the
temporalis are both called mastication muscles. The
masseter muscles act to close the jaw of the subject, for
example, to masticate and speak. Accordingly, the mas-
seter muscles do not act during driving work, which is
normally done using the muscles of the arms and the
feet. When a stress is placed on the subject, the subject
unconsciously performs "teeth clenching" as the result
of stress generation. Accordingly, the masseter muscles
actively act. The evaluating device 10 evaluates a level
of mental stress of the driver by measuring a myoelectric
potential of the masseter muscle and evaluating a "teeth
clenching" intensity of the driver.

[0036] The processor unit 20 contains a myoelectric-
potential data processing part 22, an external-force level
judging part 24, a normalizing part 26, an evaluating part
28, a CPU 30, a memory 32, and a monitor 34. The myo-
electric-potential data processing part 22 processes, as
designed, time-series data of the myoelectric potential
of the masseter muscle output from the amplifier 16 to
thereby generate a waveform (referred to as a myoelec-
tric potential waveform), smoothly shaped, of the myoe-
lectric potential of the masseter muscle. Then, the myo-
electric-potential data processing part 22 calculates from
the myoelectric potential waveform a myoelectric poten-
tial intensity (the myoelectric potential intensity will be
described in detail later) as intensity information on the
myoelectric potential of the masseter muscle in a prede-
termined time region. The external-force level judging
part 24 evaluates a level of an external force acting on
the head of the subject during the objective work, from
external force physical quantity data, which is data indi-
cating a level of an external force acting on the head of
a worker already separately measured. The normalizing
part 26 normalizes the myoelectric potential intensity cal-
culated in the myoelectric-potential data processing part
22 by using the external force level judged by the exter-
nal-force level judging part 24. The evaluating part 28
evaluates a level of stress at work by using the normal-
ized myoelectric potential intensity. The CPU 30 controls
and manages operations of the respective parts. The
memory 32 stores data obtained in the respective parts
and calculation results. The monitor 34 outputs the
processing results output from the related parts and the
evaluation results. The external force physical quantity
will subsequently be described in detail.

[0037] The processor unit 20 may be realized by a
hardware arrangement in which the respective parts of
the unit are circuitries so designed as to have related
functions, or a software arrangement configured to ex-
ercise the functions of the related parts by programs on
a computer.

[0038] In afirst embodiment of a method of evaluating
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a mental stress of a driver when he/she steers a vehicle,
which will be described later, the myoelectric-potential
data processing part 22 samples the time-series data of
a myoelectric potential of one of the right and left mas-
seter muscles during the objective work, performs full-
wave rectification on the sampled data, smoothes the
rectified one to thereby generate a myoelectric potential
waveform, and finally calculates a myoelectric potential
intensity from this myoelectric potential waveform in a
predetermined time region for output.

[0039] The "myoelectric potential intensity in a prede-
termined time region" means, for example, a root mean
square (RMS) (effective value) of the myoelectric poten-
tialwaveform, and an integrated electromyogram (IEMG)
thereof, which are calculated in a predetermined time
region.

[0040] In a second embodiment of the stress evaluat-
ing method, which will also be described later, the myo-
electric-potential data processing part samples the time-
series data of myoelectric potentials of both the right and
left masseter muscles during the objective work, per-
forms full-wave rectification on both the sampled data,
smoothes the rectified ones to thereby generate smooth
myoelectric potential waveforms, calculates a simultane-
ous contraction waveformin a predetermined time region
from the myoelectric potential waveforms of those mas-
seter muscles, and finally calculates a simultaneous con-
traction intensity from the simultaneous contraction
waveform.

[0041] The term "simultaneous contraction waveform"
is a waveform obtained by calculating a geometric aver-
age of the myoelectric potentials of the right and left mas-
seter muscles at the same time point or a waveform gen-
erated by selecting a myoelectric potential which is the
smaller in value of the myoelectric potentials of the right
and left masseter muscles at the same time point.
[0042] The external-force level judging part 24 judges
a level of an external force applied to the head of the
driver during the driving work.

[0043] The judgment of the external force level will be
described below. In a process of judging the external
force level, the external-force level judging part performs
full-wave rectification on time-series data of an acceler-
ation having a lateral direction with respect to the vehicle
(the acceleration will be referred to as a lateral acceler-
ation, and corresponds to an input external force physical
quantity (which will be discussed in detail later)). Then,
the external-force level judging part smoothes the recti-
fied one to form a smooth waveform (referred to as an
external force physical quantity waveform) representing
the external force physical quantity (lateral acceleration).
The external-force level judging part, thereafter, calcu-
lates an external force physical quantity, which is an RMS
value (or an integrated value) of the external force phys-
ical quantity waveform in a predetermined time region,
and sets the external force physical quantity as a level
of the external force.

[0044] The lateral acceleration as the external force



9 EP 1 516 586 B1 10

physical quantity is measured by a sensor and an ampli-
fier (not shown) fixed to a console of the vehicle, and
acquired data is input to the external-force level judging
part 24.

[0045] If a vehicle moves during driving, or in a state
where a driver sits on a seat of the vehicle, a driver's
body receives a force from the vehicle through the seat
and moves together with the vehicle.

[0046] During driving, the head of the driver is held at
substantially fixed position and angle with respect to the
driver’s body by a plurality of muscles (temporalis, ster-
nocleidomastoids, trapezius and masseter muscles, and
the like). When the driver turns the steering wheel to
change a behavior of the vehicle, the driver receives an
acceleration at his head. At this time, those muscles con-
tract and relax in directions to hold a relative position of
the head to the body, that is, the muscles act for holding
the posture, so that the head holds its position while re-
sisting an external force.

[0047] The "external force physical quantity" is a phys-
ical quantity that enables one toindirectly estimate alevel
of an external force applied to the head. In this embodi-
ment, for the external force physical quantity, the follow-
ing quantities may be enumerated: a physical quantity
featuring a motion of the vehicle, a physical quantity fea-
turing a motion of the driver’s body, a physical quantity
featuring a motion of the driver’s head, and an activity
intensity of the muscles of the driver that act to hold the
posture of the head. The acceleration that is lateral with
respect to the vehicle is involved in the external force
physical quantity.

[0048] Figs. 3A and 3B are graphs showing myoelec-
tric potential intensity (RMS values) of the sternocleido-
mastoids of a subject wearing a helmet when forces are
laterally applied to the helmet for a predetermined time.
In other words, Fig. 3A is a graph showing activities of
the right and left sternocleidomastoids when a force is
applied to the right side of a subject, that is, it is applied
to the subject in such a direction as to turn his neck to
the right. Fig. 3B is a graph showing activities of the right
and left sternocleidomastoids when a force is applied to
the left side of a subject, that is, it is applied to the subject
in such a direction as to turn his neck to the left.

[0049] As seen from Figs. 3A and 3B, as the external
force is larger, the myoelectric potential intensity of the
muscle located on the opposite side to the side to which
the head is bent, more increases. This fact indicates that
the sternocleidomastoid located on the side opposite to
the side to which the head is bent contracts so as to stop
the bending of the head, that is, the sternocleidomastoid
acts to hold the posture of the head while resisting the
external force. From this fact, it is confirmed that a myo-
electric potential intensity of the sternocleidomastoid, in
particular a myoelectric potential intensity of the sterno-
cleidomastoid located on the opposite side as viewed in
the direction of the force applied to the head corresponds
to the external force acting on the helmet. Therefore, the
myoelectric potential intensity is the external force phys-
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ical quantity. The present invention can describe a mag-
nitude of the external force acting on the head by using
the myoelectric potential intensity of the muscles acting
to hold the posture of the head.

[0050] Inthepresentinvention,the externalforce phys-
ical quantity may be any physical quantity if it enables
one to estimate a level of the external force applied to
the head. For the external force physical quantity, a yaw
angle value of the vehicle and a slip angle value, which
feature the vehicle motion are additionally enumerated.
A steering torque generated when the steering wheel of
the vehicle is turned, and a steering operation load as
the product of the steering torque and a steering angular
velocity are further enumerated for the external force
physical quantity. Time-series data of the myoelectric po-
tentials of the masseter muscles, temporalises, sterno-
cleidomastoids and trapezius, and the like, which are the
muscles acting for holding the posture of the head of the
driver during driving, are also enumerated.

[0051] A physical quantity representative of a motion
of the driver’'s head, which is obtained by directly meas-
uring a motion of the driver's head by, for example, a
motion capture, is also enumerated for the external force
physical quantity. There is no special limitation on the
external force physical quantity and the judging means
for judging the external force level.

[0052] The normalizing part 26 normalizes a myoelec-
tric potential intensity in a predetermined time region that
is output from the myoelectric-potential data processing
part 22 by, for example, dividing the same by an external
force physical quantity intensity in the same time region
as that set when the myoelectric potential intensity is cal-
culated, which is output from the external-force level
judging part 24, and outputs the normalized myoelectric
potential intensity to the evaluating part 28.

[0053] The evaluating part 28 evaluates a level of
stress placed on a worker at work by, for example, com-
paring a value of the normalized myoelectric potential
intensity with set values of respective stages previously
set for stagewise evaluation on levels of stress of the
worker at work.

[0054] The evaluation result thus obtained, together
with the myoelectric potential waveforms and the myoe-
lectric potential intensity, is sent to the monitor 34 for
display.

[0055] A stress-at-work evaluating method carried out
in the thus arranged evaluating device 10 will be de-
scribed in detail by using a method for evaluating stress
levels during steering, which is one form of the stress-at-
work evaluating method.

[0056] Fig.4isadiagram,inblock and schematicform,
showing a steering stress evaluating device 10 of a first
embodiment of the presentinvention. Fig. 5 is a flow chart
for explaining a first embodiment of a method for evalu-
ating a stress of a driver at steering, which is carried out
by using the steering stress evaluating device 10.
[0057] Inthe first embodiment of the stress-at-steering
evaluating method, time-series myoelectric potential da-
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ta of the right and left masseter muscles of the driving
during steering are acquired by measurement, and a
myoelectric potential intensity in a predetermined time
region when the vehicle runs is obtained. Also in the eval-
uating method, time-series lateral acceleration of the ve-
hicle as the external force physical quantity is measured,
and an external force physical quantity intensity in a pre-
determined time region when the vehicle runs is ob-
tained. The first embodiment of the stress-at-steering
stress evaluating method normalizes a myoelectric po-
tential intensity in the predetermined time region by di-
viding the same by the external force physical quantity
in the predetermined time region, and evaluates a stress
of the driver when he/she steers the vehicle.

[0058] In the first embodiment of the stress-at-work
evaluating method described above, as shown in Figs.
4 and 5, the sensor unit 12 is stuck to a driver as a subject
as shown in Figs. 1 and 2, the driver starts to drive and
steers the vehicle, and a myoelectric potential of one of
the right and left masseter muscles of the driver is con-
stantly measured (step S100).

[0059] In the myoelectric potential measurement, the
sensor unit 12 acquires a myoelectric potential of the
masseter muscle at steering, and amplifies it by the am-
plifier 16, and time-series data of the myoelectric poten-
tial is output to the myoelectric-potential data processing
part 22 of the processor unit 20.

[0060] The myoelectric-potential data processing part
22 rectifies and smoothes the time-series data of the
myoelectric potential of the masseter muscle that is ob-
tained to thereby generate a myoelectric potential wave-
form. Then, the myoelectric-potential data processing
part calculates a myoelectric potential intensity in a pre-
determined time region corresponding to a predeter-
mined running section, from the myoelectric potential
waveform (step S102).

[0061] Specifically, the time-series data of the myoe-
lectric potential of the masseter muscle that is measured
by the sensor unit 12 and amplified by the amplifier 16,
is rectified to form a signal waveform whose values are
all equal to or higher than 0, and the signal waveform is
smoothed by a filtering process of a low-pass filter to
provide a smooth myoelectric potential waveform con-
taining a little noise. The myoelectric-potential data
processing part 22, thereafter, calculates an RMS value
(effective value), as a myoelectric potential intensity, of
a myoelectric potential waveform in a given time region
corresponding to a running section, from the myoelectric
potential waveform.

[0062] During driving, time-series data of a lateral ac-
celeration as the external force physical quantity is meas-
ured (step S104).

[0063] The lateral acceleration of the vehicle is meas-
ured by an acceleration pickup attached to a console of
the vehicle, and recorded by a recorder mounted on the
vehicle, such as data logger.

[0064] To measure a myoelectric potential of the mus-
cle used for holding the posture of the driver, the sensor

10

15

20

25

30

35

40

45

50

55

unit 12 and the amplifier 16 shown in Fig. 2, which are
used when the myoelectric potential of the masseter
muscle are measured, are used. Then the electrodes 12a
and 12b of the sensor unit 12 are stuck to a surface of a
skin covering the muscle to be measured, and a myoe-
lectric potential is measured and recorded by a recorder
mounted on the vehicle, such as a logger.

[0065] Then, the time-series data of the measured ex-
ternal force physical quantity is supplied to the external-
force level judging part 24 of the evaluating device 10,
and a level of an external force is measured in the exter-
nal-force level judging part 24.

[0066] Specifically, the time-series data of the lateral
acceleration as the measured external force physical
quantity, like the time-series data of the myoelectric po-
tential already stated, is rectified and smoothed to gen-
erate an external force physical quantity waveform. An
RMS value (effective value), serving as the external force
physical quantity intensity, of the external force physical
quantity waveform in a predetermined time region is cal-
culated, and the resultant is set as an external force level
(step S106).

[0067] Next, the normalizing part 26 normalizes the
myoelectric potential intensity in the predetermined time
region which is obtained in step S102 by using the ex-
ternal force physical quantity intensity (external force lev-
el) in the predetermined region which is obtained in step
S106, and the normalized myoelectric potential intensity
is output to the evaluating part 28 (step S108). The eval-
uating part 28 compares the normalized myoelectric po-
tential intensity with set values of respective stages pre-
viously set for stagewise evaluation on levels of stress
of the driver at steering to thereby evaluate a level of
stress of the driver at steering, and the evaluation result
is sent to the monitor 34 (step S110).

[0068] The first embodiment of the stress-at-steering
evaluating method according to the present invention is
as described above.

[0069] The masseter muscles of the driver act also to
hold the posture of the driver against an external force
acting on the driver’s head. Accordingly, myoelectric po-
tentials of the masseter muscles measured contain the
myoelectric potential resulting from the activity of the
muscles for holding the posture. In the first embodiment
of the present invention, the myoelectric potential inten-
sity normalized by the external force level (external force
physical quantity intensity) is used. Therefore, the myo-
electric potential intensity of the masseter muscle, which
is generated as the result of the "teeth clenching" due to
the stress, can be evaluated under less influence of the
activities of the masseter muscles in holding the posture.
[0070] During the "teeth clenching" due to the stress,
the right and left masseter muscles concurrently act.
Therefore, when a stress is placed on the driver, the myo-
electric potentials of both masseter muscles increase. In
the activities of the masseter muscles for holding the pos-
ture, the right and left masseter muscles independently
act. Accordingly, only the myoelectric potential of one of
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the right and left masseter muscles increases as illus-
trated by the sternocleidomastoid in Figs. 3A and 3B. For
this reason, the myoelectric potential intensity of the mas-
seter muscle, which is generated as the result of the
"teeth clenching" due to the stress, can be evaluated un-
der less influence of the activities of the masseter mus-
cles in holding the posture.

[0071] A second embodiment of a method for evaluat-
ing a stress of a driver during driving will be described.
Fig. 6 is adiagram, in block and schematic form, showing
a steering stress evaluating device 10 of the second em-
bodiment of the present invention. Fig. 7 is a flow chart
for explaining a second embodiment of a method for eval-
uating a stress of a driver at steering, which is carried
out by using the steering stress evaluating device 10. In
the second embodiment of the stress-at-steering evalu-
ating method, time-series data of the myoelectric poten-
tials of the right and left masseter muscles of the driver
as he/she steers the vehicle are measured, and a simul-
taneous contraction intensity in a predetermined time re-
gion at steering is obtained, and a stress placed on the
driver at steering is evaluated by using the simultaneous
contraction intensity.

[0072] In the second embodiment of the stress-at-
steering evaluating method, as shown in Figs. 6 and 7,
as in the first embodiment, the sensor unit 12 is attached
to the driver as a subject. In this state, the driver starts
driving and steering of a vehicle, a myoelectric potential
of one of the right and left masseter muscles of the driver
is constantly measured, and time-series data of the myo-
electric potential of the masseter muscle when the driver
steers the vehicle is acquired by the sensor units 12 (step
S200).

[0073] In this myoelectric potential measurement, the
sensor unit 12 acquires a myoelectric potential of the
right and left masseter muscles generated when the driv-
er steers the vehicle, the amplifier 16 amplifies the myo-
electric potential, and time-series data of the myoelectric
potentials of the right and left masseter muscles are out-
put to the myoelectric-potential data processing part 22
of the processor unit 20.

[0074] The myoelectric-potential data processing part
22 rectifies and smoothes the time-series data of the
myoelectric potentials of the right and left masseter mus-
cles to generate myoelectric potential waveforms. The
myoelectric-potential data processing part 22 then cal-
culates from the myoelectric potential waveforms a ge-
ometric average of the myoelectric potentials of the right
and left masseter muscles at the same time point to gen-
erate a simultaneous contraction waveform, and calcu-
lates a simultaneous contraction intensity as an RMS val-
ue of the simultaneous contraction waveform at a fixed
time interval. (step S202).

[0075] In the presentinvention, the simultaneous con-
traction intensity in a predetermined time region may be
calculated in such a manner that, by using a waveform,
which is generated by selecting the smaller of the two
values of the myoelectric potentials of the right and left
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masseter muscles at the same time point, for the simul-
taneous contraction waveform, an RMS value of the si-
multaneous contraction waveform generated is calculat-
ed. A specific example of the method of generating the
simultaneous contraction waveform and calculating the
simultaneous contraction intensity is described in Japa-
nese Patent Application No. 2002-212683, filed by the
applicant of the present patent application. In this patent
application, a synchronous contraction waveform (simul-
taneous contraction waveform) based on the right and
left deltoid muscles of a subject is generated, and a com-
fort at work felt by worker is evaluated based on intensity
information (simultaneous contraction intensity) of the
synchronous contraction waveform calculated from the
same waveform. Also in the present invention, the myo-
electric potentials of the masseter muscles may be proc-
essed in a manner similar to the processing of the myo-
electric potentials of the deltoid muscles in the invention
of the above patent application.

[0076] In the second embodiment, the calculated si-
multaneous contraction intensity is output to the evalu-
ating part 28 without undergoing any processing in the
normalizing part 26. In the evaluating part, it is compared
with set values of respective stages previously set for
stagewise evaluation on levels of stress of the driver at
steering to thereby evaluate a level of stress of the driver
at steering (step S204).

[0077] The second embodiment of the present inven-
tion can evaluate intensities of myoelectric potentials
generated when both the right and left masseter muscles
simultaneously act as the result of the "teeth clenching"
of the driver, by using the simultaneous contraction in-
tensity. Therefore, it is possible to evaluate a stress of
the driver at work under less influence of the activities of
the muscles for holding the posture, without normalizing
the external force acting on the head by the external force
level, as in the first embodiment.

[0078] However, the intensity information on the myo-
electric potentials generated when the right and left mus-
cles independently act are not perfectly removed from
the simultaneous contraction intensity. Accordingly, to
more accurately obtain the myoelectric potential intensity
caused by the "teeth clenching" resulting from the stress,
itis preferable to normalize the simultaneous contraction
intensity by the external force level.

[0079] A stress of the subject can be evaluated more
accurately by normalizing the simultaneous contraction
intensity by a level of the external force acting on the
head. A stress-at-steering evaluating method based on
such atechnique will be described as a third embodiment
ofthe presentinvention. Such a stress evaluating method
according to the third embodiment will be described here-
under.

[0080] Fig.8isadiagram,inblock and schematicform,
showing a steering stress evaluating device 10 of the
third embodiment of the present invention. Fig. 9is a flow
chart for explaining the third embodiment of a method for
evaluating a mental stress during steering of a vehicle,
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which is performed by using the evaluating device 10.
[0081] First, a driver drives a vehicle, as in step S200
in the second embodiment. Time-series myoelectric po-
tential data of the right and left masseter muscles of a
driver who is driving the vehicle are measured (step
S300). As in step S202 in the second embodiment, a
simultaneous contraction intensity of the right and left
masseter muscles is calculated from the time-series
myoelectric potential data of the right and left masseter
muscles (step S302).

[0082] During driving, time-series data of an external
force physical quantity is measured (step S304) in the
same manner as in step S104 of the first embodiment,
and a level of an external force is set based on the time-
series data (step S306) as in step S106 of the first em-
bodiment. Subsequently, in the normalizing part 26, the
simultaneous contraction intensity calculated in step
S302 is divided by the external force level set in step
S306 to be normalized (step S308). A stress of the driver
at work is evaluated by using the normalized simultane-
ous contraction intensity (step S310) as in step S204 of
the second embodiment. In this way, the influence of the
external force when the subject is doing work is further
removed, and in this condition, myoelectric potentials of
the masseter muscle of the subject caused by the stress
can be evaluated. Hence, the stress of the subject can
be evaluated more precisely.

[0083] The data processing method in each of the first,
second, and third embodiments of the invention may be
modified as follows. A first normalizing process is carried
out as follows. In the process, waveforms obtained by
rectifying time-series data of the measured myoelectric
potentials are normalized by using a maximum myoelec-
tric potential that is previously measured and retained by
recording to thereby compute indices. A normalized myo-
electric potential waveform obtained by the first normal-
izing process is generated. A stress of the subjectis eval-
uated using the normalized myoelectric potential wave-
form as a myoelectric potential waveform.

[0084] The influence of electric resistance of the elec-
trodes 12a and 12b, which varies every time the sensor
unit 12 is stuck to the subject, is lessened by normalizing
the time-series data of the myoelectric potential by using
the maximum myoelectric potential (first normalizing
process). When the electrodes 12a and 12b are stuck
plural times, to evaluate the stress of the subject more
precisely, it is preferable to use the normalized myoelec-
tric potential waveform as the myoelectric potential wave-
form.

[0085] In the first, second, and third embodiments of
the invention, a myoelectric potential intensity or a simul-
taneous contraction intensity in a predetermined time re-
gion is calculated from time-series myoelectric potential
data of one or both of the right and left masseter muscles.
[0086] Inthe presentinvention, a myoelectric potential
intensity or a simultaneous contraction intensity may be
calculated in a time region obtained by removing, from a
given time region, a time region where the subject does
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desired work involving the masseter muscles independ-
ently of the objective work, such as mastication or con-
versation, by recognizing the desired work involving the
masseter muscles independently of the objective work
from motion picture data that is obtained by photograph-
ing the desired work involving the masseter muscles in-
dependently of the objective work or voice data recording
the conversation during the work.

[0087] In a case where, in the myoelectric potential
measurement, the subject may do desired work involving
the masseter muscles independently of the objective
work, such as mastication or conversation, a stress
placed on the subject during the objective work can be
highly precisely evaluated by calculating a myoelectric
potential intensity or a simultaneous contraction intensity
in a time region which excludes a time region where the
subject does desired work involving the masseter mus-
cles independently of the objective work such as masti-
cation or conversation. [Example]

[0088] Comparison tests were conducted by using the
steering stress evaluating device 10 according to the
present invention. In the tests, stress evaluations were
performed as follows. The stress-at-driving evaluating
method of the first embodiment of the present invention
was used for the evaluation. Vehicles having different
vehicle characteristics were used. Stress of a driver was
measured for each vehicle characteristic when he/she
steers the vehicles. The test results will be presented
below.

[0089] Fig. 10 schematically illustrates a vehicle
traveling path in this example. To evaluate the stress, in
this example, alane change section was divided into four
subsections of approaching (l4), steering-start (1,), turn-
ing (I5), and corrective steering (l4). Each driver as a sub-
ject was instructed to drive the vehicle along the traveling
path at constant speed.

[0090] Five vehicles S1 to S5 having different vehicle
characteristics were used. Differences in the kind of tires
mounted and in the combination of the kind of tires that
were mounted on the front wheels and the rear wheels
accounted for the difference in the vehicle characteris-
tics.

[0091] In this example, two drivers D1 and D2 each
drove the five vehicles having different specifications five
times along the traveling path shown in Fig. 10. Time-
series myoelectric potential data of the masseter muscles
and time-series data of lateral acceleration as external
force physical quantity data were measured for each ve-
hicle running. A myoelectric potential intensity and an
external force physical quantity intensity were calculated
from the time-series myoelectric potential data and time-
series data of lateral acceleration, which were obtained
by the measurement, and were normalized by dividing
the myoelectric potential intensity by the external force
physical quantity intensity.

[0092] Figs. 11A and 11A are graphs showing values
of normalized myoelectric potential intensities obtained
when the driver D1 steers the vehicles having vehicle
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characteristics defined by specifications S1 to S5 in the
subsections|,and l5. The graph of Fig. 11Aandthe graph
of Fig. 11B show the values of the normalized myoelectric
potential intensities for the subsection I, and the subsec-
tion I, respectively.

[0093] Figs. 12A and 12B are graphs showing values
of normalized myoelectric potential intensities obtained
when a driver D2 steers vehicles having vehicle charac-
teristics defined by specifications S1 to S5 in the subsec-
tions |, and I3, respectively. The graph of Fig. 12A and
the graph of Fig. 12B show the values of the normalized
myoelectric potential intensities for the subsection I, and
the subsection |, respectively.

[0094] In the subsections I, and I3, the driver steers
the steering wheel to actively change an advancing di-
rection of the vehicle. In those subsections, the steering
operation is difficult and a stress of the driver is large as
compared with those in the subsections I, and I, where
the vehicle travels straight ahead.

[0095] As seen from Figs. 11A and 11B and 12A and
12B, the normalized myoelectric potential intensity val-
ues obtained when the driver steers the vehicle of the
specifications S4 and S5 are larger than those when
he/she drives the vehicles of other specifications. This is
true for both a case where the steering wheel is turned
to the right (subsection |,) and a case where it is turned
to the left (subsection |3). From this fact, it is judged that
a large stress is placed on the driver who drives the ve-
hicles of the specifications S4 and S5.

[0096] Samples of sensory values of the drivers as
subjects are presented as comparison examples.
[0097] Figs. 13A and 14A are graphs showing sensory
values of maneuvering stability (steering stability) ob-
tained when a driver drives vehicles having the respec-
tive vehicle characteristics in the subsections |, to I,.
From the graphs, both the drivers D1 and D2 answered
that the maneuvering stability (steering stability) was the
lowest with the vehicle of the specification S4. The result
coincides with the results shown in Figs. 11A and 11B
and 12A and 12B that the drivers suffer from large stress
when they drive the vehicle of the specification S4.
[0098] Figs. 13B and 14B are graphs showing sensory
values of vehicle response sharpness obtained when the
driver drives vehicles having the respective specifica-
tions. From the graphs, both the drivers D1 and D2 an-
swered that the response sharpness was the lowest with
the vehicle of the specification S5. The result coincides
with the results shown in Figs. 11Aand 11B and 12A and
12B that the drivers suffer from large stress when they
drive the vehicle of the specification S5.

[0099] From the test results described above, it is un-
derstood that a level of stress of the driver during steering
ofavehicle is properly evaluated by using the myoelectric
potential intensity obtained by normalizing the myoelec-
tric potential intensity of the masseter muscle at vehicle
steering by an external force physical quantity intensity.
[0100] In the example described above, a stress
placed on the driver when he/she drives the vehicle was
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described. However, the objective work for which a level
of the stress is evaluated is not limited to driving of a
vehicle, but it may be any work involving activities of mus-
cles other than the masseter muscle.

[0101] While the stress-at-work evaluating device and
the stress-at-work evaluating method have been de-
scribed in detail, it should be understood that the present
inventionis notlimited to the above examples, but various
improvements and modifications may be made.

Claims

1. A stress-at-work evaluating device(10) for evaluat-
ing a stress of a subject at a work based on meas-
urement of activities of a muscle, which are inde-
pendent of activities of the right and left masseter
muscles for opening and closing a jaw of the subject,
said stress-at-work evaluating device comprising:

sensors (12) for sensing myoelectric potentials
of the right and left masseter muscles, said po-
tentials being generated through the activities
of the masseter muscles at the work;

an amplifier(16) for amplifying the myoelectric
potentials of said rightand left masseter muscles
sensed by said sensor;

amyoelectric-potential data processing part(22)
for processing time-series data of said amplified
myoelectric potentials of said right and left mas-
seter muscles, to thereby calculate a simultane-
ous contraction intensity of said right and left
masseter muscles from a simultaneous contrac-
tion waveform of said right and left masseter
muscles;

an external-force level judging part(24) for judg-
ing a level of an external force acting on the head
of said subject at the work; and

an evaluating part(28) for calculating a normal-
ized simultaneous contraction intensity ob-
tained by normalizing said calculated simulta-
neous contraction intensity by the level of the
external force, and evaluating a level of stress
of said subject at the work by using said normal-
ized simultaneous contraction intensity.

2. The stress-at-work evaluating device(10) according
to claim 1, wherein said external-force level judging
part (24) is adapted to judge the level of the external
force acting on the head of said subject by using
intensity of a myoelectric potential of a muscle acting
for holding a posture of the head.

3. The stress-at-work evaluating device(10) according
to claim 1 or 2, wherein the work causes a predeter-
mined object to behave by processing said object to
allow the resultant behavior to cause the external
force acting on the head of said subject, and said
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external-force level judging part(24) is adapted to
judge the level of the external force acting on the
head by using a measured physical quantity repre-
senting said behavior of said object caused by said
work.

The stress-at-work evaluating device(10) according
to claim 1, wherein the work causes a predetermined
object to behave by processing said object to allow
the resultant behavior to cause the external force
acting on the head of said subject, and said external-
force level judging part (24) is adapted to judge the
level of the external force acting on the head by using
ameasured physical quantity obtained by measuring
said behavior of said object caused by said work.

The stress-at-work evaluating device(10) according
to anyone of claims 1 to 4, wherein said work is a
steering operation done by said subject.

The stress-at-work evaluating device(10) according
to anyone of claims 1 to 5, wherein said evaluating
part (18) is adapted to evaluate a level of stress of
said subject at the work by comparing the normalized
simultaneous contraction intensity with predeter-
mined values.

The stress-at-work evaluating device (10) according
to any one of claims 1 to 6, wherein the myoelectric-
potential data processing part (22) is adapted to ob-
tain the simultaneous contraction waveform of said
right and left masseter muscles by selecting a small-
erone of said amplified myoelectric potentials of said
right and left masseter muscles, or by calculating a
geometric average of said amplified myoelectric po-
tentials.

A stress-at-work evaluating method for evaluating a
stress of a subject at a work based on measurement
of activities of a muscle, which are independent of
activities of right and left masseter muscles for open-
ing and closing a jaw of the subject, said stress-at-
work evaluating method comprising:

a myoelectric potential measurement step of
sensing and amplifying a myoelectric potential
of atleast one of right and left masseter muscles,
said potential being generated through the ac-
tivities of the masseter muscle at the work;
aprocessing step of processing time-series data
of said measured myoelectric potential of said
masseter muscle and calculating intensity infor-
mation on said myoelectric potential of said mas-
seter muscle;

a judging step of judging a level of an external
force acting on ahead of the subject at said work;
and

an evaluating step of evaluating a level of stress
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of said subject at work by using a normalized
intensity on said myoelectric potential obtained
by normalizing said intensity information on said
myoelectric potential of said masseter muscle
by the level of the external force judged by said
judging step.

The stress-at-work evaluating method according to
claim 8, wherein said judging step judges the level
of the external force acting on the head of said sub-
ject by using intensity of a myoelectric potential of a
muscle acting for holding a posture of the head.

The stress-at-work evaluating method according to
claim 8 or 9, wherein the work causes a predeter-
mined object to behave by operating said object, to
thereby allow the resultant behavior to cause the ex-
ternal force acting on the head of said subject, and
said judging step judges the level of the external
force acting on the head by using a measured phys-
ical quantity representing said behavior of said object
caused by the work.

The stress-at-work evaluating method according to
claim 8, wherein the work causes a predetermined
object to behave by operating said object, to thereby
allow the resultant behavior to cause the external
force acting on the head of said subject, and said
judging step judges the level of the external force
acting on the head by using a measured physical
quantity obtained by measuring said behavior of said
object caused by said work.

The stress-at-work evaluating method according to
anyone of claims 8 to 11, wherein the work is a steer-
ing operation done by said subject.

The stress-at-work evaluating method according to
anyone of claims 8 to 12, wherein said evaluating
step evaluates the level of stress of said subject at
the work by comparing the normalized intensity of
the myoelectric potential of the masseter muscle with
predetermined values.

The stress-at-work evaluating method according to
anyone of claims 8 to 12, wherein

said myoelectric potential measurement step senses
and amplifies myoelectric potentials of the right and
left masseter muscles, said potentials being gener-
ated through the activities of the masseter muscles
at work;

said processing step processes time-series data of
said amplified myoelectric potentials of said rightand
left masseter muscles thus measured and calculates
as the intensity information a simultaneous contrac-
tion intensity of said right and left masseter muscles
from a simultaneous contraction waveform of said
masseter muscles; and
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said evaluating step calculates a normalized simul-
taneous contraction intensity by normalizing said
calculated simultaneous contraction intensity by the
level of the external force, and evaluates a level of
stress of said subject at the work by using said nor-
malized simultaneous contraction intensity.

The stress-at-work evaluating method according to
claim 14, wherein said evaluating step evaluates a
level of stress of said subject at the work by compar-
ing the normalized simultaneous contraction inten-
sity with predetermined values.

The stress-at-work evaluating method according to
claim 14 or 15, wherein the simultaneous contraction
waveform of said right and left masseter muscles is
obtained by selecting a smaller one of said myoe-
lectric potentials of said right and left masseter mus-
cles, or by calculating a geometric average of said
myoelectric potentials.

Patentanspriiche

1.

Arbeitsbelastungs-Bewertungsvorrichtung (10) zum
Bewerten einer Belastung eines Subjekts bei einer
Arbeit auf der Grundlage von Messung von Aktivita-
ten eines Muskels, die unabhdngig von Aktivitaten
des rechten und linken Kaumuskels zum Offnen und
SchlieBen eines Kiefers des Subjekts sind, wobei
die Arbeitsbelastungs-Bewertungsvorrichtung auf-
weist:

Sensoren (12) zum Erfassen myoelektrischer
Potenziale des rechten und linken Kaumuskels,
wobei die Potenziale durch die Aktivitdten der
Kaumuskeln bei der Arbeit erzeugt werden;
einen Verstarker (16) zum Verstarken der durch
den Sensor erfassten myoelektrischen Poten-
ziale des rechten und linken Kaumuskels;

ein Verarbeitungsteil (22) flir myoelektrische
Potenzialdaten zum Verarbeiten von Zeitreihen-
daten der verstarkten myoelektrischen Poten-
ziale des rechten und linken Kaumuskels, um
dadurch eine gleichzeitige Kontraktionsintensi-
tat des rechten und linken Kaumuskels anhand
einer gleichzeitigen Kontraktionswellenform
des rechten und linken Kaumuskels zu berech-
nen;

ein Beurteilungsteil (24) fur AuBenkraftpegel
zum Beurteilen eines Pegels einer auf den Kopf
des Subjekts bei der Arbeit wirkenden Aulen-
kraft; und

ein Bewertungsteil (28) zum Berechnen einer
normierten gleichzeitigen Kontraktionsintensi-
tat, die durch Normieren der berechneten
gleichzeitigen Kontraktionsintensitat durch den
Pegel der AulRenkraft erhalten wird, und Bewer-
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ten eines Belastungspegels des Subjekts bei
der Arbeit mit Hilfe der normierten gleichzeitigen
Kontraktionsintensitat.

Arbeitsbelastungs-Bewertungsvorrichtung (10)
nach Anspruch 1, wobei das Beurteilungsteil (24) fur
AuBenkraftpegel geeignet ist, den Pegel der aufden
Kopf des Subjekts wirkenden AuRenkraft mit Hilfe
der Intensitat eines myoelektrischen Potenzials ei-
nes Muskels zu beurteilen, der zum Beibehalten ei-
ner Haltung des Kopfes wirkt.

Arbeitsbelastungs-Bewertungsvorrichtung (10)
nach Anspruch 1 oder 2, wobei die Arbeit bewirkt,
dass ein vorbestimmtes Objekt ein Verhalten zeigt,
indem das Objekt so bearbeitet wird, dass das re-
sultierende Verhalten die auf den Kopf des Subjekts
wirkende AuRenkraft verursachenkann, und das Be-
urteilungsteil (24) fir AuRenkraftpegel geeignet ist,
den Pegel der auf den Kopf wirkenden Au3enkraft
mit Hilfe einer gemessenen physikalischen GréRe
zu beurteilen, die das durch die Arbeit bewirkte Ver-
halten des Objekts darstellt.

Arbeitsbelastungs-Bewertungsvorrichtung (10)
nach Anspruch 1, wobei die Arbeit bewirkt, dass ein
vorbestimmtes Objekt ein Verhalten zeigt, indem
das Objekt so bearbeitet wird, dass das resultieren-
de Verhalten die auf den Kopf des Subjekts wirkende
Auenkraft verursachen kann, und das Beurtei-
lungsteil (24) fir AuRBenkraftpegel geeignet ist, den
Pegel der auf den Kopf wirkenden Auenkraft mit
Hilfe einer gemessenen physikalischen GréRe zu
beurteilen, die durch Messen des durch die Arbeit
bewirkten Verhaltens des Objekts erhalten wird.

Arbeitsbelastungs-Bewertungsvorrichtung (10)
nach einem der Anspriiche 1 bis 4, wobei die Arbeit
eine durch das Subjekt vorgenommene Lenkbetati-
gung ist.

Arbeitsbelastungs-Bewertungsvorrichtung (10)
nach einem der Anspriiche 1 bis 5, wobei das Be-
wertungsteil (18) geeignet ist, einen Belastungspe-
gel des Subjekts bei der Arbeit durch Vergleichen
der normierten gleichzeitigen Kontraktionsintensitat
mit vorbestimmten Werten zu bewerten.

Arbeitsbelastungs-Bewertungsvorrichtung (10)
nach einem der Anspriiche 1 bis 6, wobei das Ver-
arbeitungsteil (22) fir myoelektrische Potenzialda-
ten geeignet ist, die gleichzeitige Kontraktionswel-
lenform des rechten und linken Kaumuskels zu er-
halten, indem es ein kleineres der verstarkten myo-
elektrischen Potenziale des rechten und linken Kau-
muskels auswahlt oder indem es ein geometrisches
Mittel der verstarkten myoelektrischen Potenziale
berechnet.
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Arbeitsbelastungs-Bewertungsverfahren zum Be-
werten einer Belastung eines Subjekts bei einer Ar-
beit auf der Grundlage von Messung von Aktivitaten
eines Muskels, die unabhangig von Aktivitaten des
rechten und linken Kaumuskels zum Offnen und
SchlieBen eines Kiefers des Subjekts sind, wobei
das Arbeitsbelastungs-Bewertungsverfahren auf-
weist:

einen Messschritt flir myoelektrische Potenziale
des Erfassens und Verstarkens eines myoelek-
trischen Potenzials des rechten und/oder linken
Kaumuskels, wobei das Potenzial durch die Ak-
tivitaten des Kaumuskels bei der Arbeit erzeugt
wird;

einen Verarbeitungsschritt des Verarbeitens
von Zeitreihendaten des gemessenen myoelek-
trischen Potenzials des Kaumuskels und Be-
rechnens von Intensitatsinformationen tiber das
myoelektrische Potenzial des Kaumuskels;
einen Beurteilungsschritt des Beurteilens eines
Pegels einer auf einen Kopf des Subjekts bei
der Arbeit wirkenden Auenkraft; und

einen Bewertungsschritt des Bewertens eines
Belastungspegels des Subjekts bei der Arbeit
mit Hilfe einer normierten Intensitét des myo-
elektrischen Potenzials, die durch Normieren
der Intensitatsinformationen iber das myoelek-
trische Potenzial des Kaumuskels durch den
Pegel der AuRenkraft erhalten wird, der durch
den Beurteilungsschritt beurteilt wird.

Arbeitsbelastungs-Bewertungsverfahren nach An-
spruch 8, wobei der Beurteilungsschritt den Pegel
der auf den Kopf des Subjekts wirkenden AuRenkraft
mit Hilfe der Intensitét eines myoelektrischen Poten-
zials eines Muskels beurteilt, der zum Beibehalten
einer Haltung des Kopfes wirkt.

Arbeitsbelastungs-Bewertungsverfahren nach An-
spruch 8 oder 9, wobei die Arbeit bewirkt, dass ein
vorbestimmtes Objekt ein Verhalten zeigt, indem
das Objekt betatigt wird, wodurch das resultierende
Verhalten die auf den Kopf des Subjekts wirkende
AuBenkraftverursachenkann, und der Beurteilungs-
schritt den Pegel der auf den Kopf wirkenden Au-
Renkraft mit Hilfe einer gemessenen physikalischen
GroRe beurteilt, die das durch die Arbeit bewirkte
Verhalten des Objekts darstellt.

Arbeitsbelastungs-Bewertungsverfahren nach An-
spruch 8, wobei die Arbeit bewirkt, dass ein vorbe-
stimmtes Objekt ein Verhalten zeigt, indem das Ob-
jekt betatigt wird, wodurch das resultierende Verhal-
ten die auf den Kopf des Subjekts wirkende Aulen-
kraft verursachen kann, und der Beurteilungsschritt
den Pegel der auf den Kopf wirkenden AuRenkraft
mit Hilfe einer gemessenen physikalischen GréRe
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beurteilt, die durch Messen des durch die Arbeit be-
wirkten Verhaltens des Objekts erhalten wird.

Arbeitsbelastungs-Bewertungsverfahren nach ei-
nem der Anspriiche 8 bis 11, wobei die Arbeit eine
durch das Subjekt vorgenommene Lenkbetétigung
ist.

Arbeitsbelastungs-Bewertungsverfahren nach ei-
nem der Anspriiche 8 bis 12, wobei der Bewertungs-
schritt den Belastungspegel des Subjekts bei der Ar-
beit durch Vergleichen der normierten Intensitat des
myoelektrischen Potenzials des Kaumuskels mit
vorbestimmten Werten bewertet.

Arbeitsbelastungs-Bewertungsverfahren nach ei-
nem der Anspriiche 8 bis 12, wobei der Messschritt
fur myoelektrische Potenziale myoelektrische Po-
tenziale des rechten und linken Kaumuskels erfasst
und verstarkt, wobei die Potenziale durch die Aktivi-
taten der Kaumuskel bei der Arbeit erzeugt werden;
der Verarbeitungsschritt Zeitreihendaten der so ge-
messenen verstarkten myoelektrischen Potenziale
des rechten und linken Kaumuskels verarbeitet und
als Intensitatsinformationen eine gleichzeitige Kon-
traktionsintensitat des rechten und linken Kaumus-
kels anhand einer gleichzeitigen Kontraktionswel-
lenform der Kaumuskel berechnet; und

der Bewertungsschritt eine normierte gleichzeitige
Kontraktionsintensitat berechnet, indem er die be-
rechnete gleichzeitige Kontraktionsintensitat durch
den Pegel der AuRenkraft normiert, und einen Bela-
stungspegel des Subjekts bei der Arbeit mit Hilfe der
normierten gleichzeitigen Kontraktionsintensitat be-
wertet.

Arbeitsbelastungs-Bewertungsverfahren nach An-
spruch 14, wobei der Bewertungsschritt einen Bela-
stungspegel des Subjekts bei der Arbeit durch Ver-
gleichen der normierten gleichzeitigen Kontraktions-
intensitat mit vorbestimmten Werten bewertet.

Arbeitsbelastungs-Bewertungsverfahren nach An-
spruch 14 oder 15, wobei die gleichzeitige Kontrak-
tionswellenform des rechten und linken Kaumuskels
erhalten wird, indem ein kleineres der myoelektri-
schen Potenziale des rechten und linken Kaumus-
kels ausgewahlt oder indem ein geometrisches Mit-
tel der myoelektrischen Potenziale berechnet wird.

Revendications

Dispositif d’évaluation du stress au travail (10) per-
mettant d’évaluer le stress d’un sujet au travail en
mesurant l'activité d’'un muscle, indépendante de
I'activité du muscle masséter gauche et du muscle
masséter droit pour ouvrir et refermer la machoire
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du sujet, ledit dispositif d’évaluation du stress au tra-
vail comprenant :

des capteurs (12) permettant de détecter des
potentiels myoélectriques des muscles massé-
ters gauche et droit, lesdits potentiels étant gé-
nérés par l'activité des muscles masséters au
travail ;

un amplificateur (16) permettant d’amplifier les
potentiels myoélectriques des muscles massé-
ters gauche et droit détectés par le capteur ;
une unité de traitement (22) de potentiel myoé-
lectrique permettant de traiter des données
chronologiques des potentiels myoélectriques
amplifiés des muscles masséters gauche et
droit, pour calculer une intensité de contraction
simultanée desdits muscles masséters gauche
et droit a partir d’'une forme d’onde de contrac-
tion simultanée desdits muscles masséters gau-
che et droit ;

une unité d’estimation (24) d’'un niveau de force
externe permettant d’estimer un niveau d'une
force externe exercée sur la téte du sujet au
travail ; et

une unité d’évaluation (28) permettant de calcu-
ler une intensité de contraction simultanée nor-
malisée, obtenue par normalisation de l'intensi-
té de contraction simultanée calculée par le ni-
veau de la force externe, et d’'évaluer un niveau
de stress du sujet au travail en recourant a ladite
intensité de contraction simultanée normalisée.

Dispositif d’évaluation du stress au travail (10) selon
la revendication 1, ou I'unité d’estimation (24) d’un
niveau de force externe est prévue pour estimer le
niveau de la force externe exercée sur la téte du
sujet en recourant a I'intensité du potentiel myoélec-
trique d’un muscle agissant pour maintenir une po-
sition de la téte.

Dispositif d’évaluation du stress au travail (10) selon
la revendication 1 ou la revendication 2, ou le travail
provoque un comportement d’un objet prédéterminé
par traitement dudit objet de maniére a permettre au
comportement résultant de déclencher 'application
de la force externe sur la téte du sujet, et ou l'unité
d’estimation (24) du niveau de force externe est pré-
vue pour estimer le niveau de la force externe exer-
cée sur la téte en recourant a une quantité physique
mesurée représentant le comportement de I'objet
provoqué par le travail.

Dispositif d’évaluation du stress au travail (10) selon
la revendication 1, ou le travail provoque un com-
portement d’'un objet prédéterminé par traitement
dudit objet de maniére a permettre au comportement
résultant de déclencher I'application de la force ex-
terne sur la téte du sujet, et ou l'unité d’estimation
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(24) du niveau de force externe est prévue pour es-
timer le niveau de la force externe exercée sur la
téte en recourant a une quantité physique mesurée
obtenue par mesure du comportement de I'objet pro-
voqué par le travail.

Dispositif d’évaluation du stress au travail (10) selon
I'une des revendications 1 a 4, ou le travail est une
manoeuvre de conduite exécutée par le sujet.

Dispositif d’évaluation du stress au travail (10) selon
'une des revendications 1 a5, ou I'unité d’évaluation
(18) est prévue pour évaluer le niveau de stress du
sujetautravail par comparaison de I'intensité de con-
traction simultanée normalisée avec des valeurs
prédéterminées.

Dispositif d’évaluation du stress au travail (10) selon
'une des revendications 1 a 6, ou l'unité de traite-
ment (22) de potentiel myoélectrique est prévue pour
obtenir la forme d’onde de contraction simultanée
desdits muscles masséters gauche et droit par sé-
lection d’'un potentiel inférieur parmi les potentiels
myoélectriques amplifiés des muscles masséters
gauche et droit, ou par calcul d’'une moyenne géo-
meétrique desdits potentiels myoélectriques ampli-
fiés.

Procédé d’évaluation du stress au travail permettant
d’évaluer le stress d’un sujet au travail en mesurant
I'activité d’un muscle, indépendante de l'activité du
muscle masséter gauche et du muscle masséter
droit pour ouvrir et refermer la machoire du sujet,
ledit procédé d’évaluation du stress au travail
comprenant :

une étape de mesure de potentiel myoélectrique
par détection et amplification d’un potentiel
myoélectrique d’au moins un des muscles mas-
séters gauche et droit, ledit potentiel étant gé-
néré par lactivité du muscle masséter au
travail ;

une étape de traitement de données chronolo-
giques du potentiel myoélectrique mesuré pour
le muscle masséter et de calcul d’'une informa-
tion d’intensité relative au potentiel myoélectri-
que du muscle masséter ;

une étape d’estimation d’un niveau d’une force
externe exercée sur latéte du sujet au travail ; et
une étape d’évaluation d’'un niveau de stress du
sujet au travail, recourant a une intensité nor-
malisée du potentiel myoélectrique obtenue par
normalisation de I'information d’intensité relati-
ve au potentiel myoélectrique du muscle mas-
séter par le niveau de la force externe estimé a
I’étape d’évaluation.

Procédé d’évaluation du stress au travail selon la
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revendication 8, ou I'étape d’estimation estime le ni-
veau de la force externe exercée sur la téte du sujet
en recourant a I'intensité du potentiel myoélectrique
d’'un muscle agissant pour maintenir une position de
la téte.

Procédé d’évaluation du stress au travail selon la
revendication 8 ou la revendication 9, ou le travail
provoque un comportement d’un objet prédéterminé
par traitement dudit objet de maniére a permettre au
comportement résultant de déclencher 'application
de la force externe sur la téte du sujet, et ou I'étape
d’estimation estime le niveau de la force externe
exercée sur la téte en recourant a une quantité phy-
siqgue mesurée représentant le comportement de
I'objet provoqué par le travail.

Procédé d’évaluation du stress au travail selon la
revendication 8, ou le travail provoque un compor-
tement d’un objet prédéterminé par traitement dudit
objet de maniere a permettre au comportement ré-
sultant de déclencher 'application de la force exter-
ne sur la téte du sujet, et ou I'étape d’estimation es-
time le niveau de la force externe exercée sur la téte
en recourant a une quantité physique mesurée ob-
tenue par mesure du comportement de I'objet pro-
voqué par le travail.

Procédé d’évaluation du stress au travail selon 'une
des revendications 8 a 11, ou le travail est une ma-
noeuvre de conduite exécutée par le sujet.

Procédé d’évaluation du stress au travail selon I'une
des revendications 8 a 12, ou I'étape d’évaluation
évalue le niveau de stress du sujet au travail par
comparaison de l'intensité normalisée du potentiel
myoélectrique du muscle masséter avec des valeurs
prédéterminées.

Procédé d’évaluation du stress au travail selon I'une
des revendications 8 a 12, ou I'étape de mesure du
potentiel myoélectrique détecte et amplifie les po-
tentiels myoélectriques des muscles masséters gau-
che et droit, lesdits potentiels étant générés parl'ac-
tivité des muscles masséters au travail ;

I'étape de traitement traite des données chronologi-
ques des potentiels myoélectriques amplifiés des
muscles masséters gauche et droit ainsi mesurés et
calcule comme information d’intensité une intensité
de contraction simultanée des muscles masséters
gauche et droit a partir d’'une forme d’onde de con-
traction simultanée desdits muscles masséters ; et
ou I'étape d’évaluation calcule une intensité de con-
traction simultanée normalisée par normalisation de
l'intensité de contraction simultanée calculée par le
niveau de la force externe, et évalue un niveau de
stress du sujet au travail en recourant a ladite inten-
sité de contraction simultanée.
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Procédé d’évaluation du stress au travail selon la
revendication 14, ou I'étape d’évaluation évalue le
niveau de stress du sujet au travail par comparaison
de lintensité de contraction simultanée normalisée
avec des valeurs prédéterminées.

Procédé d’évaluation du stress au travail selon la
revendication 14 ou la revendication 15, ou la forme
d’onde de contraction simultanée des muscles mas-
séters gauche et droit est obtenue par sélection d’'un
potentiel inférieur parmi les potentiels myoélectri-
ques des muscles masséters gauche et droit, ou par
calcul d'une moyenne géométrique desdits poten-
tiels myoélectriques.
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