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12. FAREH

Response of electromyography of sternocleidomastoid muscles

to car’s accelerations
Keywords: Human engineering, bioinstrumentation, electromyography, car motion performance

The paper presents response of. surface electromyography (EMG) of sternocleidomastoid (SCM) muscles to
acceleration produced in a moving car.. The purpose of the study is to clarify the validity of the EMG signal as an
indicator to evaluate passenger feeling to.car motion performance. EMG is a physiological signal that is caused by
muscle activities, and it relates the strength of muscle activities. Additionally, the SCM muscles are in both sides of the
neck, and play important parts for keeping lateral stability of the head.

It is known that passenger feeling is greatly affected by head vibrations in the driving car. Generally, acceleration
and attitude angle of the head are used as an indicator.to evaluate passenger feeling to the head vibration. In fact, when
passenger try to damp the head vibration by neck muscles, it become important to know the activities of the neck
muscles activated by the head vibration. Therefore, the
study focuses on surface electromyography of the neck
muscles, which is the damped outputs resulted from the
acceleration and attitude angle of the head (left figure).

In the former study, the experiment was conducted for
two cars, which have different motion performances. The
two cars are same kind, but body frame of one car was
pasted by the reinforcement materials, and its rigidness was raised. In the study, the reinforced car is called ‘modified
car’, and another one is called ‘normal car’. The two cars made a same slalom driving with the subject in rear seat, and
four accelerometers are set on the car frame. The two accelerometers are set laterally on the front left side of the body
frame, and another two accelerometers are set on the rear left side similarly. Then, the front relative acceleration is
calculated. by the difference between the measured lateral accelerations/in the front frame, and the rear relative
acceleration is calculated in rear frame. The relative accelerations can be/used as an indicator of the vibrations inside
the cars. The experiment shows that the relative acceleration of the modified car is smaller than the normal car, and the
RMS values of the EMG of SCM muscles are smaller while subjects sitting in the modified-car. The result indicates a
tendency that the RMS value of the EMG signal gets smaller, when the relative acceleration is smaller.

To further confirm the tendency, the new experiment was conducted by using a driving simulator (DS) with 10
subjects. The DS have 6 axial actuators, and the slalom driving same as the previous experiment is simulated as a
standard motion. The rear relative accelerations of the normal -and the modified car measured in the previous
experiment are added into the standard motion. The motions of the DS are designed for five settings, which are standard
motion, added 100% rear relative acceleration of the normal car to the standard motion, added 100% that of the
modified car, added 200% that of the normal car, and added 200% that of the modified car.

The EMG signals are normalized by the RMS values in the standard motion as %RMS value, and the mean value of
the left and right RMS values are calculated. Both in the added 100 % and 200 % accelerations, the %RMS values of
EMG for the modified car are significantly larger than the normal car (second figure).

As a comparative indicator, sensual questionnaire about discomfort feelings was investigated. A few subjects
recognized the difference but there is no significant difference between the two cars. Moreover, head and shoulder
accelerations were also measured in the same 5 settings. In the motion added 200 % acceleration of the normal car, the
RMS values of the head and shoulder accelerations'in the
normal car are significantly larger than the modified car.
However, in the added 100 % acceleration, there \iS no
significant difference between the two cars.

The results suggest that the EMG of SCM muscle is
effective and superior to other two indices in the evaluation of
passenger feeling responded to car motion performances. °
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