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Accelerometer

Accelerometer

Gyroscope

Accelerometer

OAccelerometer

Type: MC201, WACOH
Size: 29X16 X13.5 mm
Weight: 4.8 g

Range: £1g

Frequency response: DC~15 Hz

OGyroscope

Type: ENC-03J, MURATA
Size: 15.5X8.0 X4.3 mm
Weight: under 1.0 g
Range: +300 deg/s
Frequency response: 50 Hz

$B1E 2% - BITHERMHEY R 7 LHE

Fig.1 New sensor system for ambulatory monitoring of human posture

and walking speed.

Thigh angle

De =4Lsin( 8 /2)
Ve =De/T

H2M ST
Fig.2 Method for estimating walking speed using
thigh angle measurements.
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Digital disc recorder (InfoSync, ASTEC)
* Analog signal: sampling frequency 60 Hz
* Video signal: frame speed 30 frames/s

Digital video camera

/7 \

$BIE HAMEREERS R T A
Fig.3 Experimental setup for evaluating the accuracy of human
posture and walking speed measurements.
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— Angle obtained by accelerometer

@ Angle obtained by VTR
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Fig.4 Definition of the three angles (top left) and typical recordings of the sensor output during various postm

changes (a-c).
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Fig.5 Correlation between angte values obtained from
VTR analysis and those obtained from an ac-
celerometer,
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Fig.8 Typical recording of the gyrosensor output (a)
and integrated values (b) just after the begin-
ning of walking.
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Fig.7 Correlation between walking speed values
obtained from VTR analysis and those obtained

from the gyroscope signal.
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Evaluation of a New Sensor System for Ambulatory Monitoring of Human Posture
together with Walking Speed*

Kousuke MoT01,** Shinobu TANAKA,*** Masamichi NoGawa,! Ken-ichi YAMAKOSHI**

The measurement of physical activity is one of key subjects in fields like rehabilitation and gerontology. Moreover,
ambulatory monitoring of changes in human posture in daily life will provide useful information for evaluating results
obtained by Holter-type ECGs or ambulatory blood pressure monitors. From this viewpoint, several instruments have
been developed which can estimate physical activity in daily life. For example, the Actigraph is a wrist-worn
commercially available activity monitor that measures the movement of the subject’s hand, and has been widely used
for evaluating sleeping disorder. Another example is a system that measures acceleration of the thigh or waist using
an accelerometer or gyroscope for rough estimation of a subject’s behavior during daily life. However, these instru-
ments have limitations for detailed analysis of posture change and cannot be used for the simultaneous measurement
»f walking speed, which is a useful index for evaluating the independence of elderly individuals. Taking these factors
nto consideration, we developed a new sensor system that accurately measures human posture together with walking
ipeed. The system is composed of three accelerometers and one gyroscope. The accelerometers are for posture
neasurement, and are attached to the subject’s waist, thigh and leg, respectively, so as to measure the angle in terms
f gravitational direction of each part. The gyroscope measures the change in thigh angle when walking in order to
stimate walking speed. The accuracy of the system for posture and walking speed measurements was experimentally
waluated using ten healthy male subjects. According to the results, it was clearly demonstrated that, using the system,
uman posture in the sagittal plane (180 deg) and walking speed (0.2m/s-2.0m/s) can be measured with reason-
ble accuracy, and that the system is a useful means for analyzing human activity during daily life,

*Received June 26, 2003 ; revised October 14, 2003.
**Graduate School of Natural Science & Technology, Kanazawa University
***Institute of Nature and Environmental Technology, Kanazawa University
TFaculty of Engineering, Kanazawa University
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