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INTRODUCTION

　It has been observed that changes in heart rate and 
respiratory rhythm occur before, during, or following behavior 
such as posture changes, walking and running. Therefore, it is 
often very important to record heart rate and respiration 
rhythm, along with posture and behavior, for continuously 
monitoring a patient’s cardiovascular regulatory system during 
their daily life activity and sleep states.
　In this study, a compact ECG R-R interval, respiration and 
activity recording system has been developed for monitoring 
heart and respiration functions accompanying posture and 
behavior. The recording system is a compact and single 
module, which is attached directly onto three ECG chest 
electrodes.

Figure 1 The R-R interval, posture and activity recording 
device attached on the center of the chest with three disposable
ECG electrodes. The device is 5 x 13 cm, the thick is 1 cm and 
the weight is 30g.

http://yonezawa.cc.it-hiroshima.ac.jp/topic/

Figure 2 The block diagram of the R-R interval, respiratory 
rhythm, posture and behavior recording device. The 
VGIA(Variable Gain Instrumentation Amplifier) records ECG, 
and accelerometer records the X (back and forth direction) axis 
static acceleration force　and the Z (vertical direction) axis 
dynamic acceleration force. The microcomputer detects R-R 
interval, respiration and activity. These detected data are stored to 
the EEPROM.

Figure 3 The Z axis dynamic acceleration force recorded by the 
various behaviors such as resting, walking and running. The Z axis 
dynamic acceleration force detected by the high-pass filter is 
rectified and integrated by a RC integrator with a time constant of 20 
ms, and then behavior such as resting, walking and running is 
detected from the integrated dynamic force. 

Figure 4 The heart rate, respiratory frequency, posture & 
behavior and activity recorded over 24 hours. The heart rate 
during wakefulness changed from 55bpm to 110bpm with 
behaviors such as posture changes, walking and running. The 
average was 62bpm. During sleep, from 0:00 to 8:00, the heart 
rate decreased to 50bpm. The mean frequency of respiration 
decreased from 20/minute while awake to 15 during sleep. The 
major activity level was recorded during wakefulness. 

CONCLUSION

The developed system can record the R-R interval, respiration, 
posture, behavior and activity in daily life. The subject's 
general health condition and living patterns can be obtained 
from these data. 

SYSTEM DESCRIPTION

Dual axis
accelerometer

LPF
（0.5Hz)

EEPROM

AMP
（20dB)

VGIA

IMA BEF
（60Hz) DPM AMP

（40dB)
A/D 1

A/D 2

I/O 1

I/O 2

I/O 3

LPF
（0.5Hz)

HPF
（1.5Hz)

AMP
（20dB)

AMP
（20dB)

A/D 2

A/D 2

I/O 6

X-axis

Z-axis

Resting Walking Running
2

-2

-1

1

0

A
cc

el
er

at
io

n(
G

)

2

0
0.5

1.5
1

Fu
ll 

w
av

e 
re

ct
ifi

ed
 

ac
ce

le
ra

tio
n(

G
)

0.5

0.2

0.4
0.3

0.1
0

In
te

gr
at

ed
 

ac
ce

le
ra

tio
n(

G
)

10s

120

20

40

80

0

10

40

30

0
side

prone

supine

running

& sitting
standing

walking

1.2

0.4

0.8

0

R
es

pi
ra

to
ry

 fr
eq

ue
nc

y
(ti

m
e/

m
in

)
H

ea
rt 

ra
te

(b
ea

t/m
in

)
Po

st
ur

e 
&

 b
eh

av
io

r
A

ct
iv

ity
(G

)

12:00 8:004:000:0020:0016:00 12:00

Time of day (h)

RESULTS


