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Abstract

In this paper, we implemented a respiration measurement system consisting of piezoelectric sensor,

respiration signal processing device, and a viewer on a notebook. We tried an experiment for measuring

respiration and detecting sleep apnea syndrome when a subject lay on a bed. We applied the respiration

measurement algorithm to sensor data obtained from four subjects. In order to get a good graph shape,

data manipulation methods such as moving averages and maximum values were applied. The window size

for moving average was chosen as N="70, and the threshold value for each subject was customized. In
this case, the proposed system showed 96.0% accuracy. When the maximum value among 90 data was

applied instead of moving average, our system achieved 95.1% accuracy. In an experiment for detecting

sleep apnea syndrome, the system showed that sleep apnea occurred correctly and calculated the average

interval of sleep apnea. While infants or the elderly as well as patients with sleep apnea syndrome are

lying down on a bed, our results are also expected to be able to cope with some accidental emergency

situation by observing their respiration and detecting sleep apnea.
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1. Overview of the system
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Fig. 1. Overall System Architecture
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2. Respiration signal processing device
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V. Breath Counting Algorithm

1. Piezoelectric sensor data processing
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Fig. 4. Flowchart for a Breath Counting Algorithm

Table 1. Variables in a Respiration Extraction Algorithm
Variable Details

N Number of data

TH Threshold of breath signal level

MAX Maximum value of N data

LP Local peak value

CLP Current local peak value

OLP Original local peak value

IBLP Interval between local peaks

IBAR Interval between adjacent respiration

SIBAR Stanldarld Interval between adjacent

respiration

C Number of breath counting

o Number of deleted local maximum

G; Number of added breath counting

V. Breathing Measurement Experiment
and Analysis

1. Experimental methods
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Table 2. Information of Subjects
Subject Age Sex I—:zir?]k;t V\I(ekigg)ht
A 50 Male 168 65
B 50 Female 155 50
C 30 Male 166 60
D 20 Male 175 55

Fig. 5. Experimental Scene of the Subject A

2. Experiment of breath counting
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Table 3. The Number of Respiration Measured on the
Subjects using Moving Averages
Subi # of miaosfur Accura
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ect breath el ' (%)
breath °©
A 34 32 0 34 200 941
B 47 46 0 49 350 97.9
C 35 37 0 28 700 94.3
D 47 48 0 39 750 97.9
Table 4. The Number of Respiration Measured on the
Subjects using the Maximum Value
Subje sl mtac:ur eI
L actual C, o TH oy
ot breath O (%)
breath °
A 34 32 0 23 700 94 1
B 47 48 0 47 600 97.9
C 35 39 0 23 700 88.6
D 47 47 0 20 750 100

3. Experiment of sleep apnea detection
FEEE AE] Ag AL 4P} F 4802 S B

Fohe B3] EHOR 5HS FASH: YO PEE
G A9 Faeth @ 4 el A FEE
22 7k DAYAE U B oR 89S Faser,

ohe 19 6, 7, 88 QWA C| TEE Fre] Tge 9
9 5F AEE HolF o714 F49 5F A5 Ay
@2e Sagolz FA50) Qa, B e 32 A
SR AMSE QAN BAR A5 AEA DA 71E

TH=200 °] O}O] , 70%, 150% 200
ol 10x oldel 35 3to] 53] &

g LA Nll

: ”Ln\lnm\“ {

Fig. 6. Graph of Respiratory Signals by the Subject C

27 78 AN Hole] 707}1}” o W LE(V=T0)E 483
50%~150% :[LZJ'Q] i qu—v—r/}‘ —r&——‘ :[Lﬂ' ‘;——1h
AAR( TH=700)R.c} “H—Or A2 g vehdid, € <
WE e om o9 AL meke el gtk

I
s

A Al

o

i
100

0

W"M“WWW

Fig. 7. Graph of Respiratory Signals by the Subject C where
N =70

M

2 82 AlA HlolH 907 F AN MAX=90)S A&
AER, 7HEHA B A AeelA
AAH] wBo} A"EA F3E e AZo)
TH=500 o|3slol|lx #&& = drh



22 Journal of The Korea Society of Computer and Information

2000~

Fig. 8. Graph of Respiratory Signals by the Subject C where
MAX=90
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Table 5. Result of Apnea Detection

Sl # of actual me:soljred Avgrage of apnea
apnea interval (sec)
apnea
A 5 5 11.2
B 5 5 18.7
C 3 3 21.9
D 4 4 16.2
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