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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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Fig. 1. Overall System Architecture
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Fig. 2. Block Diagram for Respiration Signal Processing Device
5§ NE SRE Al $4shn v Al 4 ADC AH0d] AdNe] Y GAANRIE AR AEE

ARM Cortex-M4F Zoj[11]15 WH3k mlo]
(MCU, Microcontroller Unit)S AF&3le] thekdl - &2
ok ollg} 14 B2 AS A7) 7bseit)
ZI-tAE HE7(ADC)IA HAlE &

’g‘ = T

JEE =X o A 328 FAS L, AEY B A4 to]
HES mEROR Addt

MCUE AlM dlolHE 2= LCDl &¥at7v USBE

A g5l RERO 535 BAQ Holg A4t} wal Uy =
A Hme]el] AHE Fdste] WiFi ZES F3f the o
7171904 whelamAEZ ] o3 Agd 25 Ae dd A
SR=2 x—l:l_a—l- /\ ]ﬂ—

NS B3l 958 5 AEE 5F AF $717190 v}
ojARAEEH A FF JJEF%% AR &, gAE Aze
W) o] AEE 100Hz2 53] 28 AHor wER
o A%sH Matlab TR0 g AAH daeFol oa H
oA & Al aze vepd o ol AA oF siggt

EF A58 ANT F Ak

2. Respiration signal processing device

a9 28 3& A3 #3719 Bt IdoA
Hi= vle} o] & AlM(force sensor)[12]+ Al AZAE
o] 91, EMFITA} 414 [13]9] 88 it SE719 o
o T3 AHE SFate] MCUS AHE0=

BHEcC=E
==

Sensor
Input

Fig. 3. Circuit Diagram Signal from Piezoelectric Sensor
for Amplifying and Filtering

FEsta AHY sk I2E 9 3 AN B o] F2E
RC 325 2gsto] 2vtA12] A9 3 LE|(LPF, Low Pass

Filter, @3 @)¢} 119 %3} HE(HPF, High Pass Filter, ®

o @)F A Aot} E A4Y ¥ o] OP-AMPolH
TIAFY] LM358 & AF&-3t. o] 32+ 0.72~0.79Hz
Heo] A58 4] glol Faalla, i) o] AE g
A7} ofaet

2uel 23 39 B3t el A Fat el $4 Foh
S AR 77 A1, A2st

£ =1/ (20RO = 1/ (2m < 4T0kQ x 4.70F) = 0722 (31 D)

f.p =1/(2rRC) =1/ (2m % 20MQ x 10nF) = 079" (4 2)

Ao FHH (S o15)= @A 7 3008 o1H (@<} @), 2
AE AAH, Ao 9nk vl FFo] 7hssieh. Ao ovt wiE %
ok A% g voke A5 g s Eeae A A5}
Z3hd 4 glojA o] FE H]&S A= S5 10kQe] 7}
W A o] ARGFHTHE). A o]52 A 33 o] Attt

G=20MQ/R=20M/66.7kQ = 300
o714 A3 prol WHR AAHNoRE
1/R=1/(100k) +1/(200k), R= 66.7k

Aoz A WA Al A Hd 3000 53¢
WA sl 2dE F, F AR dAlA A SOOHH
5101 HF A MCUS ADColAl dadnt 5%
2 AP o], AY, el me} T A5
NS A7)7F e RR, PR SE Fal ATk AR

=

=

S =z
==

ZEE

fol
]
>,
fol
&
1111
ol
]
=
41



20 Journal of The Korea Society of Computer and Information

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
' | actual C; C, TH cy
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
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Fig. 6. Graph of Respiratory Signals by the Subject C
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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
71E AT oA T TY W 58 A A U
7] Tl419 972, olF AAFE ALl 5 AFE AE
o, AR GaEES AAEA &3St ofel H3)
2 AFAE e 38 35 34 SugEs ANESE
Bekopel, A¥E Fote] Fag 7 AES ANFo =N
71Ee] e A7 ddg Sdo| gk,
VI. Conclusion
B mRAAE AR WA WS FAEA g T
&) 55 54 A9 Akt AR AxEe ¢
AAAE d=o) W A o=, A4 AEeiE 229
A 5% A52 SZakn WEY @ ¥ OA"e Bashe
55 A% A7), OAgR wae AN AEE 100H2 A%
2 mERAA AEE dHolHE THZe gdstal, 3
A Fol so= FAEo] Ut
35 A AgddA = M9 HlolE ] T o] S AL

43t Al dlol"E 7HEekela, N=50,60,70,80,90 2
e TH=200~ 90002 ¥WA3sIe] 72 F 432}

GG olF B3} YARS A8l Al £F 9548 54
e}

S9le. w3 o) it Ulal 4 NSl dlold F Arhare
Agae] 5 A5 HES FANA o % B 483
& o) SF0] U W ANEE 96.0%013, Ak 46

A W) A AAFE 05.1%°) F5F 45 Uehin
EG REE A AQIAE 0F glo] $EF 258 B3
i, PEE Tghe] W AL AN 5 g

ST ATANE FEF 0L BARE ¢ WHoEA BAR
of 3-an] o|3e] FES Fv)2 AT HoHE] RS F4l
REF TS BAS, 1 709 Dol(% ADE R W
& E3eaA B S FEE TN AFo] 4L ANEE
o Ul AEE FEHEE o] Ui NEES ET F Qe A2
S5} e Zel Ue @77k A@slolor & Aol

¥R Yo 98 Ase fol, BAwe, FEEZ
A 5 F REFF| YA 1), AEsP) LEA) &
o AEe 4% AT F Y, Y F PEE 4HE A%
Hom BT fo] REEFOR AU S BT 5 9

REFERENCES

[1] Owelt Monitor, https://www.owletcare.com/

[2] Sleep Time, http://www.azumio.com/s/sleeptime/index.
html/

[3] Korea Centers for Disease Control and Prevention,
http://cdc.go.kr/CDC/intro.html/, sleep apnea, 2016.

[4] Min Myeong Ki, Choe Sun Taag and Cho We-Duke, “A
Study on the Respiration Calculation using Double
Threshold from Piezoelectric Sensor Signal during
Sleep”, pp. 3—-4, Korea Information and Communications
Society Conference, Jun. 2014.

[5] Se-Dong Min, Young-Hyun Yun, Chung-Keun Lee,
Hang-Sik Shin, Ha-Kyung Cho, Seon-Cheol Hwang, and
Myoung-Ho Lee, “Respiration Measurement System
using Textile Capacitive Pressure Sensor”, The Journal
of Korea Information and Communications Society , Vol.
59P, No. 1, pp. 58-63, Mar. 2010.

[6] Jang Yu Rim, Nam Yun Chan, Song Moon and Shin Tae
Min, “An Algorithm for Respiration Rate and Depth
Estimation using Force Sensing Resistor”, Proceedings
of Korean Institute of Communications and Information
Sciences, pp.688-689, Jan. 2017.

[7] T. Reinvuo, M. Hannula, H. Sorvoja, E. Alasaarela, and



Breathing Measurement and Sleep Apnea Detection Experiment

and Analysis using Piezoelectric Sensor 23

R. Myllyla, “Measurement of Respiratory Rate with
high-Resolution Accelerometer and EMFit Pressure
Sensor”, SAS'06, IEEE Sensors Applications Symposium,
pp. 192-195, Feb. 2006.

[8] Y. Yamana, S. Tsukamoto, K. Mukai, H. Maki, H. Ogawa,
and Y. Yonezawa, “A Sensor for Monitoring Pulse Rate,
Respiration Rhythm, and Body Movement in Bed”, The
33rd Annual International Conference of the IEEE EMBC
(Engineering in Medicine International Biology Society),
pp. 5323-5326, Sep. 2011.

[9] Xin Zhu, Wenxi Chen, Tetsu Nemoto, Kei-ichiro Kitamura,
and Daming Wei, “Analysis of Pulse Rate, Respiration
Rhythm, and Body Movement during Sleep Detected by
Pressure Sensor”, The 2nd International Symposium on
Aware Computing(ISAC), pp. 213-219, Nov. 2010.

[10] Ji-Young Cha, Hyun-Seok Choi, Jae-=Yeon Shin, and
Kyoung-Joung Lee, “Unconstrained Respiration and
Heart Rate Monitoring System Based on a PPG Pillow
during Sleep”, The 30th Annual International IEEE EMBS
Conference, pp. 3224-3226, Aug. 2008.

[11] Texas Instruments, http://www.ti.com/Isds/ti/
microcontrollers_16-bit_32-bit/c2000_performance/c
ontrol_automation/tm4c12x/products.page

[12] Interlink Electronics, http://www.interlinkelectronics.
com/FSR408.php

[13] EMFIT, http://www.emfit.com/

Authors

Seokhyang Cho received the B.S. degree in
Mathematics from Ewha Womans
University, Korea, in 1986 and the Ph.D.
degree in

Electrical and Computer

Engineering from Sungkyunkwan

University, Korea, in 2006. Dr. Cho joined

the faculty of the Dept. of Information and Communication
at Pyeongtack University, Pyeongtack, Korea, in 2016. She
is currently an Assistant Professor in the Dept. of
Information and Communication, Pyeongtaek University.
She is interested in cryptographic protocols, information
security, and healthcare monitoring.

Seung Ho Cho received the B.S., M.S. and
Ph.D. degrees in Computer Engineering
and M.S. and Ph.D. degrees in Computer
Science from Seoul National University,
Korea in 1985, 1989 and 1993, respectively.
Dr. Cho joined the faculty of the School

of Software Application at Kangnam University, Yongin,
Korea, in 1993. He is currently a Professor in the School
of Software Application, Kangnam University. He is
ubiquitous context-aware

interested in computing,

computing, and healthcare monitoring,



