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Cross Correlation based Signal Classification for Monitoring System
of Abnormal Respiratory Status
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Abstract This paper focuses on detecting abnormal patterns of respiration of humans. In this study, a
contact-based device was used to acquire both normal and abnormal respiration signals. To this end,
this paper reports the development of a monitoring system to investigate the respiratory status of
humans in a normal environment. This work aims to classify the respiratory status, i.e., normal and
abnormal status, quantitatively. The respiration signal is acquired using a contact-based medical device
(BIOBPAC), and noise reduction is carried out before classifying the respiratory status. To reduce noise,
a mixed filter that combines the Savitzky-Golay filter and Median filter is applied to the acquired
respiration signals. The inter-class distance is maximized, and the intra-class distance is minimized. The
proposed algorithm is straightforward and can be applied to a practical environment. In addition, the

experimental results are provided to substantiate the proposed approach.
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Fig. 1. Overall architecture of a classification based
monitoring and detection of respiratory status.



A 7N AR BRE o183 HIRY TF A BUHP AA"
=820 Yz FEO ey}l Zo] JLAEo] 9t} 2 L zk%o] Aol A%

L (0]
=5

7ol A AAE Aol A== F 71 2, AH|
27|-ZH|o](Savitzky-Golay) BEQ} F7HHmedian)
e E AVttt 3o BASET BiREE 4l
= = TP 5 YEF ADE 719 FAE 54

| gt W8-S AVfdith 483ollM= & =2olA AQker

WHE AlgEelA shal I AR AAEH SA0A 2

=S R of g A W AR
2. 2 HA

%3 A% BIOPAC-SS11LA HH|E Alg5lo] 3
sk, o] FHl= o] AAHE SFASE Zﬂ#o&t}. a
2L 2 l&&OﬂHL IFATO Fgo] &A%t 71
S 5l IS STt 1 o]8= YukAQl x7le] &
Hl= fz%u‘z o ol Aol U 5= JoBa A A
A A7} WEA] gertE|ojok 517] wfEo|tt dRkAQl
AT gt Ao|AE BE tE 4 e €Y E
S At Yo, B =0 BIOPAC-SSI1LAZE
B gE5E= 38450 999 HeZ FIR & A
AA %‘ifﬂ—é‘—e— Agsh= dAE IRt 422 AA

3} Savitzky-Golay(SG) ”“’391' ‘6‘7 t
& gg7t 71—5— Aol Aol EHATH,101.

ZolAe SG FEL S B 44 dAES %’i‘—
sb7] e, & 7S] FEE et —'i—’@'@ﬂg Aol &2
H SFAS HBAF RN, FSE AASL, IF
I} AHO $8AS HARE OZ]"L & UEE gt o
Zc}c’"’ﬂh SG "E e} F7hak HHof Hs) 1ieks] Avfst

I, THLEE 83 A7E ANETH

2.1 Savitzky—Golay ZE

SG _uJE]‘— /L]_Q_oﬂ bS]
ek SG ek B4 2
7arstel HeAAS
58 (0)eka oot
o #7489 A2 w, (1)

g % 9k

zZo9

Ha =

O
1_

AASH] {sh AlRb=

5}—% | 3t Agol2hs 71

%]

x

qeas.

o n(t)7h @ (1)
o5t

A ()3t 2ol B

B

z,(t) =x(t) +n(t) o)

e Aee] Rd2 B =RoMe oA gen, o
o]9] Az o] FHIE 7T 7%t SG HE A}

=3 SG ¥H Ato|9] A
(convolution) At Z3}+9] HHA gk ALtz
Eq. Q¢ Zo] & 4 Ut

tﬂ”‘l,

M

Z (C, * xn(tj+i))

M

1
oM+1

xd(t‘j) = (2)

20/+12 Bele] Y= 70|
o SG WeE 3w 4yl
FgsoE ARy

C= 8 Aol
& AAskes 9ge

ARY(smoothing) ZE Q] ¢ FHE Ho}
T Fapsiet9] a®t b9 WHE Aot} Eq.

@)elA9 2M+1 9} O 13y Agelo|ug Yuty

Q1 FA R Autslz Fdsitt SG ZEQ 7]22Ql of
ojtjojx 4 A5H(least-square method)E &89
of ASE oo R ZASE slo ARY k= Aol
SG FH Y ¢ A4 FE7F YA _’ZEJr AR g
g TogA] 459 AH EAHZ do

olt}. Fig. 2014 SG ZEHE 288 ﬂi
$9] ZIE HolF 9

]. a * b=

L

Emapenion Sional

Higrba e Kl

Fig. 2. The signal is filtered through Savitzky-Golay
filter, and the result shows information loss in
the region of strong edge.
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Fig. 3. Median filter replaces the noise component by
median value of neighboring values.
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Fig. 4. Median filter provides superior result in that
edge(or high-frequency) information is preserved.
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Table 1. Previous results of signal classification[12]

r(t) | fG@) | alt) | fla(t))

r(t) 1.0000 09770 0.7601 0.7823

f(r(t)) | 09770 1.0000 0.8046 0.8025

a(t) 0.7601 0.8046 1.0000 0.9581

fla(t)) | 07823 0.8025 0.9581 1.0000
Table 2. Result of signal classification using proposed

approach

r@) | fOr@) | alt) | flat))

r(t) 1.0000 09832 07815 0.7888

f(r(t)) | 09832 1.0000 0.7995 0.7870

a(t) 0.7815 0.7995 1.0000 0.9629

fla(t)) | 07888 0.7870 0.9629 1.0000

5. A2
£ =2olA= SG ZEe S0t UHE =8 =
e & F8olo] 53 SFATY A2 AASHAL,
THABY FHEZ ARt ShEUHolEE ARRoR
A, BAEEI BIPAE S A3 AEASE A4
of, 3& AH £55 SPciith 4847 59 5%
AH9] BV 0] o]Fo] A= A& R £ A
1 o] AF A= FF S5 AHel gt ARAE Bjt
AAE 2AE 7FssHA ste AAEE FE5she Aol
AREE Zlolth. 71& A tiH] Az o2 AHe 5%
AB 7] BT A7t B Fop o 24 55 AH Y
5 As0] o 2o gRlstqinh ol 234E
9] 5L o 2 AlZtoll &35k, 35 4159 EA%
= AR ZEsto] shgo] 7Nkt SEAH R AT
2 A7 24 g lﬂom o 5849 Sg4H
FA ANAH DS AL Aol
References

[1] F. Q. AL-Khalidi, R. Saatchi, D. Burke, H. Elphick and

12

S. Tan, “Respiration rate monitoring methods: A
review", Pediatric Pulmonology, Vol. 46, No. 6, pp.
523-529, 2011

DOL: https://doi.org/10.1002/ppul.21416

K. Watanabe, T. Watanabe, H. Watanabe, H. Ando, T.
Ishikawa and K. Kobayashi,  “Noninvasive
measurement of heartbeat, respiration, snoring and
body movements of a subject in bed via a pneumatic
method®, IEEE  Transactions on  Biomedical
Engineering, Vol. 52, No. 12, pp. 2100-2107, 2005
DOI: https://doi.org/10.1109/TBME.2005.857637

A. D. Droitcour, T. B. Seto, B-K. Park, S. Yamada, A.
Vergara, C. Hourani, T. Shing, A. Yuen, V. Lubecke
and O. Boric-Lubecke, “Non-contact respiratory rate
measurement validation for hospitalized patients”,
Annual  International ~Conference of the IEEE
Engineering in Medicine and Biology Society, pp.
4812-4815, Minneapolis, MN, USA, 2009

DOI : https://doi.org/10.1109/IEMBS.2009.5332635

M. A. Cretikos, R. Bellomo, K. Hillman, J. Chen, S.
Finfer and A. Flabouris, ‘Respiratory rate: the
neglected vital sign”, Medical Journal of Australia, Vol.
188, No. 11, pp. 657-659, 2008

DOI : _https://doi.org/10.5694/1.1326-5377.2008.tb02163.x

S-Y. Park, S-H. Park, S-T. Choe and W-D Cho, “A
Study of the Detect of Apnea Using Sleep Sound
that Other Noise Filtering”, Annual Conference of
IEIE, pp. 670-673, Jeju, July 2013.

D-H. Park, C-H. Shin, S-C. Hong, J. Yu, S-H. Ryu, E-J.
Kim, H-B. Shin and B-H. Shin, “Correlation between
the Severity of Obstructive Sleep Apnea and Heart
Rate Variability Indices”, Journal of Korean Medical
Science, Vol. 23, No. 2, pp. 226-231, 2008

DOI : https://doi.org/10.3346/jkms.2008.23.2.226

G. Ossberger, T. Buchegger, E. Schimback, A. Stelzer
and R. Weigel, “Non-invasive respiratory movement
detection and monitoring of hidden humans using
ultra wideband pulse radar”, International Workshop
on Ultra Wideband Systems Joint with Conference on
Ultra Wideband Systems and Technologies. Joint
UWBST & IWUWBS 2004, pp. 395-399, Kyoto, 2004.
DOI : https://doi.org/10.1109/UWBST.2004.1321003

K. S. Tan, R. Saatchi, H. Elphick and D. Burke,
“Real-time vision based respiration monitoring system’, /th
International Symposium on Communication Systems,
Networks & Digital Signal Processing (CSNDSP 2010),
pp. 770-774, Newcastle upon Tyne2010.

DOI : https://doi.org/10.1109/CSNDSP16145.2010.5580316

[9] J. Chen, P. Jénsson, M. Tamura, Z. Gu, B. Matsushita
and L. Eklundh, “A simple method for reconstructing
a high-quality NDVI time-series data set based on the
Savitzky-Golay filter’, Remote Sensing Environment,
Vol. 91, No. 3-4, pp. 332-344, 2004.
DOI : https://doi.org/10.1016/j.rse.2004.03.014

H-B. Kim, S-M. Han and C. Yim, “Selective Extension
Median Filter for Impulse Noise Removal’, Annual

4]

o]

8]

[10]



FBEA 719 AE BRE ol8F HIBY BF AH ZUET A2

Conference of IEIE., pp. 587-590, Busan, June 2017.

[11] C-G. Park and B. Choi, “Median based bilateral filter
for noise removal of IR image”, Annual Conterence of
[EIE, pp. 542-545, Wonju, Nov. 2015.

[12] S. Kim, C. Hwang, J. Kim, C. Park and D. Lee,
“Application to Detection and Classification of
Respiratory Status based on a Signal Correlation”, Fa//
Conference of the Korean Institute of Electronics and
Information Engineers (IEIE), Incheon, 2018

0| & 2(Deokwoo Lee) [Hslel]

* 20079 24 @ A& AR
71AFEITHE (FEAD

+ 20089¥ 12¥ : North Carolina
State University, (AA5st 4
AB

* 2012 129 : North Carolina
State University, (FARZS}H BIAD

+ 201349 1¥ ~ 20134 4% : Washington University
in St.Louis, BIAEZATY

+ 20134 9¥ ~ 20164 8€ : AR} FAAAHE, A<
A+

+ 20164 99 ~ 20189 29 : JAHEtw FwS

+ 20184 3¥ ~ &4 : Aty FIoist AFEZHA
T Fu

(FAEop)

P 2 AzAE, ARgud

13



