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[Abstract]

Recently, a research on obtaining a vital signal using a Doppler radar has been developed and is used as a technology applied
to patients in bed. However, in the case of the measured pulse, the respiration signal is generated as noise, resulting in a problem
of lowering accuracy. In this paper, we propose a bio-signal measurement algorithm based on the sampling point to improve the
accuracy of the signal for measuring the pulse rate when measuring bio-signals using a Doppler radar. The proposed algorithm
improves the accuracy of the measured bio-signal by removing noise generated when measuring biosignals based on two sampling
points. Compared with actual medical equipment and existing bio-signal algorithms, it is more than 90% similar to medical

equipment. In addition, it was confirmed that severe amplitude change was minimized compared to the existing algorithm.
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https://doi.org/10.12673/jant.2020.24.4.322 Received 25 July 2020; Revised 27 July 2020
This is an Open Access article distributed under Accepted (Publication) 20 August 2020 (30 August 2020)
s the terms of the Creative Commons Attribution *Corresponding Author: Jae-Chun Ryu

Non-CommercialLicense(http://creativecommons
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial )
use, distribution, and reproduction in any medium, provided the Tel: +82-43-279-7486
original work is properly cited. E-mail: jcryu@kopo.ac.kr

Copyright (©) 2020 The Korea Navigation Institute 322 www.koni.or.kr pISSN: 1226-9026  elSSN: 2288-842X



=2

—

. M
71 AL %9} e E Aol e A ek
Hjo} F5 A E] Alolell A et BAE Adth=
TH11,[2]. B3 HRV (heart rate variability) S 7]9Fo.2 2
9] Z5& AT = A AFE EAgT}3-7]. o]
T A7E EY R FHZoE 5] HoldE o]&ste] A
35 f5ske A7) laE o] WAl xSl A A-8E 1L
ATk AT S = W] - S5 Al o R
slo] Qs ol & A7 Ay gt
B =M= Ao} vholx]=

EAE

> e
k1
A
aiil
rlo

e

oZ,

)

rir

i) ail
X
lo

)

T

i

e Ay
ox rlr

o

o

i

o

i
S
rlr

2

M

ok

)

2 |o
u

||\
o, Al
)
vl
N

2
.
S
H .
T
BN

x

T

[ F
o ot fo ot

o
ull

0t fof
24 o
t ol
b
)
St
N
Ho

M ox
i

[0
o
)
)
=

o
4

;i’r
1 ol o

f
o w M

e
oL
i,
vl
[\S]
o
rlo
f
)
e &
=2
R
>
op
i)

i
r®r
wy rlo ™
(0
o
_0|L
=

(U8)

ol
=2 -
>
s
2
rO r
ol
ol

Y
N
i
i

=)

2

%S

Eoﬂ.
o
O

da

o ;;L

NI
>
rlr
2
R
o
il
o
oX,
olr
o
o
N
ol
ol
£
o
o,

rr
H

-
. 2

s

i

ol

HRV (heart rate variability) A &= 489k~ 7+
3t AojHir). Ao HRV Al5E 4A &
A& 21747 (ANS: autonomic nervous system)”}

g fo lo
S b
o IO rg—"
e )

i

X

(SNS, sympathetic nervous system), F-u7t 217

=)
Z
«

oot
tlo
=

parasympathetic nervous system) ~12] 3L | 3z}of] o3&k 7]
ol 2EH 2, &5 2 71 T aQlel ok AHE A7 A9
HES A2 AREE 4= Qlth HRV AT grbgo s A%
(ECG, electrocardiogram) = 57 = A1} PPG (photo plethysmo
graphy) &S AHg-ate] 54 ¥ W A S oA sAYE v E -
H|E IHA S AA| D& A 8to] ALt 18] ar a4 49
ol A, HRAE )7} w9~ 52 F=3(VLF: 0.003 ~ 0.04 Hz), A
F3KLF: 0.04 ~ 0.15Hz) & I53HF: 0.15 ~0.4Hz)Z FFT
(fast Fourier transform) 7]HF 2= 2~ E= L= (PSD: power
spectrum density) S =213t] AT FFT= 548 A&
H Al zolvt A8 B2 A HRV A AD-E FFT -4 7o
HIMo g S8 A5 ¥ Alel=R WS A A-gfof g
AT = ARE EER] 4] A S ol7]d A5 E Fu
F =vQl Aol Mg Hglkelr] Y3l FFTE ARl Hth
FFTE o]k 2] M3KDFT, discrete Fourier transform)¥} &

N

E

323

WS w2 A aeks @849 darglFolth FFTY| 713
A9l T4 & ol Wgk Tl o g 2] (1)) 2k
s = [ foe ()
34l FFT  dagse 28-77  ¢ags
(Cooley-Tukey algorithm) © 2 o] &da1g]&e e FH o
g5S ARSI, Al A SR 379 DFTE n=n,, n,7} 3 ¥
3= ny, n, 4719 F DFTR Yhe 5§ 2 435 o(n) A7kl §
A= Zolth HE n & AAH R 2585l 28 HHS A
43517] witoll n=2tQl 790l Wo] HEE|A|vF AnkH oz 5
3}y = TS BT Q7] el nol Yeole] 4 wjo =
A4 P58 o] Y-S = /nol2}al gl sl thA] A4
23HH 2] (2)9F 2ol veRdTt
n—1
fi= D a W j=1,.n—1 2)
k=0

a9 13 19 29
o wfo] A7 vh-s 3t
o] 47 ks Fole
FFTE 485 o U
9] xFE Bino 24 12

|

N

=
>
oX,
4
o
u
N
o,
A
5
o
=
[\ 8]

%:

—FHTmg

g

FFT Magnitude

.

i e —

5 1 25 3 35 4 45 5 55 6 65

Bin(! = 0.25Hz)

bl

- B B

~
o 05 H 1

7 75 8 85 9 95 10 105

a7 1. 24N delel Foie ABES

Fig. 1. Frequency spectrum of awakening state

2500

20000

g

— T mag

FFT Magnitude

g

R r—

T 15 3 35 4 85 5 55 6 65 7 75 & 85 9 95 1.0 105

Bin(1 = 025Hz)

a8 2. 49 Yelel Fak Ay

Fig. 2. Frequency spectrum in sleep state

www.koni.or.kr



J. Adv. Navig. Technol. 24(4): 322-327, Aug. 2020

. MEY A 718 4 S S 202E Mol EAGTE oo} &2 Adne|ES A8T A9 120 A
A NTE SAste] RS Alesh= oi7]7]9] 45 vz v
T 13 2= v HA5E | el M S A ukE A R AIE FFL  glolA dA 8 7IRke] YA AR
Zo| Fulg ~EG o 2 150] HFo| o u Soll vi-g- A ghatrt

o] A5 7} Ak Bdo] ") el A 2ol &

A& o] &8 Ag- TF 2lwol o8| LAY E = o] 2 Ed o

o3 17 39] F RIAR 22 A% 9 A HAR 52 450 5@02 \(

o]g)) wute] N FE FRE 4= gl EAVE A § so0 (
9] FAIE sldst] flal el s ol 8st] 55 AE § w0 [

shupae) NEE BRI AL AT AL NPT F ok 2 ||

718kE)3 A B ol & B4l 2 5238k Alte] wl$- w |l /2 LA

2ojA) ANt 7 AuE Tl A9l Aaax Lo Y (VN Al oAl .
= A7 O] A S, ’ N Breathls;\ Rate(breathgsﬁper mmute;w ?
Qo] BE EAlE AER AHS VYo 7 Y] BEs a8 3. 55 Also| Fai AmEs

o]-g38t A9 B sl do] 7Fssit) AER Al 7k A 4l Fig. 3. Spectrum of breathing signal

T 54 dagSES 19 49 22 2 52 FYEth
ADCE Fa 5 Al vl de] A A% 100Hz 4 11

£ Zr‘“ I PA 02 F3]o] Hu, % 712 *c‘i%% AlZdel A | ADC(Sampling Frequency 100Hz)

Array(L, S) size

== 2048 Add(L, 5) ADC Array ‘

2048(2”)71H AOVEL - 517] A A ao_a dlo]¥]
& v, 2048709] lolEl7L P A F daelFo] B
_10}_7_” ?_]E]— L Array% Z_] ]g] Aﬂ%%} ];ﬂo] Eﬂ% ;qxol—gl_‘_‘:_ ‘ Read(L, S) ADC Array H Fourier Transform(FFT, S_Array) ‘

g2 oF20% B2t glolHE -3, 20 Fot dolEE

‘ Fourier Transform(FFT, L_Array) ‘ Get the Breath Signal ‘

7ML i ettt S Amayt 8 F719] AE dlole] D e
E A &sh= vlE 2 ADC HloEl7} =1 = wnlc} v o] dlo] Get the Breath Signal Band Pass Filter Applied
1 largest peak in the spectrum) (09 Hz ~ 2 H2)
EERREF R 1
= =25 21710 & 1 Band Pass Filter Applied ‘ ‘ Get the Heart Beat Signal ‘

E"O]Ei 7]' 5 Té 73 4 ‘/] —Lixﬂj\i HH oﬂ b AT ‘ (09 Hz~2Hz) (1% largest peak in the spectrum)
dlolHE o]8ato] FFT= T3/ k. FFTS Faste] 2 ‘
A A Y 37 L T wejolde] suEdoR L e pe e pocumy | |2 Vlas_reath, S et s

FFo] Ak Fuh vQlell ] d¥ §t T Mag. gk 7|t
o2 xFoll FAE = I whe FE8H H, o] o AdEE

Average output ‘

Save Value(L_Breath, L_Heart Beat) ‘ (Breath: L, S, Heart Beat: L, S)

= 715 Mag 7F 7P 2 x59] #holth xF9] 710.025% SVt ‘ l —— ‘ S forar i ‘
== = o — — - Long Sampling Array Initialization Y

7FHH, =9 xF9] gl 12e]gke e0olehs ks wdk A I

o] jg_flli %%‘Q(ﬂ E/\]ﬂ' lﬂ\jr 1% 39] 753]—?‘ X%-o/] %)\"?: ‘ Shift number++ ‘

0.125Hz7} W2 “Ejolm, 609] #ho= ek 8] v FElE
CFERT 1 5 0.9Hz ~ 2Hz Afolo] Fhe i) 2o o s

Mag#t?} T35 3= § 5L IS ARgsto] Wuhs
Zz517 "ok ]9} 7ko \:ﬂ-}\] o= ¥l 5012E ADC A& % PR—— ‘
£ AEH o2 F7HE s Hi= S_Array W= 53 579
SHA| Tk S_Array©] #ke] 20482] 7%k o]Fo] Fo] A= Ready —
Ao B 27137t | A darelse AAVE 278t
I 4 MEY AF JU ME A Y LDRIE 2ME

A= SHE 7o EXLQ 2= 3] =]
Jel A5 2 e skl Fig. 4. Flowchart of biosignal measurement algorithm

ol A AR ST A 7N A bl e AR based on sampling point
A AER A D= AEAE B2 A B B
o s 55 9w N5E 92 5 glow, 71 AEY Hlo|
HE Fsks Il BT = e ALl s ek &
S AET A 7Nk F2 3hs FallA Has) Sl ol

https://doi.org/10.12673/jant.2020.24.4.322 324



o=
ek %ﬂﬂz o] H]L EH
VS-1008F =&
/‘E A AR Xﬂ—a—é
= SharpAke] DC6MAIN30007]7] =
AR & 987
ghol Wute] 28 HAs)aL, T 1
ZAs= BAS A gkt ea Sharp/\}O]] A xﬂ
Anls L2E 4850 4] Im el 547 ]
3k 3 23S sl om, B =T E Bs g2
o] B otug|Eg 283 T2 IS FAAA
75"0—

me

S, {830}

Uepd Aoltk. 18 6 AL 9)3)
7+ sharpAloll A Al|l-&sl= AA] Al

1

[e]

RS

4-2 8= 97}

AL SharpAt AlEe] ZR2 o] 15Zmit) Z32le] 7]
wzel] 152wk 7841 5= ARl 5] dlolElE nlaste] 31
YAk

Breath measurement

Medical Equipment
(Pulse measurement)

measurement environment

O3 5. dAAMS HE At
Fig. 5. Experimental environment of bio-signal detection

‘??819“38968 [ Df; ‘1?1‘237‘
o [E]% ]

L&H%%H%E&MMMMMM@HMH

Data Graph

fes=ss=s=asnasansss| R
s —
H L Y A T Y O
g 6. ME23 du2|50| HEE =2

Flg 6. Program with sampling algorithm

=Eg 8ol

325

Al 71gte] dH M e

2 Wave Form - o x

Ampltude

Ampitude

10000-

o |~ [ | st

33 7. SharpAtel &8 ==
Fig. 7. Sharp's commercial program

ih)
i)

m et

2

& SharpA} JAES
AR le] ul 715 ok 20 A
Eaality 161»}%%%01%1 xﬂo = o}
$ <A1 AR A AEE D
Ef‘% 7V T4 BAE= 0 A= 4724 7|
3 975 7]7]9 v $- WA %)\.
a4 9= SE5TE u] 3k
Siich A AL
2ol A Algket 2k

rlu
)

X
o oo o

=¥

go}

N, iy
:{g
L%r

Wi
]
N ——
*z
ol
n@

© Blolg gato R
R Rl AR S
2 Aokt o
dlo]El7} 15}

mﬁ

18] Ze(73-83) L 98 7]7](72~89)/\} 19]

Al 5, 2Pl 7} A WA= 342 89 ghS 7HAI=tl 't
o) ShapAte] Al2E1S Hg8S i el @Ak wags)
o, o) 499] QAP M= Als & = QlTh
O3 8. Z A|ARI0A FZEF dko| dH|w ZIWETEXL A)

Fig. 8. Comparison results of pulse extracted from each

system(Participant A)

www.koni.or.kr



J. Adv. Navig. Technol. 24(4): 322-327, Aug. 2020

——Medical —— FFT_Prez Sharp

a8 9. S59f Hlw Znt
Fig. 9. Comparison results of breath

Heart rate

T8 10. 2+ A[AElofA &3 gto| vl HIWETIAL B)
Fig. 10. Comparison results of pulse extracted from each
system(Participant B)

E 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

count{10s]

e [ B3| e FFT_Prieg
a8 11. o2 7(7[2f Mot yna|Fe| Wek =X H|1(0.5m)

Fig. 11. Pulse measurement comparison of medical device
and proposed algorithm(0.5m)

5 6 7 B 8

—edical  ——FFT_Preg

a8 12. 9|8 J|7[2f Mot 2hz|Fe| Wt £ H|uw(1m)
Fig. 12. Pulse measurement comparison of medical device
and proposed algorithm(1m)

https://doi.org/10.12673/jant.2020.24.4.322 326

T8 13. ZH A[2BlollM FE3EF Wdto| bW HINEIIAL B)
Fig. 13. Comparison results of pulse extracted from each
system(Participant B)

o \/’\,,_,u-—w,__/\\,/\\—_/,v‘//

T8 14, Z} A[ABloAM &5 ato| vjW HIWETIAL B)
Fig. 14. Comparison results of pulse extracted from each
system(Participant B)

= X § AFS g 23 71E A 2ol 1mell
8k 5 Waskoih 18 112 0.5moll RES x|
F 10z Ao 54T ddw F 54 AAHH oF 4%

g Axolrt. AF A3 0.5me] B9 =
o zpo| 7} AEA Y, AL FolE
~ 60| 2] zfo] 7} sl |
= AS glE = 9k 19 13
Ebdl Zlot}. 0.5me] 7§ Znk
2t Qs 54T 49 18%
o HE] 92 ~ 100%2] e
1m2] 7-9- 93~ 100%<] 7
. o] AyellA Zzt st
2 omn, 7|&

(
T

=2
Lo,
2
N
)
®
N _1‘_(‘2‘
)
S
o,

i
3
N
-
;
&
_FE
rl
©
S

=

o
H
Mm JO{'
%

~
i§
N
N
>
ko)

=

m e —
JO
o
iy _}!}?L o
>N il
m?c;ﬁ\l S
o 1
-0,
: 3
)
4 Jo He
ol

o
2
of
o
&
b4

yo H
o

dob o o 2 M= H O oo o NN o

ki
it
o
X
ol
W
o
il
Joty 1
ro,
ek

d

94%, 96%°]
o] ABA| A% A 1) ik

i
= 3
X
fd
3o,
[o
[o

[y
)
o
B d
P> M
folr o

e o,
e
o ¥

1t yo
32

30,
dlo
flo
Jo

f
i
M
2
X
N

I
o
20
>
~N

I, o
ol ;
Jo rir
i
N
g
2
R
K

4 lo it

o M
> &

By
tlo o o

Pj.
e )
5 ;gg
o L g
o
) N
e o2 fo

Lo

il ok
JH on

T
“a
2
Pkt g
N
N
fz
Kv)
e
N

O X

Y

lo mu wp
Ay
N

2, 0P
) i}

o T
o> g

( nm 1-011

o
J
ok
e o
rr
oz 1

(E
ot M

N

e o

o oo =
o
T S
38

o

et
[

ﬂlmgog":
N
s

e 0
il

o
>
e
e e

fr

2L

%

o

=

o M
N,

2
Y
ot

2
=}
o

dlol8 & #1783k ujd

=
o



H

P\t ke A A5
H, EE EE 42 o

S Sk 2=
1% 4 g9l

Acknowledgments

o] = 2020 % 7SN S st W wSAT7]

S Aol eJsto] ATE A5

References

[1] M. Z. Poh, D. J. McDuff, and R. W. Picard, “Advancements in
noncontact multiparameter physiological measurements using a
webcam,” IEEE Transactions on Biomedical Engineering, Vol.
50, No. 1, pp. 7-11, JAN. 2011.

[2] W. Liang, J. Yuan, D. Sun, and M. Lin, “Changes in
physiological parameters induced by indoor simulated driving:
Effect of lower body exercise at mid-term break,”
International Open Access Journal of Sensors, Vol. 9, No. 9,
pp- 6913-6933, Sep, 2009.

[3] M. Miyaji, H. Kawanaka, and K. Oguri, “Driver’s cognitive

S X = (Jae-Chun Ryu)

= ol ZEE ol 2T HEE

Al 7|te

=

S
i
>
fol:
i
0
e
kl
u
Jilp]
=
nx

distraction detection using physiological features by the
adaboost,” in Proceedings of the 12th International IEEE
Conference on Intelligent Transportation Systems, St. Louis:
MO, pp. 1-6, 2009.

[4] K. Jiao, Z. Y. Li, M. Chen, C. T. Wang, and S. H. Qi, “Effect of
different vibration frequencies on heart rate variability and
driving drowsiness in healthy drivers,” International Archives
of Occupational and Environmental Health, Vol. 77, No. 3, pp.
205-212, JAN. 2011.

[5]1H. S. Shin, S. J. Jung, J. Kim, and W. Y. Chung, “Real time car
driver’s condition monitoring system,” in Proceedings of IEEE
Sensors Conference, Waikoloa: HI, pp. 951-954, 2010.

[6] G. S. Yang, Y. ZLin, and P. A. Bhattacharya, “Driver
drowsiness recognition model based on information fusion and
dynamic Bayesian network,” [International Journal of
Information Sciences, Vol. 180, No. 10, pp. 1942-1954, May.
2010.

[7] M. Patel, S. K. L. Lal, D. Kavanagh, and P. Rossiter, “Applying
neural network analysis on heart rate variability data to assess
driver drowsiness,” International Journal of Information
Sciences Expert Systems with Applications, Vol. 36, No. 6, pp.
7235-7242, Jun. 2011.

[8] M. Mahachandra, Yassierli, I. Z. Sutalaksana, and K. Suryadi,
“Sensitivity of heart rate variability as indicator of driver
sleepiness,” in Proceedings of the 2nd International
Conference of the South East Asian Network of Ergonomics
Societies, Langkawi: Malaysia, pp. 1-6, 2012.

[9] G. D. Clifford, “Quantifying errors in spectral estimates of
HRV due to beat replacement and resampling,” IEEE
Transactions on Biomedical Engineering, Vol. 52, No. 4, pp.
630-638, Mar. 2005.

19994 28 @ SHEY|sUSHstn HE SIS (SEHA})
= 2003 28 : sET|snsHetl MI|MAS D (ZEHAAL
' 20164 38 ~ #A : $27| WK D M| MRS A S} (SSAILIY)
2007 8¥ ~ 2014 2¢ : L}fFE o} A7 AF
20144 28 ~ A : S=EeHdis HFAHA HESMAARD x0
MEAEOL: HAIR Y, CIX|ZEESAIAR ) 2{MELAIAR
0] M 2| (Myung-Eui Lee)
198514 28« olstthstn M| F st (FEHAL), 1987 28 : ¢lsiol sk

19914 8¢ : olstrishy 717] & HMof (ZakakA}),
20044 18 ~ 2005 12 : U.C.Berkeley 24l m=
1995 9% ~ §IA| @ =7 s WK tw W

HEALZOF: HOAIS AlAE, A2

i

>

327

LSZEL0f, fIESLA|

717] & Hlof (SEHMA
ol

1995 8% 1 % Padelodal

AH|
==

www.koni.or.kr



