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An Improved Algorithm for Respiration Signal Extraction from Electrocardiogram
Using Instantaneous Frequency Estimation
based on Hilbert Transform

PN AN & TR

(Sung-Bin Park - Kye~-Hyoung Yi -

AN

Kyung—Hwan Klm Hyoung-Ro Yoon)

Abstract - In this paper, an improved algorithm for the extraction of respiration signal from the electrocardiogram
(ECG) is proposed. The whole system consists of two-lead electrocardiogram acquisition (lead 1 and II), baseline
fluctuation elimination, R-wave detection, adjustment of sudden change in R-wave area using moving average, and
optimal lead selection. In order to solve the problem of previous algorithms for the ECG-derived respiration (EDR)
signal acquisition, we proposed a method for the optimal lead selection. An optimal EDR signal among the three EDR
signals derived from each lead (and arctangent of their ratio) is selected by estimating the instantaneous frequency
using the Hilbert transform, and then choosing the signal with minimum variation of the instantaneous frequency. The
proposed algorithm was tested on 15 subjects, and we could obtain satisfactory respiration signals that shows high
correlation (r>0.9) with the signal acquired from the chest-belt respiration sensor.

Key Words

LM B

Aot AHpolysomnography) & 9 F 2HE, HA
=, ’HHE A=, G, F, 2R, A £F 58
Al SAstn E4te AR, AH $HE L
Uobzt ndd, A4S FAH 4°‘°] % T
F 3% %(sleep apnea) ¥ -r“*zali'r«]

F3t7] Aste AgEn o] F i%"‘l
%"ﬂ AolA HAAHA FRE APt
&4 7374]94 7] ’51“ 1—]51- A E%ﬁlﬂ

0 02-_’
ol p0
ol pgt

10 go

fol o>'
B M okt 1o oX o mx orfr o o

> T2

% o g olN
fol
o
>
ot

"
ta

Bl -,~

o ﬁ o

e

ok L
N
_&:
_&
>
}Ol
ot
é
o
e

lo (&

Ll <
2
Mo

9&':‘.

oft 4
Lo

a

%
2
ﬂ).._‘

o
[
S
32

o ne

o
>

M

RS

3
1o

Za4e Adoh dume

o &
o}

- "
N

=]
=
X
r

ot
>
o ™ ol

)
A
flo
f
2%
o
oM (-
S
ox
‘(3_14
rir
k)
il
2
re
[ ok
y
o
N ol
e m‘xol'

_QL
L2
o (g L —
i
4
Wl
i
ooy
)‘" Nl
2 (o
_‘L
e 2
i)
i)
1>
)
i)
A=)
|
i
|
N

2
o

o

rlo

o,

o &
et

i

o

fo

+

N o
]

=
i)
&2
rlo
m)'vl_,
do
oX
M
to
&
o
o
)
u
X

2 1 oE
o
rl

)
il
ox 4

L)
e
2
&«

p
te
i)
7l
o

| N o oo o0 ok g de (o
r_JE

."Z. ot

A A

—-'

, E@R EHR B AR Bt - LB
E-mail : khkim@dragon.yonsei.ac.kr
TOFE & Btk BLAH M
" Fﬂ’#_@ B e A B AR REALRFE
TE & H A B UEVRE R8T - 1AM

HAH 2004 7H 51

Ie#&OE £ 120045 8)1 2311

. EDR, Hilbert-Transform, Instantaneous Frequency

R R ERE e
Haze st AraToRty &
g HAERRE BF

lo
aor
i) E
z o = |

A

(R ool 1
o e B

o} Alg=EATH56] oletd Pz
7188 AAxe A7) FF 43 A% (mean cardiac

fff Jo o> rn o
2y
H
2

electrical axis)®] 3] g WEE FLAIER ol E
01%3}"‘1 TEANZE FEE F Ut o] HYe Ad: &
]9l°l] HAEQ &4 st=dolE "ag 8/ gers
FAW olv]et Aol % FE(60Hz B0l AT AS
9} T3gol AeAT AdEe QRS FEY 2o o] §l
v Zfede 71EY WHREg g e 2FEATY EFFH0]

7158 x5 gtk AAE §5 5FAE (ECG-derived
respiration signal: EDR)®] A& sl g E2 71A
U Z Moody 5ol Aete F 719 ©E9] no i3t oz
24 = Wio] gdg o] 7)ugk Wy S ‘3]
&t 2 53 Ao R HuAEATH45] 2y of W
k=3 3 2 FAFA Mo B UrA(FA 55%
A 3F ) A7 943 ¢ AR wel 5F)
AAEE HzAIE P4 29 dAAzdez = 19
A II7F Austz goemz A&d(7], Jgae] et &
Q) &
2

3

B

=

>
jor 2 I
u
-3
op
e
o

geo i3 fx SFN3 Bk 238 o EXo) Eof
3ENZS 1 /A R
[ 8= I, ol EtxE gt 2 of
AE gos TFENITE 58 AAANE ARt 3}
€ HE7H eye-inspection flo] AF3d U3

ojs} F8s|ojo} Fhrl

oA d= 1 ¢ I8 58 4a=

o
rz
fols

N
=2

73, Wik

UuE Waol e 2250 FHE 0|83 MME ANE RE 3845 & YIS 733



B[AP MRS 530% 105 2004% 108

P E(median filter)E A&3 7134
o|FHA L o] &% HARAY ¢ 3431
oz 7HY A2e AAEAW %
Argich FeM AHEF 5FNE
TAE NAsr] Yslo, 354
HA dojuyxA] Eon HEX 23
“Vé’z}oi T:_" z:‘}ff—‘] ‘*‘E}% i‘il

A7, Rt A%,
49 5ol 2y

o g
.n °*“

ol {
. P
e
mg
k!
_Y‘_‘.

o f4°"
iﬂf
0
x
'E T:
w
A e &Y
N
m o o
Iy lo o

r = g

1 3. (narrow band mgnal)a}

g o)l &8 £UF

Ao 2 4 3171‘1 A A V:l o2 5‘1’519] grg M9

E uyg ahsigoh Agd Aduyye HrrE Asid

Ax el FAlY ZHdE FF Y79 HzdEs 4T ¥y
%‘ )

)—Ez

g

d

(8 A &)} EDR N3 E vy 1589 H3
o] Hgg An, FHUER 24Hd TFNI9 v2IA
S m A#ASF 09 o3 B2 FANE RE TFNEE
AFez 22 F AAY

P =R At 4nYFL olNdE TF FEE A
g AAE A5 HHAMA A dHeole F& ALFeR
A g A S o, WA AL Huto] g ol F
FAFL AgozA AA 3F ANFd g HAE NS
2% 5+ YdE AL g £33 EDRS A% 2Eg
Q HZHE o) 43 AAze U} MEY FoFE AL
2 gt AGHoMe TFENT ARG obYe}t Alxd
payy Fa JQdNy NsHee gL A7 J&E
ol 3EANZE dAse ALE & e FHEE RHen

21 M¥E 719 SEUNS F& S0 F

// ECG 2= L1 /
JT
O HE® QIBY FIKEUE BN J
| =y
] RII 2% R 72 9% A& [
By
, IO CIERT U Hit NESY K
A JT
CHLHE (8% do ¥ RS0 LakE
A RA
JT

fum:en velE 08 Y 49 {
J5
( eorasasx )

a8 1. AMTE 5 EEASEDRIR XMezlnH
Fig. 1. Procedure of ECG-derived respiration processing

A Nzge ge [ e §¢ AdsE &4, vt 4
E3g ol &3 7140 HES A8y A% dA2, dd=

734

2RYH RY} #& 2 BA A, 7 449 QRS EI2
7 WA o|EHTFE AN ¥ Aax 2Zeglol B 7Hcubic
spline interpolation), += & 43¢ DC ® AF37 A&
& AAF7 A% dFdFdA M, 282 YHE BHS o
23 £ Fo4 49 olo EEHAE ATz e |
I % olZ2FAHE F HHe] AdS ddsls FEER T
A 29 19 1474]2”1 EEZEE TAEATH

g Ee AT 2 HES disted FAEYS R= 16
o] JA HEAZHEE /37‘45 (F=1%9 1 ¢ 384
(4 2 ZAHAY)E ééﬁ}?&ﬂ} 7‘**]”% o

EEL’H'oE

A58 FEsE A9, HHEY 7R
B 33 oA 43 2 Feel @
CAdes JAA WEE AASY sdsted AgRE

ELVIEEREERE £ I

A et
P A Bz Frg AN 5 g =3 dojBd
AR 2F80Q IHE l% 717 AAE ddes 4
5

et vyl Utk o
e Hon), £4%
5 AAE fstel AL
s}am Mtk Belgel —’Hﬂ«‘! ARe Gew 2ok ¥

4 9% Aols AE9E YPNe) HgdHe o YRS
uu Z WEEE A7)9 BY Fht By Pk o2 A
Mg ¥, 34 @ Cloehe ANRY wWde FA go
2 gAss Ao 4 ()% gol @V

_L.a
r>~
rE L

=7b we dud dHE

v(n) = median{y(n)} (1)

A7 y(n)& o] A= e JdAE ghold, vin)&
et "o 23 Feldh F, 0176_ & a(l), a(2),
a@d),., aN)& Zvlel ¥ F7t £o2 o 43 2ol A
Wgsact st

a(l) < a(2) < a3 < - =< a(\N) (2

ol#l Wiet ey g2 A (29 Auide FHA
(Mivigh e = Neo| E5d B¢ & o F$=2 vhyo] 4
(3)7 ol FaIE]

v(n) ={a(””“/” N=odd &)

N/'Z)+ G(N/?+1)]/2 N_ Eeren

:2

B dpoaes 94599 ZHols A¥HY WHE §3
200282 Aatgch 2y 2+ duddel o o5t g34F
oz 714 Ee] AAY & Joks AMEE BHF Yot
I 2 (@F 71A4 WEE Edsie AR Az, e
wcjer Ag o] Az oA JHd wEe =y, 1
Fi (o) (a-b)E 71HA HFo] AAg AddzAEeojrh

<



— R
|
)
@ | A La 5 |
A
b U LN D) --4a L’ l,u k
3 r\r’
W ; R L ;
ot
o Z
(b} ‘“. o P NG
]/ — - ‘/' N /’\/’
R N
= = 7 i
vt
o} |
o i
fdf LAk Aoy ‘/-» .. bl ’»J‘-}L!J/ LA
|.l

ag 2 oiciet gefel Maluy
(@ 7I™d g0l ZaE A M¥Z ME
£ 0| 83510 78 /MM ¥E nty

r

(b) oilc|ct HE
€ 71X wisol HrAHE MF
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(b) baseline wandering waveform by median filtering
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Table 1. Quantitative comparison of signals between thoracic belt method and ECG-derived respiration
3 58X o039 bpm) 2
A8 | saaey UNE g5 g8y | o GEAT
"Rl EET [ d=m [ dudEe | e=1 | de=m | gudE

A 222 22.2 22.2 22.2 0.95 0.78 0.94

B 9.3 9.3 9.3 9.3 0.90 0.74 0.90

C 16.8 16.8 16.8 16.8 0.59 0.90 0.58

D 9.7 9.7 97 9.7 095 0.84 0.95

E 183 18.3 18.3 183 0.85 0.51 0.86

F 231 213 231 21.3 0.93 0.85 0.93

G 187 18.7 187 18.7 0.90 0.50 0.90

H 17 11.7 117 117 0.90 0.81 0.90

I 186 141 186 141 0.64 0.80 0.63

J 19.2 19.2 19.2 19.2 0.38 0.61 0.88

K 14.1 141 14.1 141 091 0.88 091

L 15.3 138 15.3 13.8 0.71 0.63 0.75

M 20.1 19.8 19.8 19.8 0.72 0.44 0.72

N 15.0 16.0 150 150 0.95 0.79 0.95

o 13.2 132 13.2 13.2 095 0.86 0.95
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(b) standard deviations of variations of instantaneous
frequency for each EDRs
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