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Respiratory rate extracted from photoplethysmography signals by using wavelet transform and
fast Fourier transform
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Abstract: The respiratory rate was extracted from the signal of photoplethysmography (PPG), which was a simple, high
efficient and low-cost method for respiratory monitoring. Respiratory wave and PPG signal, which were respectively acquired
by temperature sensor and transmitted optical-electronic pulse sensor, were recorded by multi-channel physiological recorder
simultaneously. PPG signal underwent the decomposition with nine-level by using wavelet transform, and the detail signals of
ninth-level and eighth-level were decomposed to obtain approximate signals. The obtained signals were rebuilt, and the sum of
the rebuilted signals was respiratory wave. An improved fast Fourier transform frequency estimation method was adopted to
extract respiratory rate from the respiratory wave. Respiration rate was extracted from 30 PPG samples by using the method.
Bland- Altman method was used to compare the extracted respiratory rate with the reference rate obtained by temperature
sensor. The comparison results showed the two respiratory rates had a good consistency.
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Fig.1 Block diagram of experimental device
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Fig.2 Respiratory wave (up) and photoplethysmography
(PPG) (down) signal

1.2 M\ PPG H 2 BXPE IR F

XFF—ABei AT BRI R f(¢) e L7 122/ N
A ) B SUJR: O —JEA /N PRER (o) TEREANL 7 J5
FHEAFNEE a T SR E S f(¢) R

WT(a,b)= % [ f(t)go[?)dt,a >0 (1)

/N7 R - A BE /N AT DUSRARHE 5 i st ]
R T3 2 4 0 N 1) i B (B8 Y RS ) AT DA
FUE T R EE . I H AR B8R 553 9 A 7] o
ORI, R AU 4y, RS TR HER A  , Rh m A
AR AR A3 AR Sz, 3R S 3R A
15, B )RR AR

HY T3 2 /N TU AR MK, 7 S B iy e 2
AR AT — R 5, BP S 1o b 3 40 R
KFf:o=2" ,b=n2" ,HA mneZ o W/NIERECH

,,,,, e..(t)= 2 o(a"t—n) (2)

%IA%%/J\&WﬁEUﬁﬁiﬁ%%ﬁFﬁ?ﬁé?ﬂi%%,
L A TSR A SR IA TR, A B 3 R . Hirp
Approximate signal & i {L1155 5, Detail signal >4 417
{555 o /NI AR — M5 5 A WS 53« T A
SHIERUE S W ESEE TES RS, ik
ME S8 TR S B 4. 20k T LAk AR,
B FEAT Z 9053t o Q2R HOGHIR o o 98 47 3% 22 41
fiff , HURT LAAS BIVF 2203 HE AR AR 73

R /N AR 4 3% 22 53l — 4~ PPG R 5 255 K
J2 G2 BRI 431 149 00 238 5 I R A0 238 31 [T KT R )



LR BAZRC, A, /N AR,

A PR LS e PPG HR R BRI R

_41_

3 VRS RRHER

Fig.3 Diagram of wavelet decomposition
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Fig.5 Rebuilt signal of a9, d9, d8 and a81 from up to down
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b: Actual measured respiratory signal
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Fig.6 PDR signal and actual measured respiratory signal

Note: PDR: Photoplethysmography-derived respitatory
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Fig.7 Simulation results of frequency spectrum estimation of

correction algorithm based on fast Fourier transform
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Tab.1 Results of respiratory rate extracted from PPG

Sample  Reference respiration (Hz) PDR (Hz) Error
1 0.283 0.279 1.41%
2 0.267 0.271 1.50%
3 0.227 0.227 0.00%
4 0.333 0.330 0.90%
5 0.233 0.229 1.72%
6 0.367 0.362 1.36%
7 0.350 0.352 0.57%
8 0.217 0.216 0.46%
9 0.283 0.286 1.06%
10 0.233 0.234 0.43%
11 0.300 0.294 2.00%
12 0.251 0.254 1.20%
13 0.317 0.318 0.32%
14 0.271 0.270 0.37%
15 0.310 0.312 0.65%
16 0.171 0.177 3.51%
17 0.250 0.248 0.80%
18 0.242 0.245 1.24%
19 0.322 0.320 0.62%
20 0.261 0.267 2.30%
21 0.257 0.259 0.78%
22 0.150 0.159 6.00%
23 0.168 0.174 3.57%
24 0.337 0.341 1.19%
25 0.263 0.260 1.14%
26 0.225 0.225 0.00%
27 0.213 0.218 2.35%
28 0.172 0.164 4.65%
29 0.268 0.271 1.12%
30 0.232 0.228 1.72%

Average error 1.5%
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Fig.8 Bland-Altman plot for respiratory rate extracted from PPG

and actual measured respiratory rate

34 8

ASCHEXT PPGAF AT 9 )2/ INB AT B B A 45
e i R LU0, O F P RACE ) FRET BERA T A A
A G E G N e TR IUES € S e 2 A A
LS IR BRECECAnn 0 S &, S SR e
M A ey BT B 101 S =t BEAH L, B A i
1R A, AU Rt A2 S (S BB ] o 58 PP R 3R L R S

ML SR E A5 22 TR b 4 M 0 , 1 R I % 3 257
o 18- S SG4TSR

(5% 0ik]

[1] LINDBERG L G, UGNELL H, OBERG P A. Monitoring of respira-
tory and heart rates using a fibre- optic sensor [J]. Med Biol Eng
Comput, 1992, 30(5): 533-537.

[2] JOHANSSON A, OBERG P A. Estimation of respiratory volumes
from the photoplethysmographic signal. Part I: experimental results
[J]. Med Biol Eng Comput, 1999, 37(1): 42-47.

[3] JOHANSSON A, OBERG P A. Estimation of respiratory volumes
from the photoplethysmographic signal. Part 2: a model study [J].
Med Biol Eng Comput, 1999, 37(1): 48-53.

[4] CAGGIANO D, REISMAN S. Respiration derived from the electro-

cardiogram: a quantitative comparison of three different methods

[C]. Bioengineering Conference, Proceedings of the 1996 IEEE

Twenty-Second Annual Northeast. 1996.

M, B R S SRR RAZ ey R )] AMESF T

A2 2 &, 2006, 23(6): 1202-1205.

ZHAO J, HUA M. The Algorithm of extracting respiratory

information from single channel electrocardiogram [J]. Journal of

Biomedical Engineering, 2006, 23(6): 1202-1205.

[6] KIMJ M, HONG J H, KIM N, et al. Two Algorithms for detecting
respiratory rate from ECG signal [C]. World Congress on Medical
Physics and Biomedical Engineering 2006. Berlin: Springer, 2007:
4069-4071.

(7] FakdF A THRIGE T OARERRIARBB R [D]. o RiE: o5
RiE I X%, 2010: 26-36.

HUANG J P. Human physiological parameters extraction research
that based on the pulse signal [D]. Harbin: Harbin Institute of
Technology, 2010: 26-36.

[8] LIJ,JINJ, SUN W, et al. Comparison of respiratory-induced varia-
tions in photoplethysmographic signals[J]. Physiol Meas, 2010, 31
(3): 415-425.

(9] Z308, M ALK, XA8H. A T EMD #9353 58 & AR F o
Tk B G EARI] MR ES S ES T4, 2010, 23(4): 279-
282.

LI W B, CHEN Z C, LIU F B. Extraction of respiratory wave from
finger tipphotolethysmography signal based on EMD method [J].
Space Medicine & Medical Engineering, 2010, 23(4): 279-282.

[10]3F = &, & &, Ik, 5. AL T b fo Bk S8 RR 609 nF R F 4%
H[J]. P E A E S DA IR, 2012, 31(2): 211-216.

DENG B Y, PAN Y, DENG Y, et al. Estimation of respiratory rate
based on data fusion using electrocardiogram and pulse wave [J].
Journal of Biomedical Engineering, 2012, 31(2): 211-216.

[11]LAZARO J, GIL E, BAILON R, et al. Deriving respiration from
photoplethysmographic pulse width [J]. Med Biol Eng Comput,
2013, 51(1-2): 233-242.

[12] B340, 2K, %1%, . AT PPG a9 FAonf o0 5 69 il B #F
0[] R FH K, 2011, 37(3): 309-312.

MAJ L, WANG C, LI Z J, et al. Study of measuring heart rate and
respiration rate based on PPG[J]. Optical Technique, 2011, 37(3):
309-312.

[13]JACOBSEN E, KOOTSOOKOS P. Fast, accurate frequency estima-
tors| M. 2nd ed. New York: John Wiley & Sons, 2012: 135-145.
[14] NILSSON L M. Respiration signals from photoplethysmography

[J]. Anesth Analg, 2013, 117: 859-865.

—
al
[l



