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Study on Non-contact Pulse Rate Measurement for Breathing Estimation during Sleeping

O PHREREL, RTHHEE, KBFE—, BB (B KRSE)
Takashi ITOH, Yuka MAEDA, Koichi MIZUTANI, Naoto WAKATSUKI, University of Tsukuba

Abstract: Sleep Apnea Syndrome (SAS) causes various diseases such as circulatory disease and cerebrovascular
disease. The number of SAS patients is estimated millions of people scale. Therefore, it is important to develop simple
and contactless examination at home. The heart rate variability contains the rhythm which is affected by the breathing
rate. For these reason, it is possible to estimate breathing activity during sleeping by the heart rate variability. Using
infrared image is one of the methods for contactless pulse rate measurement in the dark. We experimented in order to
investigate the influence of breathing arrest on pulse rate estimated from the infrared image. 10 subjects participated
in this study. Subjects was asked to repeat 1 minutes resting state and breathing arrest. Arrest time was increased
by 5 seconds each time until 20 seconds. As the result, we found the tendency that pulse rate was increased at the
time of intake.
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Fig.2 Schematic of pulse rate estimation.

DAEMO R ORI L D LAREEIL, ShEEfis Lk,
WL IEIX R & 2 WSO X &S 5 7012, BERFIC AL v
F R, WREIEORIZA A v FE2RBIL T2 X9 IR L
Fo. WG ORI BN 2 1R L, BB OB o fEI 2 Y L
7.

EED 70 b aL% Fig. 4 (RT. 1 5O LZERRE & 170k
1k % 8 0 R L 7508 & WRIR A (I R 2 4] 5 s & ¢, IR
Wi RIS 20 B & 2 2 £ T OBBEEDIET. D%, 3t
MBI & 1 I RHREZ TR L, T 5 P o IEkis

705

2016 9 4 ~6

IE%ERT 2, HE 1 SHOREREZ R L 2% 10 B
WEIRASE IR % HE R L 7. O R MRS IRRERT A 20 B L e B &
THEDIE L7z, B2W-o Tk 7K L hnCihd 72’2 ik $ 3
7o DIZFHINE S BERF I 2 T > 72, 1 WHIZE 2w 74k 5E
TOMIREIEZR L. 2 BIHIZEZ K-S 72 RETOMIRZ ]
AU7-, DR, iz dEBe 1, BEE2FER 2 LR, kB, AE
B RPMBEEECDOEREZ, TXRTOHEREL S L ~
J7xA—bL¥Farviey b EELBICHML /.

4. iR

B3 DEHTIZIE Matlab 272, % 2 BB IR\ O
MO IZ SRR 7 — 7 Tld ez o, SIBFRIC X > T
3 Hz THY v 7'V v 7L, #ilz1T-> ZIRI\EBDOBEIED 10
BoroXEE s FEE2RIB L, Zhe 1y 7Irdo
F5 LANs F—yekichiz»>TTw, BonkIfREH DM
HER 722 DI ZEAL DI Do TR - X[ & 2 o fo X [T
DL E T > 72,

F 7, WREE IR & BN, IRMEBIO BT DI b,
RIS MG B OHIRICEHN S L E A2 5N D, Lo TAPFE TR
IRIGZ B % 0.15 - 0.5 (Hz) DAY FAR 7 4V ZITEL,
MR AL 11 X R & 2 DAt X [T e % 17 7=,

Infrared Image

ROI

[]

Electro-

cardiograph

ADC

Switch

Fig.3 Situation of experiment.

Breathing arrest

Resting
state

Resting
state

Resting
state

Resting
state

| 1 ] ]
LI 1 1
125 135 195 210
Time [sec]

|
I I 1
270 290 32

60 65

Fig.4 Experimental protocol.



L2016

IFE

=) a) Heart rate

3110 @)

2,100

2 90

S 80

+ 70

S 60 1 1 1

é 0 100 150 200 250
Time [s]

(b) Estimated pulse rate

L L
150 250
Time [s]

1
100 200

Pulse rate [bpm]

(c) Std of estimated pulse rate
| | |

£10 —
g 5t
—
o O
- i) 0 1 1 1 1
532 0 50 100 150 200 250 300
Time [s]
= (d) Filtered pulse rate
'-%‘ 10 1 1 1 1 1
R R
g of 1
_ifb) -5 1 1 1 N 1 “I
£ 0 50 100 150 200 250 300
Time [s]

Fig.5 Typical example of result of experiment 1.
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Fig.6 Typical example of result of experiment 2.

Table 1 Error rate of experiment 1 (n=10).

Subject No. 1 2 3 4 5 6 7 8 9 10 Average
Error rate [%)] 530 2.76 9.38 434 366 328 434 586 493 6.05 | 4.99+1.78
Error rate of 0 - 60 (sec) [%] 478 292 144 3.00 3.01 342 213 4.67 4.74 722 | 5.03+£3.42
Error rate of 270 - 290 (sec) [%] | 3.10 2.07 3.58 2.58 2.09 2.63 2.64 840 3.98 6.40 || 3.75+1.96

Table 2 Error rate of experiment 2 (n=10).

Subject No. 1 2 3 4 5 6 7 8 9 10 Average
Error rate [%)] 416 238 6.95 746 9.12 269 462 940 6.75 6.45 | 6.00+£2.33
Error rate of 0 - 60 (sec) [%] 5.00 2.52 4.00 9.11 9.5 298 277 800 6.35 6.60 || 5.68+2.50
Error rate of 270 - 290 (sec) [%] | 2.90 2.26 11.6 6.43 559 2.79 7.66 104 6.54 7.37 | 6.36+2.99
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