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One examination about the noise reduction technique
in the pulse rate estimate technology by the noncontact sensing

Abstract: Focusing on the property that hemoglobin in the blood absorbs green pigment, a technique for es-
timating the pulse rate by non-contact from a facial video taken from a camera has been proposed. However,
the pulse rate estimation by non-contact has a problem in the noise effect due to the shooting environment,
and the estimation accuracy for the shooting distance between the camera and the subject is not mentioned.
In this paper, we clarified the correlation between the shooting distance and the attenuation of the signal
intensity of the pulse wave, and examined the optimum noise removal filter when the shooting distance was
changed. As a result, we report that the average absolute error between the true value and the estimated
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value of the pulse rate was less than about 1.3bpm in a total of 18 measurements.

Keywords: Non-contact sensing, pulse wave, pulse rate, image analysis
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Table 1 Pulse rate absolute error with shooting distance and the filter
R B [cm) 30 50 70
B E A %) 022 | 026 | 023 | 0.22 | 0.27 | 0.22 | 0.23 | 0.28 | 0.33 | 0.26 | 0.25 | 0.31 | 0.38 | 0.39 | 0.36 | 0.42 | 0.44 | 0.41
g —MHESUE | 77 | 79 | 80 | 74 | 74 | 75 | 78 | 85 | 87T | T2 | 72 | 73 | 92 | 93| 95 | TL| 7L | T
BPF(fH=0.15, fL=4) 2 1 0 0 5 7 0 -2 -3 2 1 0 -6 3 1 1 -1 0
BPF(fH=0.45, fL=4) 2 1 0 0 5 7 0 -1 -3 2 1 0 -6 4 1 1 -1 0
LPF(fH=4) 2 1 0 0 5 7 0 -2 -3 2 1 0 -6 3 1 1 -1 0
BPF(fH=0.15, {L=4)4+SGF 2 1 0 0 4 6 0 -1 1 2 0 0 -6 -1 0 1 -1 0
BPF(fH=0.45, {L=4)4+SGF 2 1 0 0 4 3 0 -1 -3 2 1 0 -6 -1 -1 1 -1 0
LPF(fH=4)+SGF 2 1 0 0 4 3 0 -1 1 2 0 0 -6 -1 0 1 -1 0
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Table 2 Total absolute error for each shooting distance

B [em] | 50 | 50 | 70 | ONREA
7ANAR SR
BPF(fH=0.15, fL=4) 15 8 | 12 35/1.94
BPF(fH=0.45, fL.=4) 15| 7 |13 35/1.94

LPF(fL=4) 15 8 | 12 35/1.94
BPF(fH=0.15, fL=4)+SGF | 13 | 4 | 9 26/1.44
BPF(fH=0.45, fL=4)+SGF | 10 | 7 | 10 27/1.50

LPF(fL=4)+SGF 104109 23/1.28
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Table 3 Ratio of shooting distance and high-frequency com-

ponent
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BB OEIE (%) | 23.7 | 27.7 | 40.0

1 THONEERE, BV E 7« L X ETOMN
MAERE LM EAETE L DB LR 2DEY Lo T2,
BPF(fH=0.15, fL=4), BPF(fH=0.45, fL=4), LPF(fL=4),
BPF(fH=0.15, fL=4)+SGF, BPF(fH=0.45, fL=4)+SGF,
LPF(fL=4)+SGF D 7 « )V I3 % T Difikf i

AEHE 35, 35, 35, 26, 27, 23bpm TH b, SEIDEERT
1Z1% LPF(fH=4)+SGF TR ME XM LU, “FHinia
7 1.28bpm 72 o7z, J A ABREELFERIED T 4 N ED
MELEIZLY, & TORYIEMIZ U CIRMEBHE ek
Bra kL, /A4 XREDADE—T 1 LR EIEKEL, /1
A & FERIEDLET 1 VR 2T 5 2 & THu 8%
GEHZDWTHEK 12bpm DR LM E S iz,

F 72, BHEIEEE T0cm DL ED T 4 V&R Y ¥ Z AT
DEF—ZOWEFIE, K8 DD T, 30cm ¥ 50cm D &
SR L CTHFEORIZ R ERIEEIN R SN 5. HitED
4Hz A EOE AR OEIGIEER 3 L0, BREHEIE
(b e, BHIZNDIRIEICE EN 5 EERRDBSENL
TWBZERNbhb, Zhid, muEEIHNSG Z 22k
0 IR RS DS S IRE VSR U, MRS 70 R s o D 1
mzkseEz o5, Bz, HBEEED 70cm DM 8 T
&, WEOHRIZKRERIREIV RS0, Lo T, B
RBldl, EF—XO¥EH, S EMEIZ RRI % # X IR0
BEHETEZ XN TH S0, BPF R LPFIZ&3
A RREDPIRINFZEEZ 5ND.

8. F&&

HRATHSARIREEBEMIC L D HfEET S 2RAT.
NS 2B E2EERE L, IATDTL—LL—
k% 30FPS, HIERE% 20s OBREIZE T, 2 ADOWERE

IR U TEF 18 MO EERZ 77 - 7=,

AT LHEOBEIEMAEL 2513, RS U

(© 2020 Information Processing Society of Japan

Vo0l1.2020-CDS-29 No.3
2020/12/3

BRI HEINT 5 & WS EOMBIBmA R sz, £
7z, A XRELFEBILDLET « L EZPHRAT, 4E
DEERTIZ LPF(fL=4)+SGF TlHEE LM LU, Vi
WA 1.3bpm R 2B U7z, 7L, #ERE AL 2
ANTEF 18 M DEERFEETH 5728, 54, ABCRHIE EK
EHEINXE5Z e THAROR E2RFETIHEND S,

FEHENZDOWTIE, H AT TOBEEERMILE L L -IRE
TOERTH 7205, HWREDE TS & PR Y
DB IR —ETIERWGERT, SREECREZHEET S
Fffia ML 35 Z LT H 5. £72, IRIRIZ & 0 IR
DY ALZAFET B2 BN TE, TEIRPRIRPHIRD
HIW BN B 5.

T 51T, PRI S A N L AERMERIRE &\ o 728 A
ANT—REWETEHWEEND L7720, LELELN
L RNVTF—=REHATNLFRIZETSEZ 2 2HEL,
HEAEEOFRTHRENAI AN T —X2ELUEHT 52
T, RIRTTE2EHLTVERZ,

SE X

[1]  W. Verkruysse, L. O. Svaasand, and J. S. Nelson, “Re-
mote plethysmographic imaging using ambient light,
“ Opt. Express 16(26), 21434 2013 21445 (2008).

[2]  S.Hu, J. Zheng, V. Chouliaras, and R. Summers, “Fea-
sibility of imaging photoplethysmography,” in Proceed-
ings of IEEE Conference on BioMedical Engineering and
Informat- ics (IEEE, 2008), pp. 72 2013 75.

[3] M. Garbey, N. Sun, A. Merla, and 1. Pavlidis, “Contact-
free measurement of cardiac pulse based on the analysis
of thermal imagery, “ IEEE Trans. Biomed. Eng. 54(8),
1418 2013 1426 (2007).

[4] P.Comon, “Independent component analysis, a new con-
cept?, “ Signal Process. 36(3), 287 2013 314 (1994).

[5) Ming-Zher Poh, Daniel J. McDuff and Rosalind W. Pi-
card, “Non-contact, automated cardiac pulse measure-
ments usingvideo imaging and blind source separation,
“ Optics Express, 18-4, 10762/10774 (2010)

[6] Ming-Zher Poh, Daniel J. McDuff, and Rosalind W.
Picard, “Advancements in Noncontact, Multiparameter
Physiologi- cal Measurements Using a Webcam, “IEEE
Transactions on Biomedical Engineering, vol. 58, Issue:1,
Jan. 2011

[7]  A.Savitzky, M.J.E. Golay, “Smoothing and Differentia-
tion of Data by Simplified Least Squares Procedures “,
Analytcal Chemistry,36,1627-1639,1964.

8] BEENEE e-~VAX Y b

https://www.e-healthnet.mhlw.go.jp/information/dictionary/

exercise/ys-032.html

9] HIEZMEE S WRPHERE, A - SIRME, B
EMEREIRO BT #I2DWTORBIEHE, H AR
FoRMEE FERBEMES 5 &H 25

[10] Madwed JB, Albrecht P, Mark RG, Cohen RJ: Low-
frequency oscillation in arterial pressure and heart rate:
a simple computer model, American Journal of Physi-
ology Heart and Circulation Physiology, 256-6, H1573-
H1579 (1989)



