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Fig. 1 Wi-Fi 1,6,11 channels and BLE.
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Table 1 Comparison of biometric information acquisition methods.
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[nXdydy
Fn = di +ds (1)
2T dy WEER A P SBEEY C 2 TOHRE, dy IXkEE
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Wep o= [~ v (S i@




BHRLEF SRR E
IPSJ SIG Technical Report

EiTHR

fresnel zone

4 d;

3 JLAaLy—v
XEB Fig. 3 Fresnel zone
REC
2 FAANVADHEI
Fig. 2 Huygens principle.
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W4 55-75 HID M TZ/Ld 5. BLE TZ 05 DR
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TT7TDOAARYF—T z—T Ly b EMHL THRAEK
7 xz—7 L v M (Maximal Overlap Discrete Wavelet
Transform:MODWT) 12 & 08545 db4 MODWT 4741

(© 2020 Information Processing Society of Japan

Vo0l.2020-UBI-66 No.1
2020/5/25

4 db4a~¥¥—z—7Ly L

Fig. 4 Daubechies 4 mother wavele

&L EGIEN 2 E T 5. £ U T, BLE 2 ¢# 3 58
DOHEID BT 728, Lzl XL 1 DEEOY—2
i oM E2 RN T 5. RRIZ, SEIROABEEA A~
b T DTIFREE & VDA O #IPH & 72 B (AT I RO A D
L elErdd LT, BUHOREEZITS 2N TES.

HIFNZR U T, BLE (IZHW S N5 JABER S N 72
DA FPEAIRE VT AT ¢ — 73 Z8EITNR Tl
MW7z, EEMEE M < URHIESR coRHE 35 2
ETHRT B, AFH IZH LTI T RANRSI Y YT DF ¥
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BEPESZTE2ILRLY = VI TFET 5 L5 TR
HelEL, ﬂ?ﬂ)}z 12 & 2 DRI I C,t BRIk L%

HET 5. EZEHMEOEMd =d, = [ |, BLE O
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@ Bluetooth € ¥ a2 — VIZFEHMEDSIHIEIC DR SN Z &
75, Bluetooth K> 2)V% USB iZ##%i LA L7-. BLE
DEMEIZIE BlueZ ZH\WTE D, heitool Ia~¥ > Fiz& D
Host Controller Interface (HCI) %Zi%ET 5. HENEZ
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Fig. 5 Processing flow of demodulated signal
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Fig. 6 Experiment setup.
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Table 2 Tx conditions.

NS A—R% 1l
default

0.1 msec

Tx Power
Advertising Interval Min

0.1 msec

Connectable undirected
advertising (ADV_IND)

Advertising Interval Max

Advertising Type

Advertising Channel Map | Channel 37
— A 2.402 GHz
— A A 2 MHz
Advertising Data Length 31 Octets
Advertising Data 2T 1
Advertising Enable Enabled

®3 PCOARY Y
Table 3 PC speck

IHH fhhk
oS Ubuntu 18.04.3 LTS
¥ —FR—F | ASRock X299M Extreme4
Zu+v¥ | Intel Core i7-7800X (3.50 GHzx 12)
75714 v2 | GeForce GTX1090 Ti
AEY 15.4 GiB
TAAY 476.0 GB
NIC Intel X710-DA2

7z, 1IREFERNT 2 FWNBE L2 RERICNZ 5720
T RRRAL OV HMAT BT —RIELET1 & LT

6.2 V7MY IT7ERERAVEZERERE

ZEFEBEELTY 7 b 27 ETR—ZANY REE50LH
%k T&E % SDR 2F|HT 5. N— KDz T7IZiE, Ettus
Research #£#® SDR ALFH/N— K7 = 7 USRP X310 IZ
R—&—3FR—F TwinRx % 2 WK L - LELZFHET 5.
USRP IZ##5t 35 PCDARY 7 %K 3IZRT. PC &
USRP X310 i&67 74 N—% A7z 10GigE THEH S
TH Y, TwinRx & 2 D#E# LU 4RX TOEEL 05 T &
Mo 1 F¥xI)VdH72D 80MS/sec TOEEL LS. PCD
Network Interface Card (NIC) (& 10GigE XJadDH D &
U, %v b7 —=ZEDR BV Ry 2150k 5123
L 7.

V7 o7, SDREAA—-FVY—AY 7 Uz
7 GNU Radio # W THEZEET 5. GNU Radio (21 GNU
Radio Companion & FFENERXR—ZANY N55%2 70—
777 THETEDY —ARINTEY, EBRIZIIR 70
GRC 70— 7%H\WTED, ZOZEFRMEEER 412
RY.

6.3 ERIBE L EZRNURY
PRI IZ 133 5 B A B & OE 8(A) 1R T BT
DRI 2125 5 5B B 5 £ OF 8(B) ILRT D%\
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Fig. 7 GRC flow graph for demodulating received data

*F 4 ZERMNE
Table 4 Rx conditions

NI A=K fi#i
DA F 2402 MHz
N=2ZNY REESDOY > 7)) VB F, | 4MHz
s 60dB

K5 2 DOFEHEM

Table 5 Two experimental conditions.

FEhR A FER B
HIENR LT BERT — X IR DI
FHHHRBEIE [bpm)] 10,15,20 70
AHRIERES Gl FNERRE
ER TS Ty—av7lyy¥  FEHKRVT

—MHR BN CTERET S .

HIE S RIS R 2 BT 272D TV INV—V %
— R TR E 5. EBRCTHEHRALEZT VI NL—
VIEE 8(C) ITRTER 043 m DB DAL, MRHIE
FRZIZBE#H 72> 7Ly 3%, DMARERIZIEFER Y
TEMVELRDEEEIT.

7. ERER

PRI E R O ERAERZE 912”9, 22T, 10bpm
(breaths per minutes) (& 0.16 Hz, 15bpm % 0.25Hz,
20bpm & 0.33Hz 229 5. O E R O F B AL R
B 10 12/”89. 22T, 70bpm (beats per minute) (&
L16 Hz (M9 %, SEBRAGHRIE 0.05 Hz 21 A T Ot & 72
5. D78, 10bpm 1% 0.15Hz, 20bpm (% 0.35 Hz D
KIS PHT VWS Z b5, 7T0bpm (ZBIL TIXFHE
TND 1.15Hz DEAT TR < 1Hz DTSN D 5.
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8 EEEEI X EROSEY. (A) MIRAER OB, (B) OallE
RFOBEEE. (C) LTV I N —.

Fig. 8 Experimental environment and experimental object .

(A) Respiration rate measurement environment. (B)
Heart rate measurement environment. (C) Aluminum

balloon used.

8. EXR

8.1 MR#S L ;DM DBAIE

MEREZ DWTIE, ZNENOIRBIEBUI IS % B
WRIGSHTE D ELSHENTE 2 E 2 5. AR
DWTIE, 1.15Hz Tld7& < 1Hz fhl i KIS H N7 FH N
LUT, TAWINDV=2A RO/ —LZEDLETFH TR
I EL-DIRBBHALEHIIGZONTVARNWT L2
A5, 1.35Hz fAHEICiE 1Hz 2 E LV VD RGEHBHT
By, FEERIEEZEVIIERIINZBDOEEZ LN
5. PRIREC DEBIZ AR K RAFR S T WAWEF & U
Tk, MEEBUZEAODEEIL T v RBR L EROBAEN
Dl in b, ZUEPTHIBONBRSZIEDBERS
N5, £7-, BLE ® 37Ch O£ 0.1248m THH, 7
LRIV = 2T LR WIREBIZ 7 o 7235 A R A3 2
L7 DERBIZEZ DHMENBERLEZZEREZISNS.
BLEIZE DT INN—VOEEZRETE LI 05,
BLE OMHHSIEIZ & D HIETERWDTIIRL, ZERE
ZALTOHEBEDARENRANTHELERXD. £oT,
WENE L R MHE A EZHW=FEOMMIC X b HlET
EHAREME D 5.

8.2 HEHAE
Wi-Fi ® L — X TIN5 FEIIRRTITHElETH 5
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Bt : 10bpm(breaths per minutes), g : 15bpm, TE :
20 bpm.
Fig. 9 Analysis results when the aluminum balloon is vibrated
(Experiment A). Top:10bpm (breaths per minutes),
Mid:15 bpm, Bottom:20 bpm.

ZEMHHRTH D728, BLE ® AFH IZHIGLARW. Z0D
728, WFKFIED Hampel 7 1 VEZP U 2 —T7 Ly NEH
Vo EFMMIFMATEZH0, ZNETD ) 1 ARET
HERESVPEBTE R\, AR T BLE KA DI
KUT1EOREEZBEHRMED 13> TR T, G
MEBHT 2L WO H R THIRER >72. 2tk
D, BEIZEENDENIR ) A4 X2 RrET 2HRENBER
<, EMEERICLEIN R E 2 RIZT BLE OREDE
D UIZERII U7z, &R E LT, BETIRBTIEIRTR
BEBELUZTVINL—VOBLENKRE B RE &

(© 2020 Information Processing Society of Japan

Vo0l.2020-UBI-66 No.1
2020/5/25

Power[xloﬁ]

Frequency [HZ]

10 7V I/Vb— 2% 70 bpm(beats per minute) THRE) X 7=
& (FB B) OfRNTHER
Fig. 10 Analysis results when the aluminum balloon is vi-

brated at 70 bpm (beats per minute)(Experiment B).
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Fig. 11 Implementation in MIMO configuration
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