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Sleep Stage Estimation based on the Non-contact Remote Measure of Body Movements using
Microwave Radio
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Recently, not a few sleep stage estimation methods using wearable accelerators are proposed. However, these
methods are necessary users to care such as daily attaching/detaching consciously. In this paper, we propose
the new estimation method, using the machine learning technique, by measuring precious fractions of respiration
movements remotely. We achieved around 85% on average to estimate sleep stages correctly.
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i, NARAT 4V EZDFEIZL Y Y — MESHEITHNE L
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Re[] 3IEREBOEMOMMZRT. W2, HEES 91) %
UFD&SIZEHTS.

9(t) = o(w x0)sp(t) + [1 — o(w ' x1)]sm (2). 9)
MEEEIIEREES2EAL T IHEES L, MHEHMEI N
A E RS OMEMTRIEINTVS. £/7, EBIZR (9) %
FHET2EAEITIE, sp(t) & sm(t) DIRFENERZDT, &
FEIT U CTIESMEIR 217 5 BB H 5. BLEORHME D
EANRDOEFITNT 2EMMESMAE UTHREL, FE L 7-fER
B E TV BNRWAHEREZE L Wb R 6 I1E, MAEERIE
A ROENZA LB U WEE S 2 72 5.
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I EAHBIRED TR & 72 B 5% 2 kb B &, FRIK 1 [8]45 42 R
NS B DM 50, TODADE— K & #if[E DLk o
T— R & OREEEZ PR EY O ER2 5. £/2, =K
LR DR DOHEFTORIEEZ, WRKIRIEOHEREL T 5.
IR I, PP e R EROBE DR E X DEEE 5.

3.5 ERZEEHTE
MEARVZERE & UC, S, L AEER, /> L AHEIRO 3 REZ
MBS 5. TR 2R, PRI E A & IRIRERE
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3, FRIREEE, 30 BIEXKETEEEZR D, TRy 7 BALOR
BEL T2, TRy IJEESD2FEEZFHAL, BE 10 Ky
ITCVALZbD2REE v L5, ZOREERR, =Ky
2 BN TOMIREADOEF ORZ I ZRE L TW5S. IEEIRIE
1Z, EEARSERE A TR L 76T H 2 BEREE 30 K
MTHEL, TRy 7HMAORSEE T5. HEREHEOEBE L
FRRIZ, BE 10 TRy 7 TEY L6 D 2R v, £ T 5.
ZORENE, TRy 7B TOMKIREOIE S D & D&
ERBELTCWS. RIBEICETIHMER, 1 RHERETELE
EEEL, ThE 30 XM TEHEMAZ LT, TRy 78
RO vs LEHET 5.
ARFTIE, BAE 3 DORMMR % FV 72 BRARZE R HE 1 % DL
TOMEABRATEST 5.
h= Mv. (10)

727U, h [R1, ha, ha, ha]T ZHFIRZ B, v
[1, U1, V2, 1]3]T %ﬁ?ﬂ(’\ﬁ b v,

-2.10 0 11.27 3.04
M — 6.29 0 20.0 981
—-0.92 10.27 0 3.00
—1.01 26.13 0 1.79

ZHBITFIE T 5. X (10) 12 & BEEIRZERHEE TIX, IR
HIHINE RV — V% T 2 Bt CHEIR 7 7 A %2 IRET 5.
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1. BiE/ERYE
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2. LLER// VL LAERHE
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PEOFmEIz &Y, WIREEIHEE I NS,
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4.1 FHEEE

BERR A BE R OBk DEL 5 2 OWERHE (A~E) 12X L, 3
iR Z LML 2. 1 ZHOHEBMEFITHLTLHDE Y (No.l
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DhEZ 28—, LI OMEE 4 ke Lz (M2).
722U, BB RRIFMEICRESINTED, &Y (No.l
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%, BEARZERE ORGEMHERD =012, —MRKZZIERREL TH 5
PSG(Polysomnography) %2 & 2 &l % [F¢EM L 72. PSG
FIT K BEHIITIE, B AN, REREE), EEAFER, O
B, WEEXR 0TS 2 SHIl AT EE 2 & o Y HH A 2555 U 7 RB O
K% EMT 5. KERTIE, PSG EDOZFHHREED S REK 12
O HBIREE OHIE 25 3 ZITREL, W24 THELX
BERRZEE IZBAL T, FERA U B VEFRTICH LTSS 14
OREERAL, FRHEOHREE T, MIRERE O IEMEL 72
57— REERL.
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e, MEBLEDN A XDEBIZLVEAREL LD L)
5, MEEESOAMENRERELRoeEIONS. X
402, WREESMEARD 2 ALBEDOKAREE g(t), MR
5%, BRESOEMANY Ryl (50 BRE4) Dl
ERT. WRESIZ0.0IEWVEFEAEEESZEML, 1.0
IGEWIEEHES2EHT S, M4 TERECAEERFEEN
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kb 5Nz PSG HIEMEFICH O KR 2 RT. 2 BEOfE
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WTRDTWE., KFREHUEICB I 2REEETHS. A
SR & DERRIMEAR S /NS WIEE L BE KE WIEE (W
C,D,E 28175 No.l £ No.3) TH5 6 /3% — VDRI
EHT DL, TOEBHEARTG6.9% (L AR/ > L L §EIR
HRIZB T BHERE D) THotz. ZORENS, KFEIZIE
BEREARIT T U Tt 2 F5 o Z e ANRIR I N B, Bl A DR
HELUT, 2EBRERVOLL VYT — X 2fHEE L THELZ KD
5L, iR/ MERHEORED 84.5%, L AHEIR, /> L LHE
IEHE DR DS 78.2% & 7o 7=,

5 &bHYIc

AFETIL, <A 20k AW TR JE R & IRIRHRIE % HeE
L, E5IICHERERZHET 2 HEE2REL 2. IERJEL &
IRIRIROHEE 121, Y= MEFH & FER O AN 2 445 L 715
SRERTAHENH 572, LHL, E— MESIZIZRA S
OENECEIHEFT HRERH Y, B—DFIETIIEEGES
OEEHARETH -7, ZOMBEICHT H2EL LT, L —
RA 7RO H 5 2 2D FEKMES % 87 H 2 v Tl aiy
AL, B—0EES2ER L -, MIREEIX, WRkEYN
& IFIRIRIE, K D FDKE RIREEHRD 3FEr S RO SN
REEEZFMAL, EHLUZHBL—IIZEDWTHE I N
PSR L, b ADWERE E R E L, BRANGE U9 HD
ERRIEREDY 2.6 ~4.3[m] OEBRBRECTEBmI N, ZORRES
5, AFEOREFEIZ, Bl BROHEIZENT 84.5%, L
LEIRE VU ARIROMEIZEWT 718 2%DFEEE4H L T

#* 1 MEARTRE HERE KGR

Accuracy[%)]

Dicision Step Subject Nol No2 No3 Nod
A 92.8 89.1 923 875
B 885 77.6 843 875
WAKE/SLEEP C 823 858 873 883
D 829 782 848 822
E 73.8 782 750 80.2
A 87.0 819 802 832
B 76.4 830 85.6 73.6
REM/non-REM C 64.3 729 672 63.2
D 85.7 926 926 93.5
E 71.2 71.8 68.8 729

W5 G T 7.

SHROMEE LTE, RAES 2G5 HEom#E b TH
5. KFRTHWEZR Y AT v 7R & B0 00EHE, R
EHAMDORIIH U T, FEIEREE 1T - 72 DK
ERMRLETAHEERD D, XORIMFAVBETHS.
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