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ESTIMATION OF THE PERIOD
FROM QUASI-PERIODIC BIO-SIGNAL
BY THE OBSERVER

Abstract

This thesis describes how to estimate the varying periods from noise corrupted quasi-periodic
bio-signals. Here a nonlinear observer based on the biological mathematical model named the
Lotka-Volterra prey-predator equations is presented. The equation can express oscillations with
different periods under constant coefficients in the equations. Mathematical properties of the model
are summarized and a guideline of how to build a biological model for estimating the periods is
shown. Simulations to estimate the periods for the heart-beat signals corrupted by various noise
levels were carried out and the accurate changing periods of the signals were estimated. In the
proposal method, the periods estimated from the noisy heart-beat signals measured by the pneumatic

method were improved from the conventional method.

Key Words: period estimation, observer, bio-signal, Lotka-Volterra prey-predator equations
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B ONABRERE OFERHMERHT KT, AARAND ANHIE 2005 29D TRAIZEE L D 2 &
PHBALTRY, EFERRE - N BEETOER TR E D ENA Y — R Tod1E
LD EA T WD D EEEIZEE S N DA, A 7n & BRI EE <05 8) /) e (7 &
W o Ty, RIEASELI L 52 5 LTS, AR 30 JKINCH 7B R E OB K
SRME L > TS, ZHUSx LERE O & W O BLE D HRRENL TR OfA
TRFEAZMEFRFL LD W) TFHER] ~ORBRLAEE->TWD. PHIER~ORY A
X, BEOMREEH, REFHERCHIN ORI - RENEROTDICI HICEEIZZR > T
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AREICR Y, e, 2OV —E 22T HHORLICHRVE5. £DD0 A FHREH
P E 2 ARG R OFHINE, HEEFRO 5> HICERE - SRR CIG S, WEICH.O8
PN B ENEMZ 2N EMUATHH[1]. ZLTEDZ W, Ax 3E W QOL (Quality Of
Life) #HERF LR TV D 7-OICbMERZ L THD.

O XD IR - R T COAEREHRERHOMIERH 2RO TEB Y, oW
HE L RENTWD, EFTHEM L L TIEAL X —ECG R H 2 VITHFHRR S 5.
N2 TR, ADBEMT L0 LTy Ry 7 HFAndH 5. ~
v RV T HRFARAET 4 v 7 F X —Vk, VoV RTPEHFEHT L5, SEMEHE
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MB LT HEBPRAERES TIE, ARLTHRLETHEFITHONTHERRS.

IRE L RMBEDETIR TIX, AFEEED DICHIZVRET XENE & BHT L& [
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Lotka-Volterra @ prey-predator GBI TlE, ARimX TH 7o Lotka-Volterra ™
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BRIZERLY I 21—V a T KARIETIE, BUAISRAKELY I 21—y a1
Ko THIET 5.
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2. 1 H&K)XLEEERBROMBE A E

DFANREE IR 72 & OERTEHRICIE, A ORHRECHRDRE SR 2 R E W NG £
NTWD. fFilziE, BERS QARG RN - O - FEU - KIR - ete - IZIXIEIR OIRIEZ 7R
FTHEIREPN RS BRI S Z RN TWA. —HOMRIBEOZ LI, i H R D 5
OHTHFPEBIKRLS, BRIZRDICONEF LTV, Z2LTH b Bn—&FEL, v
— 7 HBHZ TRICOD AT OB L IZETREIZ TR > T R CRZI E K& B 2 H
D, ZDOX DK 24 BRIEAMOEE Z Y — DT 0 T UFEEE) U XA E DD, DO 1
ReZl &dE) L C, —HOMTELTH. T NOHEROERERIT, HiTRkRESTLY X
LEZNATEY, EEHMNRESTHLH S, Table | IAEMRERE THICEMRT 54K Y X
Lo T HEAR TR O REAR B & OB B O E) O 8 AR MERR B [ & TRV B AR
DD EFTHLSNLMBNTIY, MEIRZ MM - IREKES) - FAFER X 0 ERORIEE
HIET 5 ERSIEAED REK EDNRE SN AN OBV HEN TS, NEE LT, O
B o b WREIR A HEE 95 HIE[6][7][8], MEEAURIMEE I L0 HEIR P O RS ZFHIIL,
Za—F Xy NU—7 E VKD D IEIR B 2 HEE T 253 [9], #FEM Rk Y
fh& -~y FIZ R0 OHENEHA L, MERIREEZ HIMr$ 5 HER S SH. £, JORIEROE %
FHEIREEF(W, R, NRI, NR2, NR3, NR4)IZOWTCIEFRENFRETEZ 551
L bT, BBERETHEX LN EE L TERE, MEREME EERH R~y P X
T DRI S D DA OBIRE R, EE DIERERE A HEE L, Zha REhE
HWCHIE UIEAR B 2 HEE 35 15D & 5 [3][4][10][11][12].

Table 1 Information obtained from biological signal information.

Information Relation
Brain wave Sleep stage
Electromyogram Sleep stage
Heart beat, Respiration, Snore, Body movement Sleep stage
Bigger and higher frequency Body movement, Shallower sleep
Higher and random Heart beat (W,R,NR1)
Smaller and lower frequency Body movement, Deeper sleep
Lower and constant Heart beat (NR2,NR3,NR4)
Heart beat Stress(mental status)
Temperature of the body Biological rhythm
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R EEBEEDOHRE T7 4 VALV HEEEREL, ZORICE—7 L E— 7 25
57, 1 O EH 25RO T B[3][22][23]. £ HEE LTCE, —EORRXM DT
—XIZFFT XA CEYFE (ARE) HEHWFv=—T7 Ly NEHAET 2 HIERHE LT
X72[13]. HDHWVE, MR ETHEFOREET VERIBRESFRATRL, IL~vr 7o
VA RARBLIZR 2 EE WD FELEZ LS. LavL, B CHERE R EEER O e —
RAT g VAT DG, MG E2/NS LT 5 DI0EREE R ROICRET D L5 5
DY v =7 IRRIFTE—7 OFAIROREEMET T 5. EEEEEESOICRET S
E A XN B BHiAIL K 72D, F iz, FFT R H QBT AR EFE F okt
THHETHY, FEENESHT L2550 EHHE LR LN, T2—T Ly
N BT RIPR O BEE TH DAY, O R-R RIFEEHEE CT& 513 &4 i
TR\, BEOFERAIR N R T 4 V¥ 2 HWESAR, (55 @il & e
SNTWLTEDIEEOEEREN L LTSS, TNE EEICIEA SR, 20X H7%k
RIBE A R T B -1, LRI L~ 7 o A ZZ Y, B b HES SR L T4 70T Y
AL S & DD, WRDOLRFED 2.
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ZEMIL, Moy, TREE, v—/ XA 7 ¢ V¥ & i Pan-Tompkins ¢ J7{£[20][21] TR
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TEBZBNDAEMRERITR L TH Pan-Tompkins D51k L R U X 9 72 LB 25 S 41, Fig.1
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(b) Noise corrupted quasi-periodic bio-signal

Fig.1 Quasi-periodic signal corrupted by stationary noise.
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BLTHIENIEZD. B 1AM B LE2HMAZMAELE 2 FITHL. F 2
WAV | FEHZIB LS. 8 1 NI OIS &5 2 MAHINCEE U2 & v ) IR
BYNEHZ B L TN D
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EEEE, (HRZT o7 L— e LTRYMBMbns. (HRXOMRIE, %%ka, b, ¢, pH
—ETH->Th, FIHIEY, poll XV IEEOIRIE, RS ZOEBNED D &) FEx b
O, FREAEINEDD LW MWEIL, FAMBEOT-OOBTFETNVE LTINS 5.
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4. 2 [EDEH

FROREDH & T, KROMEEELETD.
(P1) (RO F 72 HEE 2T D .
P2) (DX, QRAZKICBIMERAMEEL, FEZ I —Ta VIC X VifRs.
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8 5EF Lotka-Volterra 0 prey-predator A=

MEPHZMRETT 5.

(R OEFAHIEE I DWW TIBEICZ < ORI BTV 5 ([25][26][27]. 2D 2483
L, PR TR EREEIZ DWW TRET 5. Fig2 I2(HXD%Eka=4.0, b=2.0,
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DALFHEEFUS & xo = 3.5, 30.0 DIHE DD RINZRT.
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Fig.2 Phase plane loci and solutions under different initial conditions.
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Fig2 IR L2 L D1, RIZLL T D X 5 et E %2 & 0.

(CHx(0), yOIXZFNZFN,X=plc, y=a/bZFHHE L LEHERT 5.

(C2)x9>0, y3>0DL Zx()>0, y)>0ThD.

(C3) (AR FEEBF XD =X =p/c O L& yolRREE R MEE Lo, FEIC,
yO)=y=albp & x 3R KREE 2ITEMEE B .

(C4H)b=0, c=0DHE, (H)XITREORE HFEX L 20 FEITKRO X 5125,

27

Jor >
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(C5) x(0), y(OIL5Z BN HH MY, yoDbH ET

(D) y()' xS )

ex (t) by (t) ecxu by o

e e e

=k “4)

BT Uk 2SR E G AURAI AR E NS S X, RIEIRIE O/ S e 72 IERE
(2725 k B/NS FIUEIERIGIED RS 720, AABEREBNE AT S X, IR
IRORE RNV ZROWAC /2D, B e, HDHWVIRFARED y/e”13, Figd o &
S5IRT T T LY, FNENOMITEKRELZBRNC EFSBbND.

S1{x)
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[

3 L

Fig3 f(x)=x"/e", c¢c=1, p=3.
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PLEDOMHEE(CH~(CSHDFERIE, THRRINRIN TNV D, HECOHDIRIEO K E X LJFH
HOBARE L CHIFBIR SN TV D PHFEICKIEHTH D, x>0, yo>0 272 T4
a7 2 D100 5y —A % 527732 b—3a 0Tk, XTI D OME A7
Fig4 |2, Fig2 DA LRI UREDO L &, xo&p /| cOWEEE R 2 \ZIET 12356 O B 024l
L ENO—RHTIERRZ R T . xoW3p /e BEEND L JENEG)RDMEN S, £ OFREEC ]
L CIREHRBICEYNELS D, 2L T@ROkDOEIZ/NESL 25,

e )

Period T'[s]
N

-2

0 20 40 60 80 100
Value of X

Fig.4 Distance x, from p / ¢ and period of oscillations when a =4.0, »6=2.0, ¢=1.0, p=3.0.
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F6E BABIEIZIaL—TaVvITkSEREL

6. 1 &AIgE

P2 % a5

REMANL Y, ERHEF IR0 FBRXTRBIND AR LFHSND. FUD
n)=0 & Lxn()=x(0 & T 5. xn(ODPERKEZ S OIEORZNZ 0 L35, Zo L xHEAD
PE(CI) L Vy=albl 72D, ZOHIME L FHHEL()K Y, (HROyOICBET 2 H A

y(t)= e{cxm(t)-p}tyo (5)

CRRT D ZOTEHIE () BTl E X VFHAME E A7 L, yu()EET . xu() = x()FB
FOELWHHIEZ HNTWAEZE LD, yu@) = O TH D, FHHMExL()EB L Py % W
WXDT 4N B EEZD.

% = =AX(O) +(a+ A )%, (1) = bx,, (1) y, (1)
dil(tt) = A IO+ (=P + A) () + cx, (D)3, () ©

#0) =max(x,), H(0)= %, Ay A, >0

ORD X)L )RD x() & DEE e (=3O -x(1) LF5. ¢ (1) ORFFEEEIIKRO X
T D,

de(t) _ di(t) _dx(t)

7
dt dt dt @)
ERi@XEMHXERATHE, KOLHITRD.
% =-Ax(t)+ (a+ A )x(¢t)
= bx (1) y(t) — ax(1) + bx(£) y(1) ®)

=-A{x() —x(2)}
=—Ae (1), e (0)=e,
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A>0 ) R)RITRERFRATH D . 1o Ttowllfhine (1) 50 L7320, X1 x(r)
L%, FEEIC LT, t— ollfbn IO SynE 70, ORDT7 4 A ZIT()RTEHEZBRD
KEDO—D>DEHE TH L. BREIIB N TEOPHEIIRMTHVERICEZ DN, (8)
RO#EEICET L HRACBNT, IO O NERICE NS E, e (0)=c, [T/IEL
0, OIHIBE D SRE 0@ WEEM AR E D, (X TIEZED X 5 REN G2 b T
W5,

T OICHEE P EE SN TWAIHEEEE 5. HECT) LV ()XOREEEH O TR
BATEHEALND. WEMNA)LY, MEEFOFBIIG)XNDO FREVEW. E->T, Z OB
BIZD L RHMET ZHECTORRE LRV, ZD XK 912 L T(O)ROBIHIZE AL LT
—Z DJEAMNZET VOO EMINES L OITHEET 5.
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6. 2 EFHEAT—EHILSDETILDRE

(WX DfR%ka, b, ¢, pBEZHRAUE, 6.1 L VBHIEIIEDICHER T 5. Lo LER
W2, BREIZH L0 UH 52 b0, L0 FIETHREZ RO 2T IE R B0, (1)
RITEIES) LA MIIFigd (TR LK S ICIRRIC LV ED D L WO E4 4 6. 2Dl
DEMZRD D LD B 61X, (DRNOBREIE TOEEMEELZKL TH, ZOMHENME
BEMERINT S, LRI EETHo TIWE W) biF TldZaw. EFH ML)
OEFEELET L LG END.

PHECT) L (O)XROEEBHEMO FIRIZG)ATHE 2 b, ik v iEWESNX()XTIX
LRV, - T, FHIMEX (DR DESHRTZOFT THROEWVEMAZT(WE T 5L, &
Ba, plIROHKIZ ST 5.

27_ s 7 )

A/ ap ’

FETMECHEL Vx@ODFEEITp / cTHY, HEC2)E V() >0 725, FHAMEL()DF
B XKD,

L -5 (10)

OHFIE DT 5. LLED —oOHFIEMCH LTl E b o)Xk, RBHEEES
. Z o BB EIXEHIEx () OIS ()R O 2 HbE Z e /-dicflibh b, ok
INZLTRO BN a, b, ¢, pBELUxo=max(xy) , yo=a/b O & THREMS. 2
DIFEIND, y(O) DI KB ymaxdS & O/ MEymin 3K E 5

(HXOFRIIMECO) LV, JAHOE ST L CTIRENRELS b, —F, FHHELW®0)
XEE CIRENSEYIC LIV Ebbn. 6o T, HHTHEAMEHCHREE L or— IR
TanBEfL, sHMEEZ()RXOfFIChHbE il & CREZM ETE 5.
G)YRDOYODFFE X, (HXDET IV EFHHExL()E VT WD Z &0 6, —FED e/ NRILE]
HEZRT 2> TRY, B2 RO2BOPLIXZOMEMEH VD Z ENTES. LrL, (2)
KD X ODHEF EE T, TOMETFITE Y exn(t) — p > 0 AR S DA, (5)
RNOMIIRLEICIR D, TNERTHRKDBMLETHD. (HDRDOyOIZEET 5 HEAITH W
Tx(O)DVxm(() THZ B, x0Bx(ODRKEEZ D& L, o7V v JikRAL, BRI CHiE
BT 2 &,
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cx 7)— a
Yo (T +1) = elenmrivng, (o y(0) = (11)

if Viax € Vi (7), then y, (7) =
elseif y . <y (7)< Yo

then y, (7) = »,,(7)

elseif y_(r)<y.., then y_(7)=y_ .

(12)

KV (DAL ENITRET BN D, ZDOETFRY 2 v X IZEHOFALEY DidE
LD, Wo T, yu(EMESTEHOFHIME E A7 L, () XOBRZFRO AT E LTHH LE
BEEZMZ, ZOENSEMZRDS.
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6. 3 LIal—avIZkBEEr

ZITIERGE LT, b FORERFICKT D OERKEEEE L, (H)RXOREEED .
BRI 1/1.5Hz & L

2z 1

Jap T 150

T 5. ERMEC)ZNT-T L O ISFHAME O T O K AE & i/ ME2[0.05, 0.95 I ERAL
Lz 03 &5,

B x(0)73, 225JE T A TR U 72 DR & BLS 39 IR L 724678k K O iE oo — 141
FRDOEL DT D.

a=94,b=314,c=314, p=94
x, = x(0) =max[x,_(#)] =0.95
a 94

a0y =224 _o3
Yo =0 ==

BN ER OMEWTE R A/, = THz & LT, FRMERIZLL T O X D ICRIET .
A =4, =27, =6.28rad/s

HEE N2 WA IZOW TR 5. Figs (2, Bt 0fa$kdks L OWIHED F )= Ef#< .
Kzl 5sTA 7V 2R DAL Z N Z BBR O KR 2 [N 7=, Z oz L0 A b E< e 5.
X)) =x() & LC, B3 3 2 . Fig.5(a) TR txn() Cd 0 EddEE X0 b 3.
LD SsEBITHEES HONEBIC YO E(c KT 5. FigsOIHEER YO Lx@o
AR, NN 2 Bl & EFAEE L ONENLSNTITIE L < A2 B0 L

TWh., 2OV alb—ya TSN RWTHIZ, (12):D0 U 2w ZEEREITMH LT
7200,
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{a) Original (broken line) and estimation {solid ling)
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u} 2 4 & g 10
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(b) Tracking of change in period original signal ©
and estimated @

Fig.5 Response of the observer and period tracking.

HEE Z2 B EIZ OV TR 5. Figd ICEDOHEEX() , xu() = x(0) + n(HIs L OELHIE
(0 HEE Sl YO 2R BB LM a0 X ERME T A 0 TME 0, BEYE(RE 0.05
BELUV0.10 THY, Ti=1/15K0 BWEMNS G EN, 47T L HBIREA2)ZHZ LT
. L L, BRI OMEEITHEE I IIZBN T, B AR OBARY &K
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Table 2  Error of estimated periods.
Noise level Error of period estimation
Standard ) Average of absolute Root square mean
o S/N ratio [dB]
deviation value of error [%] of error [s]
0.01 39.1 0.607 0.00625
0.05 25.1 1.47 0.0186
0.07 222 1.89 0.0221
0.1 19.1 2.13 0.0251
0.2 13.1 9.04 0.179
0.3 9.54 14.05 0.103
0.4 7.04 Not estimated Not estimated
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Table 3  Errors of the heart-beat period obtained from the estimated heart-beat
and the measurements by the pneumatic method.
By the results of proposed observer From the measurement
Numbers of

average of R-R

Average of

absolute value of

Root square

Average of

absolute value of

Root square

intervals mean of error [s] mean of error [s]
error [%] error [%]
1 4.72 0.092 7.7 0.134
2 2.45 0.044 3.84 0.077
3 2.34 0.048 1.8 0.035
4 1.48 0.026 1.87 0.032
5 1.02 0.019 1.18 0.022
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