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Electrocardiography (ECG) R-wave

Mean ~ 1,000 ms, SD ~ 100 ms (very healthy)

No HRV

(e.g., transplant)

SNS

; PNS



¸Light-weight (200 g) and small 

(120 x 65 x 22 mm)

¸Recording beat-to-beat R-R 

intervals (RRI), a.k.a. HRV, 

and continuous body 

movements (BM)

¸The EEPROM memory 

capacity for about three 

months

¸Operating with two 

commercial dry cells for about 

three weeks

(Aoyagi, et al., Am. J. Physiol. 278: H1035, 2000)



Hurst
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¸Detrended Fluctuation Analysis

(Peng, et al. Nature 356: 168, 1992)

¸Power Spectrum

tt tp detxtxfS fj

ñ
¤

¤-

-+= 2)()()(

H+=1a

H21+=-b

H=0.0 (1/ f) é anti-correlation

H=0.5 (Brownian) é no correlation



Hurst

(Struzik, et al., Phys. Rev. E(R), 70: 050901, 2004)



ðWavelet Hurst
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¸What is ñsingularityò?

¸Eliminating ñsmoothò dynamics by using Gaussian kernel
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smooth dynamics



(SNSŹ, PNSŸ)

(SNSŷ, PNSŹ)

Hurst

(Struzik, et al., Phys. Rev. E(R), 70: 050901, 2004)



(Kotani, et al., Phys. Rev. E, 72: 041904, 2005)
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ŸMultiplicative

(Kotani, et al., Phys. Rev. E, 72: 041904, 2005)



Hurst

(Kotani, et al., Phys. Rev. E, 72: 041904, 2005)
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Fitting a PDF based on

Castaingôs equation

FX markets (prince changes) Turbulence (velocity differences)

Gaussian at

largest s

log-normal for

cascading

Decreased log-normal

variance (l2 ) with

Increasing scales

(Ghashghaie, et al., Nature 381: 767, 1996)



(Kiyono, et al., Phys. Rev. Lett. 93: 178103, 2004)



(Kiyono, et al., Phys. Rev. Lett., 95: 058101, 2005)
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(Kiyono, et al., Heart Rhythm, in press, 2007)


