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Nonlinear Time Series Analysis and
Its Cross-disciplinary Applications

This laboratory develops methods for nonlinear time series analysis and applies the
methods to real datasets of important problems including ones from lives, brains,
cancers, earthquakes, weather, renewable energy, and foreign exchange markets.
Our current main focusses include (i) developing methods for analyzing point
process data, where events are observed at irregular times, (i) personalizing
treatments of cancers, which hopefully improves the quality of life, and (i)
understanding high-dimensional time series In intuitive ways.

500 [#rev i

1

& AN = $8F R '. 5 B T AT LA T
S rig e £ = A oo d i ::.-.f'f,;.%i-.},?__; - .,#?{ CNL O .
58 S0 e ST = 50 T ES P FIFS e 2 R AR WA A T
400 S I R —= . TS R P ™ o P BB . .-é.'&.l-. >3t 1 .b."_-.:_ae : . 1\‘ N
A S B P = S FL . FFEFF NG I o YR E R &3
o -'_- & . K . & -'_- -'- . . —:;. u' g -:_- » u w' o -.'. :,:_- e ‘ﬂ i* “.‘r- :Il_- poih . 't& . ﬁ:
SE LA T e = FEFFS T S of et ARl el N, RSN WE
g .5 5w &0 = # &0 # FARF I U o SO AR 35
300 O R A LI P —__E_’:,‘ N FOR LA o { & ¥ ! ¥ i‘-‘ "‘.\'-.‘. —e ,_t:", "t o}
Q ' » . . .""-' » -"'... ¢ Q _—_'-if: Q . . ."rr . e _ﬂ‘. e =+ =+ o _° !;" { T,- ﬂ' Vv . t: ﬁ‘ ) - '
= Fd LSS rasds N El = | ELAS TV E S SSF 0sr ek B RN Sy
= . ¢ P & o| = — i — : S = = P S E . 1y o 1 :-__'-:';.'g..
=o00 [0 e ST IEL =R S A 2 oY A e el
.*f' .-"' ‘ -."'F' .r._ 'f" & — :F K. ..-F 3 .":r 2 2 20 1 - '5-:.“"‘ 'ré':“.! . ﬁn.,':_’r!f:*'-: ‘:'g-&t:"i“:”:": tagse
’ S S = s & F - —Ir v 3 R el WA oY L D AN Ll ws
R = N Y IR ') T AN i e g T o X
100 -‘I ¢ ..-'..' .:q._!' :..-' £ ..'- 'l: '-,-t . ... -.-‘ 'l" l" ___:?_;E‘ -.E . . &5 . s r . = .;.:r P "':‘L" :.?..' ﬁ(i{:.i:'%:ﬁz._ b :!ﬁ.;-:..'-‘f "Eh‘;%;? m} :_';ﬁ-%fff,
L TS s TR A PR ——= - < e B toga i, s > 208
S, .' SEFE S SSE = &, FlSFE " '?'-‘...:? '“ w»__:sh A T -
o e & ST E . & FET T ESE e 410 e L ETON
.-i. - 'i' . .l ; ." . 3‘ .: . o — - .-" - ’- S o ".'_.-'.:‘. 'ft :_. . - ."- .:5.‘!!_‘
0 F ool -.-f S FE L == £ S F . ,1 0 e e,
0O 100 200 300 400 500-20 0 20 O 100 200 300 400 500
' ' ~2.5 ' |
Time X Time 20.5 0 0.5 1 15 2
x(t)

Fig. 1. Recurrence plot (left) of the original time series (middle,
blue line) generated From RoOssler system and recurrence plot
(right) obtained from Its local maxima series (middle, red
crosses) using the distance for marked point processes.

(ref: Suzuki, Hirata, and Aihara, Int. J. Bifurcat. Chaos (2010))

Fig. 2. Noisy |lkeda map partitioned into two in such a way that
the information related to dynamics is maximally preserved.
(ref:Hirata and Aihara, Eur. Phys. J. Spec. Top. (2013))
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Fig. 3. Intermittent androgen suppression for prostate cancer:

Prediction steps (arb. units)

Prediction steps (arb. units)

Current standard protocol (black dotted line),
minimization of growth rate (blue dash-dotted line),
And model predictive control (red solid line)
(ref:Hirata, Azuma, and Aihara, Methods (2014))

Fig. 4. Time series prediction with confidence intervals:
Actual values (blue dotted lines) and

96% confidence interval (red lines)

(ref:Hirata et al., Renew. Energy (2014))
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