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4.1.3. Active tracking/ sensing
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HEXEHN 4.1.3

R X THIHES R ARt

Active tracking/sensing

Koichi Hashimoto

koichi@m.tohoku.ac.jp

Graduate School of Information Sciences / Mechanical Engineering

Tohoku University

Vision-based feedback control

* Key Technology: Feedback

Kinematic error

Result

Camera

State

Dynamics error

Calibration error

- Controller
Control input

CAD base visual servo

Force and Visual Servo

Dual Arm Force and Visual Servo

Bin-picking
(2013, with Prof. Kosuge and EPSON)
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Bin-picking
(2013, with Prof. Kosuge and EPSON)

Densely stacked shiny objects
Estimation of Length, Diameter, Head direction

Tracking 6DOF

W‘

=.- PP RONY TR

Robustness against deformation

Image size : 640x480 [pixel]
Template size : 97x125 [pixel]
Processing speed 1 37 [fps]

Rock-on tracking using visual servo (2005)

Mo g
[ ol
—-—

—

e

Syvem

Soecrren o4 XY Sage

*High magnification observation
*Large observation area
*Keep tracking

3D Tracking CG
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Motivation

* Observe neural and behavioral activities of
animals simultaneously
= Essential requirement in Ethology ({TE)Z)

. . Behavior
oo Stimuli Neural Change

d Activity |
TQu! @ ye.,_

— —

Difficulty in human brain: Number of neurons =

Tools

e Target animal

— C. elegans: worm with 302 neurons

— Zebra fish: larva with transparent body
* Gene recombination

— Implement sensors and actuators in living animal

— Ca2+ sensor: cellular activity is controlled by Ca2+
* Optogenteic Protein
— React against light, control cell activity

C. Elegans (Novel prize winner worm)

* C. elegans is tiny worm (1mm for adult).

« Short time to reproductive maturity (2-3 days), longer life span (two weeks)
* No. of neural cells is 302 and all synapse connections are clarified.

* Most attractive model animal for investigating neural activity.

Neurons in C. elegans

Sensory neurons

Throat muscle Nerve Ring

Sensor/motor circuit

Temperature
L

Receptive
neurons

Interneurons

Thermotaxis
Motor neuron

Fluorescent Protein

* Neural activity is closely related to Ca2+
* Ca2+ sensor
GCaMP: Cameleon:
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Optogenetics Optogenetic control system

» Optical control of cellular activity CCD camera
* ChR2

Projector Computer

Microscopei
I

Blue light ChR2 Kt |
1

O Dichroic imirror,
1

Pattern switch

R
! Image processing
1
1
1

Objective lens, Stage control

Membrane . 1
Transmission light

©. elegans@

Nat O Channel

Microscope and robot Head Tracking in Bright Field

Moving C. elegans Trajectory of C. elegans head

in a bright field while tracking (Reconstructed from the
displacement of the XYZ-stage)

A virtual reality running machine for worms

neural activity
sensory

information

X40 (AFD chameleon through YFP filter)

behavioral
response PC

auto-tracking
system

odor concentration

/\/ \odorﬂow E
<S>

—

motorized stage
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The system
Ca** imaging Olfactory and
Optogenetic
Stimulation

associated with
Auto-tracking
Calcium imaging
system for
Behaving
Nematode

Pattern illumination
for optogenetics

Odor delivery device

=> 00SACaBeN

_ - ot~
Motorized YZK{%\%E\T\,\@DBEEE
stage

Sensor neuron (ASE: NaCl... sensor)

ASE Amphid Sensory Neurons are the NaCl sensors

Amphid Sensilla /

ASEL ASER

Optical Manipulation Video

Sato, Kunitomo, lino 2012

Light stimulation on AlZ

The neuron AIZ of C. elegans is light-stimulated twice (duration of
each time about 5s) when C. elegans is moving forward, C. elegans
responded moving backward (20 x).

Zebrafish — from wikipedia

* As a model biological system, the zebrafish possesses
numerous advantages for scientists.
— Its genome has been fully sequenced

— It has well-understood, easily observable and testable developmental
behaviors

— Its embryonic development is very rapid

— Its embryos are relatively large, robust, and transparent, and able to
develop outside their mother.

— Furthermore, well-characterized mutant strains are readily available.

wild-type embryo

pigment mutant
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Motion of zebra larvae

Zebrafish embrio x 50

Zebrafish -- slow

Optical fiber bundle image transfer

Optical fiber bundle tracking

Optogenetics of zebrafish
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Opto-genetic tracking

Image stabilization
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DD, #wlHs 2000 2 ANHEAME LTV 5D,

Electroceuticals (Zf£ 9 fE2 DA > 37 MBI L TlX., man-machine A2 LV E
=XV TBRIEFICELS D 2 L, FRICEMOERENRETIIR 252 &, TV &
THREN LT, THINADTA I TNGNDEITRDIEhENELZLND, T,
=R D E AL, Rt T RE b S O FEBLO FREMEN B 5,

COXOIBRFLWERL, @EY ZAJ7HEY AT LAOFTIRIF->THH2NIEEEZ
%,
< H &>
R

DT THEAID] Lo DORHDHN, ZhiE AT 5] Lo koL
LT ARV,
b1l

SEETOCRCHII T NN E WS Z T, TAID] EWIHSELE->TWVDHA, FE
TR TN D DL, IR > TV D BHEREMRRRZHET 2 & D | OHEEED PRk
DEY%, 0D, MOKLDOERTOMREEDOHEL 1L, HLERTIZLEEN, bod
BMIESE L DFERRITO - TR,

i

ROKIIAR THDHEE T XIL, —BF T+ — DAL TWNDHEZAITEID,
b1l :

ASlE. HEOIFFEFIIMLTHT, KIEOMREE EHSA v F—T ==L, RO~ v
BEIMEDMNENWD T, ARIZHDETOMKRD~ v T EEIRLE WD KD 22Tk,
JIEA

B FOERRZR~DIGHE NS ZETE I &, =a—vr v —X, HBHEE CTITMNE
I (DBS) & W) FIERNZR Y B Tngd, b &idn—F Y iR
VAT ENSWEE ST, LTS E OCD 5 WEEED H Sfi%E, A Rbhe=vZ
(Medtronic) N RKHUE N T A4 TN ERoT2), K TRODOD T LELTZEWVWIRXTT 47
REEL DD, TTD, WERFEICWAENOTH L, MOBRES, b LITIKRMEE DR
FHZHZ L TERAZ & D &0 ) DL, B2V ETOREICR > TWDHE U T 5,

FRIZHPAX I3 2 EEEXHIN, B CliE7e< T, R 7= U — (periphery) (T
ZEDLLEBENREL D DB ERRVN, A TWETET D EH/ 0 Eu,
b1l

TAEDB- LS bND I, HENZTH—5 v ME~XVU 77 Z /L (peripheral), Z
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NDNEFNTEIEEN, —1B Y OWRE T B2, KIEIZEIT 5 RIAEDOFHEH Ol ik
MEDLIITEADLLMNEND Z LT SATITND, ZNDBIR- 22> TnDH &
KL, TTNE, BEKREEZBREIAALTEFFIC > TV RIFEHL EF Lo, =
TEEDLEVIEEDL. KD~ v 7, FRIX, BEFEOBENT RO TV AIRT T
AV DEEDEXOHIRIL, FHRIIIT L ZAFETITo2 L, 0Bl hofiné LT
DRIETE VD K9 727,
JIEA

HOMNEHITXNE LT,
B4

M2 WD, AHRETWEEWeT — X%, By KA REF 9D, D
FOHIHOFETZ -T2 L5, RIHE S 90, fEER%R D Electroceuticals &9 D23, 7 1
=y ZICHFEEEO R THIET 2013, B TENIHWNEEE D I,

)1

BIEIRBRDE->TWVD DL, /N—< 3R b, IBROERZ AL, 1H L2
FRTHMN, BZFEFRN—~FR b, TTE, BMEREZ RN D, 10 4, 20 4F & HEFF
LTV OTIEARWNE-R S,

B AT

BEARINATDAREDTREE VD Z &by,
bl -

LDE AT LD e R L R_R— T DOIERIZTE > TL HERE S AN
DT, FIOFRRNEFEE, =V FARAT—VFETREANCKH LT, AILTE I B 0nENDH
FHA NS TND,

HPAT
FOEWRTIINY NIZETBLNLLH?
Wil

KHRIZ L TWD DL, — s ki@bin )i, BERZEIRBREN PN T L,
BpAT

HIXZEALWTL X 99D
LA

F— A TOEFHED & = Electroceuticals Difamli 7=, IEEE 28, cH, A7 T
AT 12050 4E & BAZIZ ), LW o0& Lz, 2060 < HVWOBIEZBAERET HZ L
NEIEDLIMEVIFERMDNH TN, BAEDEZTIEDL 2D LRV,

Wl

HARIZZREDPT WS ARV G B2 D Electroceuticals 23 FE > TW T, L
HAX— FD L EZNLHL—THEAEAR, = Z OfEEKICE L CiE, BEAMNEE XD 0NTE]
TEELCWD, TEDOXIRT RRUT—URb5, ECOMHEEE 2D L, T D LEED
DTH UNRITENDS LIV, S A R > TRAUL 2050 2 F THRZARSTH, T8
BRARR BT NS R DR &9 RAERBENH H L, ZIUTEFEE D D DI Electro-
ceuticals £\ 9 Z L2/ D DT, fAAEMICEWLED T, BHEMIIHIRREDH 2D T
RN EFE LT TV S,

BpRy s m)ISEAE, EobHunE S T nE L,
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REREM 4.2.1

ERERER SRR B5T
EREm

R N=2
wIg=

NatureifZBR4>9 Electroceuticals

A jump-start for electroceuticals. Charged by GSK investment, Electroceuticals sparks interest.
Famm K et al, Nature 2013 battery of electroceuticals Reardon S, Nature 2014

advance. Sinha G, Nat Med 2013

Bioelectric medicines: a research
roadmap. Birmingham K et al., Nat
Med 2014

J

&R B FE M EHr: Singularity 2045

Moore’s law: Overall processing power for computers doubles every 2 years

Grossman L, Time 2011

oF (HE) M LEF (IFHR) ~

Regulating life by electrical impulse

o MIFFHENL TEMDHIHE
The functions and organ systems of our body are, to a significant extent,
controlled by electrical signals that travel along the nerves. Bioelectronic
medicines (electroceuticals, bioelectronics) will aim to control biological
processes and treat disease by modulating these electrical impulses.

® JB/INETINARICKDEEHIEH
They will be miniaturized devices that connect to specific groups of
neurons or their nerve fibers and modulate the electrical signaling
patterns, to restore the healthy states of targeted organs and functions
(swapping drugs for devices).

o HAMRIEICEN
Bioelectronic medicines could allow us to address some diseases that
have so far been untreatable, and others with greater precision and fewer
side effects than with conventional molecular medicines.

o FEfY: LR, BYYEEEE. RS SN o HIEE

SF BT

QU ARENE B R AERRBE & S E R 5T

r
Cholinergic anti-inflammatory pathway

( 3
Inflammatory reflex PBAER') T FElectroceuticals S&7#&

Tracey KI, Nature 2000, 2002, 2003, 2004, 2012, 2013 Koopman FA, Best Pract Res Clin Rheumatol 2014,

Nat Med 2004, 2004, 2013, 2014

Science 2011, 2011

\ s \ J

HRICIZYGDIRAEE

(o Wit B 5T )
o EEE.E.RE. ABEESR

o HILIE. P, RS

o muR EHR

o FIHEEIL—THE

* FEELN AL LEEOBENTS
U EREIEAGYORREET
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BAOELE

® EIB S5 A8 5 O Neuromodulation DEBEH T THREZTE

o X% FEC iNERIS. BE B HEREMOMEL

o BIBEIN BRI —T HIHICEE

© LA HIED T ER

© i [F | B

o LHDERKRARICEH>TLVS
ONIH(SPARC)DE X EDEZ(ZRHE  Ancasumons Pa Dudey Whie

Award% R E (KR / ATRLMHFSN
2R OAIEE, 2000)
g J

MZRl5: EARKEERE S AT LA
(2 k2 I [ il 1]

( SaAooumERS )

L1
R E
8

Ety— | mmmm

4) \‘ MmER 4/

CRDS2014 WS 8

2015/1/27

mnEFIES T LOFERKE
(ETIVEIZ KB HI1H)
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120 ; g
s No bionic regulation
£

Heart rate (/min)

AP (mmHg)

Bionic regulation
120

P 100 H
3

ngle  Cu
(Degree)  (mA/cm?)
88 8

3
@
3

Angl

240 -120 0 120 240 360 480 600 720
Time (Sec)

=
&
°

(" 90@_ )
r N\ ﬁ‘ 1 [ ﬁ
0
s e RS £
I ;‘-")l« 355 1: WWW
B 0
20 SAF =
nE E 100
AR So— I3 =l i
N Plant 0o 10 20 0 40
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Sato T et al., Circulation. 2002
BE(CHITAHMmMERE (T, Fi8) DAL BREFZDORR
C—— - @; h R L AP ERTEABHTRE
3 ’if\\( A 4 A

\_ time (sec) )

Yamasaki F et al, Circulation. 2006 Yoshida M, Proc IEEE EMBS 2008
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fixi% 2 Z S Electroceutical ETILNLRATELDAE
Y ~ |l
DA &A%E (HFLEF) (HF.EF) BIED') XY
( | AP o LAP )
(eec) — control
w000 — SAD
2500 — High salt
SOZ |
\ J \_ (mmHg) (mmHg) )
W/ Py . L
BT 2 LB BREERIMIET iz Rl% : SuperBaroD#Re
4 )
- N resuistory 2
< @ oy
depressor — = 10
Ve e
% @ ! 0 5 10 15 20
W Infused Volume, mi/kg
\_ J Dunlap ME and Tang HW. Heart Failure Notwithstanding Ejection
Fraction (HFnEF)-A Possible Unifying Hypothesis?
Funakoshi K et al. J Cardiac Failure 2014 \ )
= ’ y— . Y4y ~ kxvi
HMEINIHHREE FRK I AR BBS AT 1
4 . = N
1. MEBHERAO -/ REM (BBORF) r N
2. HREMMBALA—T A REH (encoding & ® KENIH: SPARC (Stimulating Peripheral Activity to
decoding) Relieve Conditions): $248m
3. AAHIES TR R ® DARPA (Pentagon, Defense advanced research
4. EHERGHRFHOEESRT LBIR projects agency): $79m
5. BL—THIEICBAR EEEEYE, WEE 38 ® GSK:NIH®DARPAZ B2 # REA DX iE .
REDBNL LS i Bioelectric Medicines Summit 2013, New YorkZ ¥ fi:
60
6. ChOOETFLRT AEXASERHEM seom B
_ . SRR @ Brain research O OM, —BOY /LTODIHME
7. MRS B XROBHEBLTIELY iy .
8. BW(RE) OB CBELET VRN ~ -
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HIE 9 HEMX(1990™) HEDEE
— (1. REER AT LEEOME
. neuromodsiaion 2. man-machine integrationlZ&k4€=41)
. VU REDEINTE (BFEEi)
. 3. BETULTIZKDEH VRIFAE. A
HHAODABENLGHE (KEETILOHE
5 - %)
g = 4. BT E B A A (Pharmaceuticals,
" electroceuticals) . B &8
0 5. EEOE®E/L, QOLF LIZKD
AR DER
PPIFPPFSL PP PSS EFTEESLPSSESS \_
\_
ETILDEWNEZAIZEIE]
HIEHDEWNEZAIZTEELZL
-
TR ETIL
AR So— HImE %
N Plant
\
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4.2.2. KFENREORREERRAREZRINTS DNB (B8R Y b T—IN1H

7—=7-)
(RRAFEERNMAR SR—FLKE)

WEAED 3 A £ THBIFO FIRST Yy =7 o<, Fxld, HHEROKHEET L%
EDTDDOFEREIEV 723, ZNENVANARTV AT AMISH L TE T,

BB BISEARE O N IIEIRIEIC OV T, PSA (RISZIRFFRBUR) % e’ b
WibT 2 WO MEEIT o7, TAUT) £<ATo T, MEE LTI EK LT, £ 25
N, HEBIZHLAI E L6, FIBITIZIPSAD L S WV WA == oT272
OIZTE o le, TILVTEZXTZON, AHDEE,

WH O A~ —H—%, EEEIRRE LIRROIREZFRAT D200 b DER, Foxidik
PRICH L2 & A I T EBFIICER LT, EZBEOT—F TENE AoT 7, ThORK
T O AT NDLO0 Foxr N )Ry NU—2 3 A F~—7— (DNB:Dynamical
Network Biomarker) &FEA TS EH D,

DNB O#ERIZHOWT, ETREFERDIRBEAZLTERIRE LB XD, @EIREETIX, /D00
IRANRIZR -T2, fRAMETZ0 LTH, —HED LITITES, LR - T, @ERIRER
TR —, T, BIZITEICRSTRESL, BRERNLT N T 7 X —, WoTlt AR
IR TCLED EZIDOLENTOITIRE, ZO2O0DREERDD & FIFE VD DI,
BFERT NT 7 X2 —ORRDT 8T 7 X —~DIEBRRE N2 5, LIz o T, ik
BEfir3 2 & WEENEALT 2 TIKDBRE 53725, DNB X, WAWAZRIFRDEAL
DT IRE BT DA F~—T1—,

BEHTIE, ZREZRFIREEEE O 6 L, A ITENERFATREEE S > T\b, T
BN, EFET N T I X —=NEIRERT b T 7 X — DSy DT OIREE,

BRI =RV —DRT Uy LV TA A=V T DL BERREL VD OEFRT v
X NLDETEEL T WD, IHKREBISESONTL 5L RTFVU vy ANELS o TL b,
TN EELS 725 L, 7T 2 =TI << RVIFKORE~NREBER L TLE S, BER
TORID, FFEOWDLEAER LT, o iuL, BHRIREN DD . £ 2 THKE
FAUX, fEITICRE H1ET,

LHFET, SURADFERT — X e ffio TRBEBETORIARY—V 270, AMTIEB
FIFFR NS ZEICATS AT =IOV THRZD LTV 5D,

DNBIZOWTE DD L, fHxDNAA F~——DMREIZK L TR ITRWVA, Ry
N —27 & L TIEEEIET, MEOEOTIROER AR TE a7 NONAF
v—=H—L\WH LD, EFR, AMROKEF T —FE2LoTHbo T, FaN
T3 52L& L Tnb, JST O TEFoTib, B OEAEIX D 7= 0 O N E |
WCHEIRES Tz,

FLOCHT 221 FOHEOEFETH S [HEAR) 1o, TAERIIRWIREZIBET 5, =
MOEZITIFRUCR ST ANERET D LD, Fxr OFEEE 2R, Vi< &L RFIR
EDHA IV ITNGNDEDT, ZhElio TT_RTOEFICLEICR> TUELWERE- T
W5,

pEb
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KEBHLLANWEZXTZEE YN, BEZE U0, RREVWIDIET F T 7 2 —nE
I WEIXT N T 74—, $9 1507 hTF7 7 X3 LEE S, FHRE VI DL, &
WA Dy, FE BREICR A O T a2 TIZRONE W I RN T 5, Hl2iE, Y
EWVWIHRIEIZE XIZZE D, HIUIT b7 7 X —TITR L TR T, SEhh, EXDh, B
MIFIIBZEHLT b7 7 X =R RIFRENRH 5 000H LA, T b EREOIREL
RODTLEI &, FyEHDIZI ~ANI &, TTNRL, RN T T 7 X2 —nEoht
W ZEIZoWnT, D LBRZE T,

A

SERNCE DN D DT LS HEMETZ D, ZHUIT—F 2R T, I BEGEE LTt
HRVDT, 00> TWiaWZ b, 2L, BT v 77 2—nhEE9 &, FATE D
ITE S TRV, JEOEENITEX RV, LEN->T, HEZRTE ) & ERICEHLTW
HE O, fRIZR S TWADT, ThI7F2—LI11ED,

K

BRSNS R o =D TN, ERIC A, ~—h—L LTHRIET 20T, ks
Lo T, BBEFORBIERDL EEZEZTIALVD,

A

Fx DEREZL- TWVDHDITTIERY, AP Do T —4, fHlzIX, v TR L,
KEDO~Y T ATEREIHED T, WANWARIA IV T TR 2IE 5T O2OT—4 %L 5
TV, RYITHONZ A I 7 TRIEWD, eI R oo, 5 Lo
MOEDIEH DT TV CTIERERFZE S M A /RS,

BziE, B =R =T T TN T, UTAEZALLTHEHND LR bDNR-< &
NEND Lo T= b, REITHN oD, I3~ 7ed T, £HILTE
2N, AR P ORELHE T, AMZE-o726, BESADOHDO TN TELE &5 L0
22 &,

KH

BERCIGHT D & 23, BETRITHARL Y LW I Z e, Zhtbbo b, fHlxIE
BH & DBERIENE L D,

A

ZAUTIRR Z L A2V DNB 26 2% BT 72 1 AULWT 220 A, SfFEE LTeA 9
ELTWAHDOIE, BV &2 8B T3,
KH

~ AT, LW\WHZ LTt
A

W, AT B R BLE A i,

KFH

A CHlfEkZ L > T 200, e bk 7L ?
A

MR CTHIAAUE =BV, BFZEL LT, BE O HfkE & 2 /-5, M7 TN
BLTiE, #7LbBEEFDPVVEFEZRVOTHOT—% 8 5,
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KFH:

RIFEPETHIE, WEOTRAMAETIWESS, LMLEEFRFE V- TH, 104ES
HBVRTNDE, DECMORBIEEZR T AER ISV ARH Y N T U ANRKE,
BIEFRATRITIZWITZ20nEn oozt ERETE R0,

A

B THRBBELUSNOT — 2225, 4. M~v—H—ICBLTIEZE D TIlERnr —#
TRAH ELTWD,

LA

CHUTEER R TODLERET 2R ZD VWD Z & T, BERREDT T 7 % —H
KOWRZET —ZDOFERT 50 X972 EOFTEEMITE S BE 2,

AR

BxlZ7 77 2 —ICHl KRB HLOTEEHRL TVD, BEL ZOEAKZE L, KA
Y ReT NI H—Eotemn, EREIEE D TRVWEESTHDEDT, ZHITEORD 720,

A
LTI, EBbhrEnd bl bIHIDURFBITENTT LA,
R

T, FEARRNZIET T 7 X2 =N, BIZIERA T N T E—ThADE, A A
TR 2—ThHAD L, RFAKIZ, BT DHIINA R EDOFFNREVDFEIT/RD DT,
7 h7 7 X =R TH NN EES,

JIEA

ARF D TARYITFEKIIT NI 7 2 =00 Wd & Z ALY & THHERH 5,
FEHIX, FRIXT F T 7 X2 —=7ZLEZ 200N, Tt POSBEWFO LI R ExE-
TWDABNDEMNEND, T—=EZRHDLDNESENE L THRTZ, AR -> TS, I
FDOEI R EEENWVIZE SO, 7T—H— 047V =7ZLHEoTn%, LED
HMEIOH AR « T FT7 72 —=THPALEZ, HOLIRLDONRELL DANRRBDOTNDHDT
ECAAV/ERN S

BHlix, BHEAICELTH, A= biE, OCD, 9o, HHEE, MALHIET, Mo
BOLD 1577@5’4ﬂ‘\77<71b> DM E L RBRE T, S RWITBIEMEIZ i D
EWVWIHIZELRTWD, TRIIZ X —THDHEBIRVWERPTERWEE IR, BbHL
ANV AT 4T 477 Y7 A, JFT RS RWIERNC LT
B

HOneEd TXNET, RIIVEBRRIZOa v MIFEFICEATHNT, YT
J—%% 9 T3 L. Leon Glass # dynamical diseases & W9 EA 2 H L=, fEERRICEE
LTI, DR T I 78—\ Z B mghoTETCWAHERS, ZRUSMIEL T
INPERLRTIIXNT 220D T, EOMOT — & Zfiffr ST 7EE 0,

BpAT
X, BEIC72 D F L0 T, SR ES TXNE L,
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From DNA to DNB(Dynamical Network Biomarkers)

Detecting early-warning signals of complex diseases
by dynamical network biomakers

B YT — O N\AFT—H— D

EROPIBA : B/ (AT —H—DRR,
REBILD T IR AR NAF T —H—(FRFER,

-

BRDNAFIT—H—EL TOMERFRTNEBLCTHERYNT—VELTE
1BOTEMEET. R DHFITEVTREELO T KIRE A TR,
ELFLVRYNT—IN\AFI—H— DB EIRE LT (45FE2012-211921,
#5BE2012-233886; Scientific Reports, 2, 342, 2012; 2, 423,2012)
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Mathematical foundation

System
Zt)=f(Z(2);P)

Driving Factors (unknown) Responses (observable)

// “Parameters P \ /StateVarlabIesZ\

/
| Slowly changing factors, e.g. genetic ,‘ e.g. gene expression, )
protein expressmn/

(SNP,CNV), eplgenetlc(methylany \
acetylation) factors \\

-

- -

The progression of a disease is ¢ as the ion of a

system.

i.e., identify the leading network which makes the first move into the disease state.

Potential Energy Function

Normal

Disease

Critical slowing down

Critical

Critical

Progression
Deviation

Disease

Disease

e
Disease

Main idea

Mathematical Scheme

Transform Transform

Subnetwork or
DNB in original
space

Generally, one or
two dimensions in
center manifold

Global network in
original space
(unobservable Y)

(observable 2) (observable Z)

Complicated equations
usually in very high
dimensional space

Complicated equations
usually in very high
dimensional space

Dynamics is constrained
to 1 or 2 dimensional
abstract space
Y(k+1) =g(Y(k); P)

Disease progression

Before critical period

tical period
(Normal state) tat
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(DNB)
(The Leading Network)

Composite Indicator based on DNB

PCCd : average PCC of DNB in absolute value
PCCo : average PCC between DNB and others in absolute value
SDa : average SD of DNB

1. If both i and j are in DNB,

2.Ifonlyiisin DNB,

3.If bothiandjare notin DNB,

Main Theorem

Pearson Correlation pee(x;,x;) > £l
Standard Deviation sd(x;) and sd(x ;) —> o0

Pearson Correlation  Pee(x;,x;) =0
Standard Deviation ~ sd(x;) > butsd(x;) = bounded

Pearson Correlation  |pce(x;,x;)|>a (0<a<l)
Standard Deviation sd(x;) and sd(x,) = bounded
Three Measurable Conditions - Critical State

It always holds provided that a system is becoming sensitive to external g , regardless of
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« L. Chen, R Liu, Z.-P. Liu, M. Li, and K. Aihara: “Detecting Early-warning Signals
for Sudden Deterioration of Complex Diseases by Dynamical Network
Biomarkers,” Scientific Reports, Vol.2, No.342, pp.1-8 (2012).

* R. Liu, M. Li, Z.-P. Liu, J. Wu, L. Chen, and K. Aihara: “Identifying Critical
Transitions and their Leading Biomolecular Networks in Complex Diseases,”
Scientific Reports, Vol.2, Article No.813, pp.1-9 (2012).

« R. Liu, K. Aihara, and L. Chen: “Dynamical Network Biomarkers for Identifying
Critical Transitions of Biological Processes,” Quantitative Biology, Vol.1, No.2,
pp.105-114 (2013).

- BRE THFITEIHAOELER], EBREZ, Vol.31, No.18, pp.2925-
2931 (2013).

« R.Liu, X. Yu, X. Liu, D. Xu, K. Aihara, and L. Chen: “Identifying Critical
Transitions of Complex Diseases based on a Single Sample,” Bioinformatics,
Vol.30, No.11, pp.1579-1586 (2014).

« R. Liu, X. Wang, K. Aihara, and L. Chen: “Early Diagnosis of Complex Diseases
by Molecular Biomarkers, Network Biomarkers, and Dynamical Network
Biomarkers,” Medicinal Research Reviews, Vol.34, No.3, pp.455-478 (2014).

« L. Chen, R. Liu, X. Wang, K. Aihara: “Dynamical Network Biomarkers for
Complex Diseases,” to be published from Springer.
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« YVABBHTH T TORAETEEIZCHE

IORAEHBTE T TORRX X L% (FEEHE B FE PR)
DRAFD—TEHI X LRYRARTLE

(Nakamura et al, Curr Biol, 2008)

in vivo Multi-Unit electrical Activity (MUA) recording

Main Amp.

Infra-Red sensor

TORAEHBHTEH T TORI R E# (FRLEH A& PIR)
OEAFD—THIXLRYRAFTE

(Nakamura et al, Curr Biol, 2008)
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vy

(Adam, Nature, 2013)

2EHKEEORETRIETSERAEEZTIA
TETIWEHERTS

(Nakatani et al, Cell, 2009)
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In utero electroporation

Thinned skull method
(PFC)

DsRed In vivo imaging
H-line (Thy1-YFP) (PFC)
ALV DFAFTIVADELL
2R FERMEE
J::[AY
in vivol TR
AA—=DY

(Isshiki et al, Nat Commun, 2014)

« KEEFZE AV IR E RN

JERFE AU iR R R AR AT

(Alberts et al., Essential Cell Biology 4 ed, 2013)
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By zapping the brain cells of mice with light, researchers can create, erase, or alter memories.

American Associ Advancement of Science

iation for the
Science 2014;346:1444-1449

Published by AAAS

o WUNREREEZ ALV zin vivolXRA A—D 0T

WUNREREEZ LV =in vivolRA A—D 25

inscopix

(Ziv et al, Nat Neuosci, 2013)

Nakai's G-CaMP Clones

WUNREREZE U =zin vivolXRA A—D 5

inscopix

(Ziv et al, Nat Neuosci, 2013)
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20

Spatial behaviours in a virtual-reality environment.

< A {RBZER

CD Harvey et al. Nature 461, 941-946 (2009) doi:10.1038/nature08499

(Harvey et al, Nature, 2009)
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