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The purpose of this project is to establish modeling methods of respiratory systems and to
develop decision methods of optimal ventilation conditions for intelligent monitoring of
artificial respiration. In this project, nonlinear dynamical models of respiratory systems
are proposed and its parameter estimation methods are given, furthermore developments
of applications to artificial respiration are performed for this purpose. Taking features of
respiratory systems and usages of the models into consideration, respiratory model with
hysteresis elastance and its parameter estimation algorithm, respiratory model
considering breath perturbation and measurement noise and its periodical parameter
estimation algorithm, respiratory model structure decision method by using GA, fuzzy
model of respiratory systems and its parameter estimation algorithm, ant colony
optimization method of fuzzy membership functions for fuzzy respiratory model, etc. are
developed. These developments construct a framework of modeling respiratory systems
and give a bright prospect of intelligent monitoring of artificial respiration.

AR ERA
(REHAT 2 1)
[ERES NN [MEESET i

201 0 1, 300, 000 390, 000 1, 690, 000
201 24 1, 200, 000 360, 000 1, 560, 000
201 29% 900, 000 270, 000 1, 170, 000

R

T
&t 3, 400, 000 1, 020, 000 4, 420, 000




T I I= =

i 043 F - #iH

CERETF LY VAT ALE

F—U— R NS FTVRT AT [ET - AT

1. WFFEBIsE S WO &

DIHE LD L9 72 B DG A& DI BT,
EH RO VB 72 TIN5 F T, 8L <
N LR REiEIME DI TS, N LI 34
ERAN B —E DJE I THE R 22K & Ml N IZ 2%
VA, 7=, B AT OIE T Thtiod F
DFEREINTICHEN T2, Lo fath A 7L
EROIBTZLICL o Cle#E L bR
DR EITH Z L TH D, N TR O E 2
BWTH, BT — RoEofamiE, A
WEf, SOENIE ERRfEZ: &, # S 1cB b
L EAMIEICHET DLERDDL, ZD
DFREEMEZ D & BEOEMITERNE
U2 aREMEND D, B, KaEWNENET
EDL L ERAN~OBFEMIEN Ao L0 K
FKHZFKGENEN T & 5 &Ml ki 2 &
BRPEDN S D, 5% DERE DI AT LD K
PeEaY . FOBREICE ST WEREM0OHRE
BRO LI TV D,

UL, ERBEBICBONTIL, BEDKE
5B L TR OSENIE LRI % 5% E
T 57 8 NN OBKEEDOREITRE
SIET, fHx DOERNE D ORERSCEIC X -
TITH OMBURTH Y | HEEIZLHAAD
Tl XTI UDERMLFEOEREITENR L
W, FRIZ, BEICKARBMITOEL S, M
RORERENKEE) DT, NLHEERO
PR S DRR B I LUV 2 L 22 uid
2570,

WS AT DDZAF I A e RYET
b E LT, 1k B 1 BRIy iR A
F LR 0tis, Mead =2 Mount 5 D 2 BERRIEI%
DIHBRET AR LB, MOTT A A
RZ[BEDOLI AR AR ERE LTREL
TWBHD, Kk TAHY v AHFEET D IE
BIEARE 2 £ 2 LR HKRT, T ORI
M He S < KB E S ERRAE 0 3% E 13 R ER
W CH D, HEFRT, o= T A% R
DIBIHITIER L, ZhZ2EEoLEAT
FBLLIZIEMERRET VR E I LT
D0, MR OEVEERE A+ ICRBLTE T, A
RMICEHETE 2T AL ADHENE
Lo Te, o, BEOMW Y AT LD
BEMEIC L > CHBIWIC ) 2 Rk Sk & HE
BT BEEGRIEE N 2 STV o T2,

ZOX )RR ERE 2, Bald T AT
WA DERZE Y AT LOB3E], [
VAT ADOERANBEETT VOREE I kL
FEDONTIFRA~DIGH] &V i A %
L. HFOMEERT, 2T AZ ALY
A B ADSEREKINC X D IERIEM D
BXEFL, BEOZTRAX L AL LU R

» AD RBF % v U — 27 £HIZ L B IFRIER
DIHBRXETVEREZEL, TOETILVOHE
RELNT-ETNMICESL KERNE LIRE
DPRTFEIWZDONWT—EDOHAEHE TN D,

WFICISTRE BIZOH, A2 T A o TRE T
LG DT — X ORI, MR AT SHEHE
MIZ XA EYMBFEAZEEE~OXL, v 2T
US AZTG AR ABFFOMEER S AT LD
BT VT FRIRRE A B3 2 R S HE D
e ST & RS2 ET DA TIEDOR
IR EORENHAICRD, AT
O OREDIRR IR %2 B 2 120,

2. Wt oHB

N TR L, R & 9 AR B 72 B RE
ZIEMRDY LTWDRUIZRERETH DI
HLrbbd, BEOKRELE BRI LT
SMEBRETHRE, 0 RS- X EM
ZLTWADORERETH 5,

AL, BRI 2 N TR D=8
2, flEl % OEE O > AT LOFHE % 5 IR
HEL, 4 OBFITREOBRSGMZ2RE
TELERLE AT LOWEEZHM L L,
B o AT A OERTE T L OREREE, K
KETND/NT A —ZHEENL, FFRIRREDRE
ik, MR O i RIVR SRR ORELE R & BF
RN E O BRI O/ HZL T
W5,

3. W0k
WL B E LT D 72012, WFoiiE
1) EXT VI ADTT ALK L AZEO
W7 )V OFEERE ;
2) B AT U v REETIEFIEERREE T
TIVDIRT A — K HEEEDBR% ;
3) FETFT— X OFTLEL T EDRENT ;
4) BHABFBRAREERZRAMT — % O
TFEDOREST. ;
5) N TIER O RE RIS E R O FEAm 715 D
BA7E
6) W DR L & i BHARSF OR%E
EDBR%E
R DY T T =TT, W IE O
NEZIRDB G, IR EE L rHENE
NENOY775—<%0H LT, HREOHEZRE
BiizEZR L, BHEy I 2 b — 3 UO0RME
HEDEREZBBL T, IREFEOFHAME - A
WEZRGEET 5, WFCHEEED -0 BFFRIRE
. WA L OMRIE I D E 1 B o B,
BTN % AFZEBRFE O SR S U CHF
ZRma & . ARUFSEICRE T % B RARHS
FAM AT AT D,



4. WFFERkHE:

(DeAT VU RAEEZELIEMNRET LV EZ
DIRT A —=FHEEEOZE. LIRTOMZEICE
WCITAIHABR RS & L C, &0 P-V Hifko B A
TV AE®ME L CHERET VERELE
DIRT A—HDHEEZEIT > TV 2Ds, ARFiX
MR & W AR D Tl 8 R 2 8 W C il o B A
DRI STEY, ZOEWBEA P-V o
EAT Y RAE LTENATEY, ALFED
SOERER A 2P0 DR HLE LT P-V i
S L EITERICKR--TERAT IV A%
ERLUT-HEEHEAE E LV, KBFZE T,
MR & W DY) D i 2 I TR P-V ol
NE—SZmETsZ LIcERL, MR e
K[CENENBRRLDNRNT A= E2FEFO2E
TIVESE R RE L, MFRNR CTHhET 5 08%
MEREE LTER L, MESM(TE T
A—HHEEEEBZE L, B P-V o e =
TV AERBAREIC LI-ET LR L
DINT A =B HEELEEREZE LT, (FRREK
)

(2) MR DR E L FHAl 2 A X% & L 7= Rk
T AMETELEOBZE. PRI — RS &
THEIICRZ DN, FIFIRKED 2 EHEE)
AR L LD BRI DR « 7 - &
BIZBWTHICEEIND Y, IO A
APFAET D12, 72 2 EH O P-v g
SERICERDZ Lidel, FRAMTHESN
LR OBIEARITEN TN R DR L 22
0, BEONEERS 2T LOKMELE LTEDOHE
ERE R 2T IVER W@y 2 f W& L
RITIE R B0, F 2 T2 ORIEOfRRR
LT, mul e B T — X B A
DT — B, T A — R, §RY P-V
MR OEEELRE L, HREE1T > 72
INEOFEITLY, FH A X DB
OFEET LET —Z0b bR E LI-H#H
EfRE2B/LIENTED LT,
(FEHED)

(3)GA % FNT= IR 7 /L O IE TR E 5 O B
. MRETLE LTI AZ 2 ADEH,
FERIC L 0 ZHEAELHAET L & RBF % » b
U — 7 REME T UNREINTWDENRN, £
DOHEEZ D DHT-DIT, EFLOFAE LT
N XERERUE (BIC) RS EE L, =
& GA 2 XV Feifb 3 DA s E kx4
REL, MET L OREEDE R EO R % X
STz, (FERERO, @)

DRSS RATF DT 73 4 ETLDIRE.
NTLIEG ERE LIRS AT D OREORE %
ExDHEE, FEREEOFT — & bk
HERET HHMLL < OBRF NS OIE
F—BEbL LIV AT LAEEG AT

AT HGET7 7 V4 HEmpsE I Th Y, &
DEEWZNERS AT LDET VG T 7 4
BB, BEEERBW. RFETIE, B
BOWSIRMs 7 7 ¥ 1 #EgmiE 2 W T = Z X
B Ay T L L, BT VKA IER
JEHEGREM S AT LELTEDNRTA—H
OHELEZRRE LT, (MO, @ ; %
2%EROQ, ©®, ®, ®)

GRS AT DT 7 4 EFNDT k=
0 =—E{LIEDIRE. WO T 7P 4T
MZBWTRE VEKICER SN T 7V 1
ANy PR EL LI T AX AR
BaiimnT 20T THDIN, TOALNT Yy
T RO MEILT — X ABEORRBRIC L
—EDHEIFATIRD L Z LNA[RETH DD, F+
OFIENFRE & 70 o TV, ARGl
BRI X DRI TFEE L THmbOND T
Y hao=—KiE{EFEEZEAL, (4) TiE
BLT7T7 7 VA MRET N EERELT D)
EERERE L.

(6) FEARIEENH)E T )L Hammerstein &7 /LD
WEEOWE. Hammerstein 7 /LD H T
FTUHE N A RPIFET DHRITHONT, ¥
=7 by NCAMNT—2 %0 L, TV
DINT A =B EWET HHIEFRE L. £
TV O ERIIERTE R 3 IE AT 2 HA TR B
L, % AOMIEEIRIE 1L ARMAX BT /L &7
5. ARTIRITRFRIFEB O /N I L i L
TENAN TV ZEPHEY I 2L —va»
THER SN TS, (FREKOQ)

(1) BEF L DA T ZHEVE O — P
HDIZE. AHFIETlE, HHERR~ MY Y
AL A R EIRE DMLY L%
BATLHZ LD, AT AMEOHK—H
PSR ERESE LT, ZOFEADE & Tl
BEAE DS A T A EIEIIARIR E O —Fef
BHDOBEFITHDZ ENEL NI oT-.
FERR @)

5. EpFEFimE
(WHFEEAE . WFIEoHRE e O HEAT 723812
ES 7Y

CGdEssamse) (Br4h)

O TFHEER, SILEME 77 ¥ HEERiED
AR £ BB L 5 Y P-V dhfR
HEE~DEBIZHONWT, fEHh LERFF
ZERCEE, Vol. 42, pp.78-83, 2012.

® L. Jia, R. Tao, S. Kanae, Z.-J. Yang,
K. Wada: A unified framework for bias
compensation based methods in
correlated noise case, TEEE
Transactions on Automatic Control,
Vol. 56, No.3, pp.625-629, 2011.

@ HHEIEA, @ILEM : 77 ¥ 0 AfEdals




WD T AL A LR P-V RO
HEE, faHLERFHZEAE, Vol 41,
pp. 82-88, 2011.

@ LILEH : PR AT LADET Y T E
N LR OHR SR DR EICDOWT, FF
W) & HI48, Vol. 49, No.07, pp485-488,
2010.

(FaFR) GH1L1F)

O HiEER, BILFEM: 7o har=—k&
BETFEERAWCZ I AL ADT 7
A WEEIZBT D7 7 ¥4 BEOWREIZD
WC, #5655 [B] E Wl A A R T 2
pp. 1243-1246, 5L#, November 17-18,
2012.

@ M. Nakamichi, S. Kanae, Z.-J. Yang and
K. Wada: Estimation of Pulmonary Elas-—
tance Fuzzy Model by Data Combination
of Two Respiration Phases, The 2012
UKACC International Conference on
Control (UKACC Control 2012), Cardiff,
UK, September 3-5, 2012.

® 7.-Q. Li, W.-G. Luo, H.-T. and S.
Kanae: Parameter  Estimation  of
Hammerstein Model Based on Wavelet
Packet, The 3lst Chinese Control
Conference (CCC’2012), Hefei, China,
July 25-27, 2012.

@ Wz, @ILEME: GAIZ K HFFRET
IV OREEREIZOWT, & 54 [8] B B
AR 2, pp. 1394-1397, EAE,
November 19-20, 2011.

® HUEIEAS, @VLAEME: BB SIRMs 7 7
AHERRIEIC L DT A2 L AHEE D
BB ER BRI OWT, 5 54 [F]
B BN G R 22, pp. 1398-1401, &
f&, November 19-20, 2011.

® HiEER, SILEMHE: 77 amY s
ZHRWET T 24 v ADOHEEIZ DN T
BB ORBFEXUCE T 5 —F %,
Rk 23 AR PR F S AL S E A

£, H-12, f&JF, September 17-18,
2011.

@ Wiz, @I GA 2 V-2 HEA
FELRIIEN &7 LV OMEERE, FAk 23
FEEER R TSI E A K,
H-13, #&Ff, September 17-18, 2011.

M. Nakamichi, S. Kanae: Estimation of
Pulmonary Elastance by Functional Type
SIRMs Fuzzy Reasoning Method, The 30th
Chinese Control Conference (CCC 2011),
Yantai, China, July 22-24, 2011.

© VLRERE, &JLAEM, FMHIE: Hammer-
stein OEAR ¥ AT LADHiBhET V%2 H
W BN REIETE, B 63 [RIEKBILR
FRIUIN S K2, p. 365, i,
September 26-27, 2010.

S. Kanae, M. Nakamichi, Z.-J. Yang, and

K. Wada: A New Respiratory Model Consi-
dering Hysteresis for Artificial
Respiration, The IFAC International
Workshop on Adaptation and Learning in
Control and Signal Processing (ALCOSP
2010), Antalya, Turkey, August 26-28,
2010.

@ S. Kanae, M. Nakamichi, Z.-J. Yang, and
K. Wada: Pulmonary Elastance Estima-—
tion Considering Respiratory Periodi-—
city, The International Conference on
Intelligent Control and Information
Processing (ICICIP 2010), pp. 106-111,
Dalian, China, August, 2010.

() GFo k)

(PE 3£ A PEME)
ORI (FEo 1)
LY

FEIE

MEFIZ -

FHAA -

HEG

HFEEA A -

E NS DBI -

ORIk (FF 0 14)
LY

SR

MEFIZ -

FHAA -

FSNEa

ISHH A

E NS DB -

(Z Dfth)
TR Bt A

6. HFFTALA
(1) WFgefzess
47T FFHRE (KANAE SHUNSHOKU)
TR - T35 - #dz
WMoeEFK S : 90274555

(2) W 9e s

FimE 75 (WADA KIYOSHI)

UMK - KBz VX —FHEN7EE 4
— - FHEER

e E 60125127

(3) LR TEA
C )

MoEE&E T



