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Motivation
z 3DWLHQWV LQ FULWLFDO FDUH RU VXUJHU\

z 7\SLFDO FOLQLFDO SUDFWLFH

X PDQXDO UHJXODWLRQ ZLWK GULS ,9

X SURJUDPPDEOH SXPSV �RSHQ ORRS�

X HVWLPDWLRQ RI SKDUPDFRNLQHWLFV DQG

SKDUPDFRG\QDPLFV

z 6WDWH RI WKH DUW

X FOLQLFDO WULDOV RI FORVHG ORRS FRQWURO RI PHDQ

DUWHULDO SUHVVXUH �0$3�

z 2XU REMHFWLYH

X DXWRPDWHG UHJXODWLRQ RI KHPRG\QDPLF YDULDEOHV

ZLWK SK\VLFLDQ µLQ WKH ORRSµ

X IUHH�XS SK\VLFLDQ WR PRQLWRU GLIILFXOW�WR�PHDVXUH

YDULDEOHV



Problem Overview
z 0XOWLYDULDEOH� QRQOLQHDU V\VWHP

X UHJXODWLRQ RI PHDQ DUWHULDO SUHVVXUH �0$3��

FDUGLDF RXWSXW �&2� XVLQJ VRGLXP QLWURSUXVVLGH

�613�� SKHQ\OHSKULQH �313� DQG GRSDPLQH �'30�

z ,QWHU� DQG LQWUD SDWLHQW YDULDELOLW\

X UHTXLUHV RQ�OLQH DGDSWDWLRQ WR SDWLHQW FRQGLWLRQV

z ,QWHUDFWLRQV IURP DQHVWKHWLFV

z 3UHVHQFH RI FRQVWUDLQW VSHFLILFDWLRQV

X LQSXWV� GUXJ GRVDJH

X RXWSXWV� VHWSRLQW VSHFLILHG DV UDQJH� PLQ RU PD[

z 8VH PRGHO SUHGLFWLYH FRQWURO �03&� WR KDQGOH

FRQVWUDLQWV H[SOLFLWO\
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Multiple Model Adaptive Control (MMAC)
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Multiple Model Predictive Control (MMPC)
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Weighting Scheme
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Model banks

MAP CO
Gain Time

Constants
Time

Delays
Gain Time

Constants
Time
Delays

SNP -5  to -23 1.0 to 1.2 0.5 5 to 30 1 to 1.5 1  to 2
DPM 1 to 10 4 to 6 1 to 3 5 to 50 5 to 6 1 to 3

MAP CO
Gain Time

Constants
Time
Delays

Gain Time
Constants

Time
Delays

SNP -4 to –35 1.2 to 2.0 .5 to 1.5 -1 to -9 1 to 2 0.5 to 1
DPM 1 to 9 5 to 7 2 to 4 5 to 57 5 to 7 1 to 5



CO

MAP
Heart Contractility
↑ Dopamine (Inotropic)
↓ Halothane

Venous Compliance
↓ Sodium Nitroprusside

Baroreceptor Reflex
↓ Halothane

� Anesthetic
� Cardiovascular 
      Drugs

Physiological Overview

Systemic Vascular
      Resistance
↑ Phenylephrine
↓ Sodium 
    Nitroprusside
↓ Isoflurane
↓ Halothane
↓ Metabolites

Fig. 272
Gray’s Anatomy

MAP-CO Relation
MAP=CO*(SVR-PRA)



Experimental Setup
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Swan-Ganz Insertion
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User Interface



MMPC Issues
z 7XQLQJ RI 03&

z &KRLFH RI PRGHO EDQNV

X ILUVW RUGHU � WLPH GHOD\

X QXPEHU RI EDQNV WR FRYHU D JLYHQ UDQJH RI JDLQV�

WLPH FRQVWDQWV DQG WLPH GHOD\V

z 6WUXFWXUH RI WKH ZHLJKWHG EDQN

X PRGHO VWUXFWXUH�RUGHU HYROYHV

X RYHU�VSHFLILFDWLRQ "

z %D\HVLDQ ZHLJKWLQJ

X GHVLJQHG WR FRQYHUJH WR RQH PRGHO

X EOHQGLQJ RI PRGHOV LV SUHIHUUHG � GHWXQH

FRQYHUJHQFH



1. MAP Regulation (SISO)
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1. Weighted-Model Tracking
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2. MAP and CO Regulation (MIMO)
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MAP and CO Controlled Via SNP and DPM with Halothane Nov. 30th 14:07
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3. MAP and CO Regulation (MIMO)
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MAP and CO controlled with SNP and DPM (under Halothane) May 20th 10:59
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3. Weighted-Model Tracking
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Summary
z 0XOWLSOH PRGHO SUHGLFWLYH FRQWURO DSSURDFK

X KDQGOLQJ FRQVWUDLQWV

X ZHLJKWHG PRGHO EDQN SURYLGHV D IOH[LEOH DQG

ERXQGHG SUHGLFWLRQ PRGHO WR KDQGOH LQWHU� DQG

LQWUD SDWLHQW YDULDELOLW\

X QHHG IRU ZHLJKWLQJ VFKHPHV WKDW DUH PRUH

FRQGXFLYH WR EOHQGLQJ

z )XWXUH ZRUN

X H[SHULPHQWV ZLWK LQGXFH FRQJHVWLYH KHDUW IDLOXUH

X GHYHORS ZHLJKWLQJ VFKHPH PRUH FRQGXFLYH WR

EOHQGLQJ

X GHYHORS 0,02 PRGHO EDQN
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