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oftwarové nastroje pro tvorbu modeltu
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GLOMERULAR FILTRATION
o850
INPUTS :
N " RAP - Renal artery pressure[torrd
| Tubl Affc- Afferent artery conductan ce [mil/min o
TubC -Proximal tubule conductagnee [ml/mintoni
o |REF RBF -Renal blood flow [ml/min]
RPF -Renal plasma flow
{REF APr-Plagma protein concentration (in afferent arteny) [g/m1]
GKf-Glomerular filtration coeffitient [ml/minitord
0.07 Ll OUTPUT :
Plasma prokein GFR -Glomemular filtration rate [ml/min]
moncesialion 16 ploki
[ghmi] Homnal glomeslar Calalafion of glomesiar llolicn mie1
fillaion e lilicnl
[l intos]
MYOGENIC RESPONSE
e RENAL PERFUSION
| AFFC INPUT :
INPUTS : RAF - [RAF RAP - Renal artery pressure [ton] Af My ol
P |EFIC AT - Afferent artery conductance [ml/min/ton]
200 E fiC Efferent artery conductance [ml/min/toni OL!TPUT :
RenVenC RenVenC -Renal venousconductance [ml/minfton] AFFC - M yogeniceffect [xNomal]
Vepouzmadudan e AP - Arterial pressure [ton]
- AP WP -Vena renalis pressure [tom] REF € ofle = = Pr— -
Ll Hct -Hematocrit [rel ative number spondsio dk i perision p )
) Clamp - Renal artery presure drop i 5 il
\'P caused by renal artery clamp [tonj ;l Bz
Yena renalis prese fio
Haot OUTPUTS:
RAP -Renal artery pressure [torr RFPF . BBZT
Clamp RBF -Renal blood flowrate[ml/min]
Hemalo it RPF - Renal plasma flow mte[ml/min]
[+ 1 d adery p and renal blood fowralke
Renal adery
pre=: damp
dmop [loa]

AFIC
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AFFERENT ARTERY AffMyo
INPUTS :
AffMyo -Myogeniceffect [ x Nomal]
MDSig-Macula densa feedbacksignal [ x Nommal] MDSig

Afflorm - Normal condudtance in afferent artery [ml/minfoni

OUTPUT -
AfC -Vascular conductance [mifmin/ton] AffNorm 4

Calcuisles madudaace of afiesesl adery

Hommal condudamce
of Allcreal adery
[ inlow]




Softwaroveé nastroje pro tvorbu modelu

RAP
GLOMERULAR FILTRATION

AffC

RAP - Renal artery pressure[torr]
TubC Affc - Afferent artery conductance [mll/min/torr]
TubC - Proximal tubule conductagnce [ml/min/torr] ‘
RBF RBF - Renal blood flow [mI/min] GFR -
RPF - Renal plasma flow

APr - Plasma protein concentration (in afferent artery) [g/ml]
GKf - Glomerular filtration coeffitient [ml/min/torr]

RPF

APT OUTPUT :
GFR - Glomerular filtration rate [ml/min]

GKf

Matlab/Simulink
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Grafické zobrazeni
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oftwarové nastroje pro tvorbu modeltu
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MYOGENIC RESPONSE
P RENAL PERFUSION
INPUTS : RaR - (RAF p|[ 0IEmT
P |EFIC AfC - Afferent artery conductance [ml/min
200 E fiC Efierent artery conductance [ml/min/t,
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Ll
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RAP -Renal artery pressure [torr . [:1: 7]

RBF -Renal blood flowrate[ml/min]
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Kauzalni modelovaci nastroje

Je jednoznacne
definovan
postup vypoctu

Kauzalni modelovani
Model v Simulinku
vyjadruje spise
zplusob vypocCtu nez

strukturu modelované
reality

Matlab/Simulink




Akauzalni modelovaci nastroje

Komponenty
obsahuji rovnice

Propojeni
komponent pres
konenktory

=1

Soustava rovnic

MODELICA

SimScape
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http://www.modelica.org/

Zobecnélé usili
(effort)

| |
T )
p=Lf l I
f

Zobecnély
tok (flow)

Zobecnéla
akumulace

(quantity)

Obecne systémove vlastnosti


http://www.modelica.org/

Akauzalni pristup

MR ELICA

Zobecnélé usili

(effort)
e
f
Zobecnély
tok (flow)

Obecne systémove vlastnosti


http://www.modelica.org/

Akauzalni pristup

R0 ELICA

Zobecnélé usili
(effort)

Zobecnély
tok (flow)

Obecne systémove vlastnosti



http://www.modelica.org/

Akauzalni konektory

R0 ELICA

Zobecnélé usili
(effort)

Zobecnély
tok (flow)


http://www.modelica.org/

Akauzalni propojeni

Hodnoty propojenych
nonflow proménnych (e)
jsou stejné

N\

Soucet toku (f) =0
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p.vV . o hv
D.i O Resistor =y
R*i=v
pv | lv=p.v-ny
n.v
\/
Capacitor | E:} V E;}
YA Inductor
I =p.i=n.i
Y D ofVv
p. i pY g YN 1
p.i n.i
i = C*der(v) L*der(i) = v
PV {v=pv-nv__
— pv {v=pv-nv__
p | e
p.! v = ) p.i., vy  ni

I=p.i=n.i



Modelovani v Modelice

Postaci popis rovnicemi Q , PAW QA ,
— akauzalni modelovani PAO & —] RC ® RP IPA
CL
Q'QAl T @ PPL
Blok
T CWwW
typ nonflow
Hodnoty propojenych nonflow proménnych jsou stejné
bo—
P = tlak e *Q=
Soucet toku =0 R*Q=P
", £ = tOk O
L g S - a =C*der
|5 Q=C*der(P) (P)
1%
12 Q=C*der(P)
T

ground



Modelovani v Modelice

Q QA
> PAW 3
PAO &——| RC ® RP IPA
P ! . . . CL
ostadi popis rovnicemi Q_QAl — s
— akauzalni modelovani PPL
T CW
PO ©
"o e
R=1 R=0.5 J R*sz
-+ i (@]
AN g R*Q=P l % E _I._
7 E L ¢ & | Q=C*der(P
7 [ 7 Q=C*der(P) (F)
W i[n
[ %
" 1= Q=C*der(P)
B

ground



PAO vs time
E Mux —p respmi1.mat
Mux To File
p-(1/s ]
- s2+420s >
Y] > 2 +620s+4000 integrator Volume vs time
Ventilator PAO S S
Respiratory Mechanics -

Qvs time

Example: Simple pulmonary mechanics model — Simulink solution



Modelovani v Modelice

QA
PAW
@] rc= m ¢ RP=0,5 PA
LC=0,01 l
3 . . . CL=0,2
Postaci popis rovnicemi Q_QAl = CS=0,005 PPL
— akauzalni modelovani
_'_CW=0,2
PO O
L*d e r(Q)= P =as_Flow_lnertance R_central_airways R_peripheral_airways
e — L } o = |
L=0.01 R=1 R=0.5 R*Q=P
-.._+ i ~ o
1/ & = = 3 = er
“ 1% Q=C*der(P)
1%
o .
. | = Q=C*der(P)

T

ground



o]
PAO vs time

; Mux —p respm1.mat

—»
Mux To File
——p|1/s ]
s2 +420s >
7 > Integrator .
e PAO 0.01s3 +5.252 +620s+4000 Volume vs time
Respiratory Mechanics Q -
Flow vs time

Example: Simple pulmonary mechanics model — Simulink solution



Priklad: Elasticky kompartment

<V, <V, <V,
— - g O

StressedVolume = max(Vol-V0,0);

Pressure

Vo Vol

ressure = (StressedVolume/Compliance)




Priklad: Elasticky kompartment

vV, <V, <V,
— = o @O

StressedVolume = max(Vol-V0,0);

Pressure

ExternalPressure V, Vol

\d

ssure = (StressedVolume/Compliance) + ExternalPressure;



Priklad: Elasticky kompartment

vV, <V, <V,
— = o @O

StressedVolume = max(Vol-V0,0);

Pressure

ExternalPressure

Vo

Vol

\d

der(Vol) = q;

tok -q

ssure = (StressedVolume/Compliance) + ExternalPressure;



Priklad: Elasticky kompartment

vV, <V, <V,
— = o @O

StressedVolume = max(Vol-V0,0);

Pressure

ExternalPressure V, Vol

\d

ssure = (StressedVolume/Compliance) + ExternalPressure;
der(Vol) = q;

1 tok -q

I
— pressure



Priklad: Elasticky kompartment

vV, <V, <V,
— = o @O

StressedVolume = max(Vol-V0,0);

9 o

> Nazev

o konektoru:

o referencePoint
ExternalPressure V, Vol

\d

ssure = (StressedVolume/Compliance) + ExternalPressure;

der(Vol) = q;
tok -referencePoint.q
~ = =-referencePoint.pressure

—_—
_-—
—_—

Nazev konektoru:
referencePoint



Priklad: Elasticky kompartment

Tridy: ,Vzory’

3
o
v
e
@
/)
17
c
=
[0

Komponenty: ,Instance”

Nazev akauzalniho ’
konektoru:

T (initial initialVol ml)

name

Vol Pressure



referencePoint.pressure
referencePoint.q

X
(1]
=
o |
D
0
=
[1+]
w
w
=
=
[1+]

‘

Initial equation (initial initialVol ml)
Vol = initialVol; name
cau " _ Vol Pressure
der(Vol) = referencePomt.q;’
v
StressedVolume = max(Vol-V0,0);
v

Pressure = (StressedVolume/Compliance) + ExternalPressure;

referencePoint.pressure = Pressure,

end VascularElacticBloodCompartment;
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Quantitative Human Physiology (QHP)

) Mozilla Firefox EI@S]

Soubor Upravy Zobrazit Historie ZaloFky Yahoo! N&stroje  Napovéda

CO2 , Hemoglobin , AcidBase , ADH , AwSupply , Aldosterone , AminoAcid , if ANESTHESIA then Anesthesia, *
ifnot ANESTHESIA then NoAnesthesia , if ANP then DetaledATNP | if not ANP then Basic ANP |, Bladder ,
BloodVolume , Bloodlons , Bone , Brain , CardiacCycle , Catechols , CellProtein , Circulation , CircyProtein ,
CoronarySinus , CPR. |, Creatine , Creatinine , DailyPlanner , Diagnosis , Diet , Drugs , Electrolytes , Environment ,
EPO , Estradicl , Exercise , Fat , FattyAcid , FSH , GILumen , GITract , Glucagon , Glucose , Glycerol , GnRH ,
Gravity , H20 , hCG , Heart , HeartValves , Heat , Hemodialysis , Hemorrhage , HepaticFunction , Hypothalamus ,
Inhibin , Infissions , Insulin , InsulinTnjection , [VDrip , [VEpinephrineInjection , Ketoacid , Kidney , Lactate ,
LeftHeart , LeghfusclePump , Leptin , LH , LipidDeposits , Liver , LiverMetabolism , LowerExternalPressure ,
Lungs , Metabolism , Morphology , Mephrons , Nerves , 02, OralH2OGlucoseLoad , Organs , Orthostatics ,
Osmoles , OtherTissue , Pericardium , Pentoneum , Posture , Progesterone , Renin , RespiratoryCenter |,
RespiratoryMuscle , RightHeart , SequesteredBlood , SkeletallMuscle , Skin , Splanchm )
, Testosterone , ThyroidGland , TitTable , TissueH20 , Transfusion , Trig 1 4
if GENDER-FEMALE then Cvwaries , if GENDER-FEMALF then [lt=
Testes ,

t

R, VascularCompartments
T ——

[scructure: Structure ]

[definitions] o
) Mozilla Firefox

) Mozilla Firefox . —— o e —
T T = T TTr———— Soubor  Upravy Zobrazit Historie Zélofky Yahoo! Néstroje  Napovéda 2
> . D S
VascularCompartments/VascularCompartm VascularCompartments/SplanchnicVeins.DES
(ref: VascularCompartments. REF) (ref Ventricles. REF) Hacilaiasg stz FEE) (el Jentitcles REF
LeftAtrium , PulmArty , PulmCapys , PulmVeins , RightAtrium , Spla ,(\g ructure: SplanchnicVeins ]
LeftVentricle , RightVentricle , T
[var: Inflow ]
[struccure: VascularCompartments ] [var: Outflow ] -
[definitions] [parn:EAvDs 1500:00) E uatlons
[block: CalcPressure{l) ] [var: StressedVol ]
RightAtrium. CalcPressure [var: Pressure ]
LeftAtrium. CalcPressure [var: ExternalPressure ]
Systemiclrtys.CalcPressure [parm: Compliance = /2.5 ]
[block: alcPre=s [parm: Conductance = 178 ]
[eguations]
der{ Change } = Vol
=as . intial equation:
Pulmirty.CalcFressure errocrlimit: 10.0
PulmCapys.CalcPressure [definitions]
PulmVeins.CalcPressure [block: CalcPressure ]
LeftVentricle-Valves LeftVentricle RightVentricle- StressedVol = { Vol - V0 ) MAX 0.0
[block: Dervs ] ExternalPressure = 0.0
RightVentricle.Dervs Pressure = { StressedVol / Compliance ) + ExternalPressure
SystemicVeins.Dervs [block: Dervs ]
SplanchnicVeins.Dervs DxMax = if Conductance > 0.0 then 0.5 * Compliance / Conductance else INFINIT
RightAtrium.Dervs Inflow = OrganFlow.SplanchnicFlow
FPulmirty.Dervs Outflow = Conductance * { Pressure - RightAtrium.Pressure )
PulmCapys.Dervs Change = Inflow - Dutflow
PulmVeins.Dervs
LeftAtrium.Dervs
SystemicArtys.Dervs < >




Zmena nastroju pro tvorbu
simulatoru

Nastroje pro tvorbu
simulatoru

Smér — simulatory spustitelné v prohlizeci



Vyvoj simulatoru
(programatorska
prace)

Automatické
generovani
modelu jako
virtualniho
radiCe

Model
jako

virtualni
Ridici
vrstva

Interaktivn
animace

Vyvojové prostredi
Control Web

Automatické
generovani
modelu jako

Matlab/Simulink

Tvorba
simulacniho
modelu v
prostredi

.NET
assembly

Ridici
vrstva

Tvorba animaci
(v Adobe Flash)

animace

Vyvojové
prostredi
Microsoft
VsuaIStudio.NET

simulatoru

-

Tvorba scénaru
vyukovych programu
vyuzivajicich simulaéni
hry a simulatory




Heart

All: Im] [E] lRﬂw[nd] IAcﬁvate] lDaal:ﬁvate] @ lAutnReuerse] EJ]:

@ Active D
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