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Knihovny Modeliky

Veskeré jednotky v knihovnach vnitrné v Sl!

Problém v OM — zatim nefunguje DisplayUnit

Prepocty jednotek nutno délat ruéné (pro prepocty vhodné vyuzit dédicnost)
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Package Browser F X |User's Guide

e || Information

i-DPhysiulibrary

. — Package Physiolibrary is a modelica package for Human Physiology thatis

< developed from HumMod modelica implementation, see http://hummod.org, It

o Qverview of Physiclibrary provides constants, types, connectors, partial models and model components fitted
for physiological models of human body.

Connectors
0 This is a short User's Guide for the overall library, Some of the main sublibraries
+ Release notes have their own User's Guides that can be accessed by the following links:
- [ Contact Chemical |Library of chemical domain,

o BSD 3-Clause License Hydraulic |Library of hydraulic domain. For modeling of cardiovascular system.

Thermal |Library of termoregulation support, As extension of

0 Publishing new release Modelica. Thermal HeatTransfer,
+| DHydrauIic Qsmotic  |Library to model water fluxes through semipermeable membrane caused
by osmotic pressure,
+- |:|Thermal W —— - -
= Population |Library for population models such as predator-prey or cells population.
\LI ol * * 3 Icons Icons
Component Browser B X || Types Physiological types. Physiological unit vs. SI units, nominals,
inputs foutputs, typed constants.
Components Blodks Useful blodks, that are missing in package Modelica.Blocks (M5L 3.2),
- |Physinlibrary.UsersGuide cubic interpolation curves, multiplication factors.
& Information - Modelica.lcons.Infermation Extends from Modelica.Icons . Information {Icon for general information packages).
Package Content
Name Description
Overview COwverview of Physiolibrary

Connectors Connectaors

ReleaseMotes |Release notes
Contact Contact
License BSD 3-Clause License

MewRealease |Publishing new release

Mame: UsersGuide
Path: Physiolibrary.UsersGuide
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Physiolibrary Structure
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--DPh\;siolibrar\;
+o User's Guide

%-DH\;draulic

J;-DThermaI

%.Dpopulaﬁon Ty p e S - S I
+ [ |steadystates

é--DIcons

i-DTypES

+6 User's Guide

é-BExamples

é-EConstants

+ - EScaIeConstants

#[ |Reallo

- 4 BusConnector
+- ﬂ I0_Bus
ey TorsoBusConnector

- i TissueBusConnector .
- Energy type Pressure = Modelice.S5Tunits.Pressure(displaylUnit="mmHg", nominal=133.322357415);

-~ Frequency

- Mass
MassFlowRate
- Density
-MolarMass
~Height
-Position
-ielocity

- Acceleration
[Bressure ]
-~Yiolume
-VolumeFlowRate

- Concentration

- AmountOfSubstance
~MolarFlowRate
~MolarEnergy

- MassConcentration
-Qsmolarity

~Heat

- Temperature
-HeatFlowRate
"'PU'-NET Vé ’ . . .
o s Problém v OM — zatim nefunguje DisplayUnit

- ThermalConductance

-SpedficHeatCapadty

~SpecificEnergy v v . v v v v v 7 v/ v Y4
Secviconts Prepocty jednotek nutno délat rucné (pro prepocty vhodné vyuzit dédicnost)
-ElectricCharge

-YolumeDensityOfCharge

-ElectricCurrent

~Fraction

-pH

Veskeré jednotky jsou v SI
Automaticky prepocet - DisplayValues




Blocks.Interpolation
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Blocks.Factors

EI |:| Physiolibrary
- ) User's Guide
- || chemical
- | |Hydraulic
- | |Thermal
- |:| Osmaotic
- || Population
- || steadyStates
- | |Icons
# [ Types
o) | |Blocks
= | Math
- | |Interpolation
~*¥ Normalization
~ % DamagedFraction
~e335pline
- =% LagSpline
~®32 5plineLag
~¥-15plineLagOrZero

Viscosity_ConductanceEffect

Anesthesia_VWascularConductance

SkeletalMuscle_Function_Failed

SkeletalMuscle PO2

SkeletalMuscle PO2

SkeletalMuscle 02Need

A2Pool_Log10Conc

AlphaFool_Effect

AlphaBlocade Effect

GangliaGeneral_MNA

ADHPool_Log10Conc




Normalisation

effect = u/NormalValue

Information

y = yBase * u

Extends from Icons,BaseFactorlcon,

Parameters
Type Mame |Default Description
Real Mormalvalue |1 Mormal value of u, because yv={u/Mormalvalue)*yBase.
Boolean |enabled true disabled == y=yBase
Connectors
Type Name Description

input Reallnput

yBase

output RealQutput

L

input Reallnput

U




DamagedFraction

effect = 1 - DamagedAreaFraction

Information

Extends from Icons.BaseFactorlcon.

Parameters

Type

Name

Default

Description

Fraction |DamagedAreaFraction |0

[1]

Connectors

Type

Name

Description

input Reallnput

yBase

output RealQutput |y




Spline

effect =

spline(data,u)

Information

Extends from Icons,BaseFactorlcon4.

Parameters
Type Name Default Description

Boolean |enabled true disabled = y=yBase

Real data[:, 3] Array of interpolating points as {x,y,slope}
Real ¥scale 1 conversion scale to SI unit of x values

Real Yacale 1 conversion scale to SI unit of v values

Boolean |UsePaositiveLog 10 | false ¥ = if ufscaleX <=1 then 0 else log10(u/scaleX)
Connectors

Type Hame | Description

input Reallnput yBase

output RealOutput |y

input Reallnput  |u




LagSpline

=
o
o
=
'T 2
= Adapt the input signal before interpolation
= Information
§ g If the input signal u is constant and it is different from starting delayed input d, the middle value between u and d will be reached after HalfTime.
= 3]
% E The mathematical background:
il
E 5 d'{t) = k*{ult) - d(t)) == The solution of d(t} in spedial case, if ult) is constant at each time t: d{t)=u-+{d{0)-u)*e~{4*t), where the definition of
: HalfTime iz d{HalfTime) = d{0) + {d{0}-u)/2.
! & Extends from [cons.BaseFactorlcons.
Parameters
Type Hame Default Description
Boolean |enabled true disabled = y=yBase
=pTe Time  |HalfTime [s]
% Real initialValue 1 as ufiscale
Real Xscale 1 conversion scale to 51 unit of x values
Real Yocale 1 conversion scale to 51 unit of v values
Boolean |UzePositivelog 10 |false ¥ = ifu_delayedfacaleX <=1 then 0 else log10{u_delayed/scaleX)
Real data[:, 3]

Connectors

Type Name Description
input Reallnput | yBase
output RealOutput |y
input Reallnput  |u




Splinelag

Adapt the effect after interpolation

Haeqpaa)

Information

=H

Extends from Icons.BaseFactorlcon3.

asegh

Parameters
Type Hame Default Description
Boolean |enabled true disabled == y=yBase
Time HalfTime [5]
SR Real Xocale 1 conversion scale to ST unit of x values
Boolean |UsePositivelog 10 | false ¥ =if ufscalek <=1 then 0 else log10{u/scaleX)
Feal data[:, 3]
Ll I0
Value IO
String |statENamE |geﬂnstanl:ENamED |Name in Utilities inputfoutput function

JopelGanu

R EDIEpoy )

h 4 h 4 Connectors

l_ Type Name | Description
input Reallnput | yBase
output RealOutput |y
input Reallnput u

Janpeud




SplineLagOrZero

booleanConstant
F

15

_h._|

- One
_ switch2
» Constanti switch
enabled
ilad
Failed =0 5 \
- |
T
L12]
=
| o
L]
-
T
[: g \
u =
o
&

L

Jojelfagu

—T4

onpoud

asega

name

LagSpline if not Failed

Information

Extends from Icons.

BaseFactorlcond.

Parameters

Type Name

Default

Description

Boolean |enabled

true

disabled =» y=yBase

Time HalfTime

[5]

Real datal:, 3]

Real ¥scale

[y

conversion scale to SI unit of x values

10

Value IO

String |stateNamE geﬂnstancENamED|NamE in Utilities inputfoutput function

Connectors

Type

Name | Description

input Reallnput

yBase

output RealQutput

¥

input Reallnput

u

input BooleanInput

Failed




=[_Physiolibrary

»@User's Guide Types

»[JChemical

+»JHydraulic

«JThermal Parameters

éDOsmotic temperature 1 degC
+[JPopulation heat 1" keal
éDSteadyStates pressure 1 mmHg
+[JIcons volume 1 mi Select display unit
E'EDTYPES amountOfSubstance 1 mmol
E'“USE"TS Guide electricCharge 1 meq
g-@ExampIes electricCurrent 1 meg/min
| “ParametricClass ‘

model Units

ParametricClass parametricClass |
temperature (displayUnit="degC") = 274.15,
heat (displayUnit="kcal") = 4186.8,
pressure (displayUnit="mmHg") = 133.322387415,
volume (displayUnit="ml") = le-06,
amountOfSubstance (displayUnit="mmol") = 0.001,
electricCharge (displayUnit="meqg") = 96.4853399,
electricCurrent (displayUnit="meq/min") = 1.6080889983333,



H
=

=TI Types

-+ [+ |Examples
’[~]Constants
-[_tAccelerationCo...
~[_tAmountOfSubs...
-[}Concentration...
-[IDensityConst
-[IDiffusionPerme...
-[}ElectricCharge...
-[_}ElectricCurrent...
-[_}ElectricPotenti...

y Ml EnergyConst

- IFractionConst

Types.Constants

General

Add modifiers

Component

Name

energy

Comment

Model

Parameters

Path Physiolibrary. Types.Constants.EnergyConst
Comment Constant signal of type Energy

Icon

P’

EnergyConst

k

] pnstant Energy output value

cal

keal | ok

Info

Cancel

Physiolibrary.Types.Constants.EnergyConst energy(k=4186.8)

d =
r




Connectors

] ChemicalPort
— molar concentration, molar flow

‘<> HydraulicPort

— pressure, volumetric flow

] ThermalPort
— temperature, heat flow

. OsmoticPort
— osmolarity, osmotic volumetric flow

] PopulationPort
— size of population, change of population




& [ |Chemical

-EExampIes Chemical
M Components

- g Substance
-2®(ChemicalReaction
-=%=Diffusion

- 1& GasSolubility
&1 Degradation
-g=1Clearance
-E=3Stream

-5 S0|lutePump

- #Speciation
-E-=Dilution

-9 Reabsorption
-===:Membrane
| Sensors

G2
~|Sources connector ChemicalPort
= Hl{Interfaces Types.Concentration conc;

é...lChemiCEIlP{th — flow Types.MolarFlowRate q;

- liChemicalPort_a :
DChemicalPﬂrt b end ChemicalPort:

reaction

IEl




CONDITIONAL INPUTS

|

External inputs/outputs External inputs/outputs i e
useNormalizedVolume » useNormalizedVolume [ » |

Normalized ompartment
Parameters Parameters
Conductance 100 * ml/min Conductance » ml/min
External inputs/outputs External inputs/outputs ’
useConductancelnput L] useConductancelnput

diffusionPermeability ‘




L=y Chemical Reaction

= reaction in Physiolibrary.Chemical.Examples.SimpleReaction ? -

General = Reaction type = Temperature dependence = Add modifiers

Component Icon
Name reaction
&
Comment .
Model

Path Physiolibrary.Chemical.Components.ChemicalReaction
Comment Chemical Reaction

Parameters
K 1] Fixed dissociation constant [SI-unit] if
useDissociationConstantInput=rfalse
kf ' Forward reaction rate coefficient [SI unit]
solventEraction A Free solvent fraction in liquid (i.e. water fraction in

plasma=0.94, in RBC=0.65, in blood=0.81)
External inputs/outputs

useMormalizedVolume + =true, if solvent volume is 1 liter
useDissociationConstantInput [ ] . =true, if external dissociation ratio is used
useForwardRateInput L] . =true, if external forward rate is used
useHeatPort ] ’ =true, if HeatPort is enabled

Info Cancel



L=y Chemical Reaction

= reaction in Physiolibrary.Chemical.Examples.SimpleReaction ? -

General Reaction type | Temperature dependence | Add modifiers

Substrates
ns ' Number of substrates types
s | Stoichiometric reaction coefficient for substrates
as 1 Activity coefficients of substrates

Products
nP ' Number of products types
p | Stoichiometric reaction coefficients for products
ap | Activity coefficients of products

OK Info Cancel




———
-.

chemicalReaction
|
|
General

T
TK
dH

Chemical Reaction

reaction in Physiolibrary.Chemical.Examples.SimpleReaction

Reaction type

Temperature dependence | Add modifiers

v degC
* degC
» kecal/mol

> IEN

Fixed device temperature if useHeatPort = false

Base temperature

Standard Enthalpy Change (negative=exothermic)

Info

Cancel



Simple Reaction

A B
E reaction ;
-

A



Exothermic Reaction

General Reaction type Temperature dependence Add modifiers
T v deaC Fixed device temperature if useHeatPort = f;
TK v degC Base temperature
dH -0.2333458966275 |*  kcalfmol  Standard Enthalpy Change (negative=exoth:

=3

heatFlowSe... unlimitedHeat

- T=310.15



Michaelis-Menten

Kis K,
S+E > ES > E +P
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--| | Physiclibrary
+o User's Guide
%-DChemical

! [l Hydraulic
%-Eaamples
--| |components

- T8 ElasticVessel

~wt Conductor

ﬂi: HydrostaticColumn
- E=BPymp
---*Ideal‘-.-’alve

-4 Inertia

-~ 8 ElasticMembrane
~45% Reabsorption

- | Sensors

~mgmFlowMeasure

- Jk PressureMeasure

- [~|Sources

- =8 UnlimitedPump

- UnlimitedVolume

4= UnlimitedOutflowPump
Interfaces

I HydraulicPort

é---‘H}rdraulicF’urt_a

é---QHydraulicF’nrt_h

"= =0OnePort

Hydraulic

&

pul:aVA/rtuies

= +
—_—

pums

LNormalCO

¢




Minimal circulation

|7 ¢

period=60/75




e Windkessel model

- E' Examples
EI |:| Compaonents
~meXConductor
-mtaeR esistor

TrY .
- ElasticVessel

¥EY

-~ i m ElasticvesselElastance

o

#E: HydrostaticColumn
---Elnertia
---*Idealh‘alue

---*IdealﬁalueResisEnc&
"'EPump
---'ﬂ’Reabsurpﬁun

- m® ElasticMembrane

=l @ SENSors

----E:}Flaneasure
e PrESSUrEMeasure : . ) : '\ -

1 [=] Sources Veins Heart Elastic arteries (Aorta) Peripheral Resistance
IéUnIimitedPump
---%Unlimited'u‘nlume
"'élL.lnlimitedDutﬁanump

Windkessel Spout

The analogy between the fire engine with the Windkessel and the arterial system. The peripheral
resistance is the summed resistance of all small arteries, arterioles and capillaries. Total arterial
= W[ Interfaces compliance is the sum of the compliances of all arteries, mainly the conduit arteries. The

- lHydraulicPort

Windkessel model can help us to understand how the arterial system functions, can be used
’Hydraulianrt_a

as a realistic load in isolated heart studies, can be used in modeling, and ¢an form the basis
~ > HydraulicPort_b for estimating arterial system parameters. Adapted from [1], used by permission,

~m ednePort

- ¥ ConditionalSalutionFlow




2-element Windkessel model

pulse

period=60/75

areries



3-element Windkessel model

asue}sisal



4-element Windkessel model

aIue)s1sal




Circulation dynamics of Guyton-Coleman-Granger‘s model 1972

Soubor Zobra:
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HeartRate

Hemodynamics Meurs model (flat model)

Atrial elastance
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useQutflowMin=false

Reabsorption

r— 5

Inflow

FractReab

’—W‘Wl

i
+ - B Examples

— - DComponents

- mEmConductor

- mEmResistor

'=: Elasticvessel

Trr

= ElasticvesselElastance

Hi: HydrostaticColumn
---ﬁlnerh’a
---*Idealﬂalve

---*IdealﬂalveResistﬁnce

'"?Reabsorpﬁon
- B8 HasticMembrane

=] @ Sensors

é"'-ﬁ:ijlowMeasure

* PressureMeasure

=8 E Sources

- B=3UnlimitedPump

"'%Unlimihed'l.l'olume

-] UnlimitedOutfiowPump

= Interfaces

- [lHydraulicPort
‘HydraulicPort_a

<> HydraulicPort_b

-m  enePort

- ¥ ConditionalSolutionFlow

duind

Reabsorption

\ 4

Outflow

Outfopivlin

FractReab

Q‘m—a%

useOutflowMin=true ‘

—

MinimalFiow

\ 4

Outflow




Hydrostatic

Hydrostatic column pressure between two connectors (with specific muscle pump effect)
Information

The hydrostatic pressure is proportional to height of the column.

Extends from Icons.HydrostaticGradient,

Parameters

Type Hame Default Description
Height H i Height of hydrostatic column if useHeightInput=false [m]
Density ro 1060 [ka/m3]

Acceleration | GravityAcceleration [9.51 Gravity acceleration if useExternalG=false [m/s2]
External inputs foutputs

Boolean useHeightInput false =true, if height input is used
Boaolean useExternals false =true, if external gravity acceleration is used
Boolean usePumpEffect false =true, if musce pump effect is used
Connectors

Type Name Description
HydraulicPort a q_up Top site
HydraulicPort a q_down Bottom site
input HeightInput height Vertical distance between top and bottom connector [m]
input AccelerationInput |G Gravity acceleration [m/s2]
input EractionInput pumpEffect |[1]
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Population

+|E| Examples
—D Components
ﬂt Fopulation
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