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PRESENTATION
Convection Diffusion Model
Change of coordinates

Change of coordinates

We make a change of coordinates in order to transform the domain
into a cuboid.
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PRESENTATION
Convection Diffusion Model

Change of coordinates

Then the convection term becomes

UV = VVepu+ (W — vlgh v2g;)gg
And the diffusion term is
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Splitting methods: General Theory
Splitting method: A simplified Convection-Difussion problem

Splitting algoritms A Finite Element - Characteristic - Finite Difference method

A Finite Element - Characteristic - Finite Difference
method: Parallel implementation

o Parallel LOOP

For I =1,.....L

Horizontal Convection Diffusion
@ Non Parallel LOOP

For /I =1,.....L

Vertical Convection Difussion and Crossed Derivatives
@ Non Parallel LOOP

For I =1L,...,1

Vertical Convection Difussion and Crossed Derivatives
o Parallel LOOP

ForI=1L,...,1

Horizontal Diffusion Convection
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Splitting methods: General Theory
Splitting method: A simplified Convection-Difussion problem

Splitting algoritms A Finite Element - Characteristic - Finite Difference method

A Finite Element - Characteristic - Finite Difference
method: Parallel implementation

For I =1,...., L [Parallel LOOP]
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Splitting methods: General Theory
Splitting method: A simplified Convection-Difussion problem

Splitting algoritms A Finite Element - Characteristic - Finite Difference method

A Finite Element - Characteristic - Finite Difference
method: Parallel implementation

For I =1,....,L [Non Parallel LOOP]
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Splitting methods: General Theory
Splitting method: A simplified Convection-Difussion problem

Splitting algoritms A Finite Element - Characteristic - Finite Difference method

A Finite Element - Characteristic - Finite Difference
method: Parallel implementation

For I =L,....,1 [Non Parallel LOOP]
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Splitting methods: General Theory
Splitting algoritms Splitting method: A simplified Convection-Difussion problem
P g alg A Finite Element - Characteristic - Finite Difference method

A Finite Element - Characteristic - Finite Difference
method: Parallel implementation

For I =1L,....,1 [Parallel LOOP]
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Numerical Results

Numerical Examples

A Multilayer Convection Diffusion Model
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Numerical Results

F(t, x) = ae~ (520 o~(XI0l-x[0*+(X[1]-x[1])?)/(25%))

t is the time in seconds
a = 100 pre-exponential factor.
b = 100 is the standar deviation of the gaussian distribution

c = 300 is the half life time of the emision in seconds.
X = [500, 4500]" is the point where the emision takes place.

The other physical values are
@ Horizontal Diffusion k,, = 101
@ Vertical Diffusion k, = 1073

@ Absortion coefficient in the surface level A = 0.001
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Numerical Results

Figure: Concentration in the first level at different time steps
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Numerical Results

Figure: Concentration in the third level at different time steps
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Parallel perfomances

Parallel perfomances

’ threads/layers ‘ Run Time (s) ‘ Secuential Time (s) ‘ Red. factor

4 37 306 8.27
8 61 856 14.03
16 94 2867 30.5
24 106 5260 35

Table: Run times up to 24 layers. Real Time: 1 Hour
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SIMPLIFI  The goal Effect of the water content: Enthalpy operator Ape

Model with non local radiation

The non dimensional equations governing the fire spread in a
region {2 are,

Q diet+au=r(u,y) /H Rilcﬂ?:ﬁfn
@ ec G(u) (-~

Q O:y = —g(u)y

@ r(u,y) is the source term
@ G(u) is the Enthalpy
@ g(u)y is the rate of pyrolysis

\sinum
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SIMPLIFI  The goal Effect of the water content: Enthalpy operator Ape

Comments

Comments

@ Local diffusion has been neglected
o Effects of the WATER CONTENT are considered

@ Main mechanism of fuel heating is RADIATION (non local
diffusion)

@ Convection has been neglected but main WIND EFFECTS are
considered via radiation model

@ Gas phase is parametrized (The temperature and height of the
flame are parameters)
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Local radiation model Iterative Solution at each Time Step

Computation of Radiation

\ @ Consider any defined flame shape
@ A ray passing through the flame

@ The total radiation at the surface

Integrate through all possible solid angles w

27
AR = / iz @)% d
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Example 2: Parallel computing perfomance of the radiation te

parallel efficiency

Number of threads | Run Time (seconds) ‘ Acceleration ‘ efficiency ‘

1 3.798 1 100%
4 1.110 3,42 86%
8 681 5,57 70%
16 687 5,53 35%

Table: Run times and efficienty for eight directions of numerical

integration
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Example 2: Parallel computing perfomance of the radiation te

parallel efficiency

Number of threads | Run Time (seconds) ‘ Acceleration ‘ efficiency ‘

1 12.265 1 100%
4 3.220 3,81 95%
8 1.770 6,93 87%
16 1.606 7,64 48%
Table: Run times and efficienty for sixteen directions of numerical
integration
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Example 2: Parallel computing perfomance of the radiation ter

An example: Andalucia (Spain)

Figure: Fire Analyst Figure: Physical Model
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Introduccion

o Formulacién matematica en términos del concepto espacio-
estado

. Estima del
Sistema | Estado x(t)| Sistema | Observacion z(t) estado
dindmico de medida x(t)
I Errores del sistema T Errores de medida Informacion previa l

o Solucidn recursiva

o Soluciéon valida para ambientes estacionarios y no
estacionarios

o Soporta estimas de estados presentes, pasados y futuros
(filtrado,suavizado y prediccién)

o Método eficiente para resolver el problema de minimos
cuadrados (incluye al RLS y sus variantes)

Filtro de Kalman discreto (recordando de nuevo)

o Algoritmo recursivo de procesamiento de
datos, que bajo ciertas condiciones permite
estimar el estado de un sistema en forma
optima.

o Proporciona el estimador dptimo del estado
X, dado un conjunto de medidas Z.

o Condiciones-Restricciones:

El sistema es Lineal
Ruidos asociados al modelo del proceso y al de las
mediciones: Blancos y Gaussianos.

Filtro de Kalman Discreto

« Ecuaciones del sistema dinamico
(Ecuacion de estado):

Xk = AXk-l + +Wk-1

« Ecuaciones del sistema de medidas:

Zk = HX|(+V|(

Notacion y restricciones

*Xk: posicidén en tiempo k (estado)
¢ /.: sefial de entrada al sistema (acciones de control)
*Z«: mediciones en tiempo k (datos de los sensores)

*w y Vv se asumen independientes.




Filtro de Kalman (generalizacion)

W corresponde al ruido del proceso con covarianza Q.

V corresponde al ruido en la medicién con covarianza R.

Se asume que poseen las siguientes distribuciones :

p(w)~N(0, Q).
p(v)~N(O,R).

*#* A, B, y H podrian cambiar en el tiempo, pero
asumimos en la presentacion que son constantes.

Filtro de Kalman (generalizacion)

. Definiciones, notaciones y descripcidn del
algoritmo de prediccién-correccion:

. PASO 1: PREDICCION

Estimador a priori del estado, i.e. en funcidén del conocimiento del
proceso previo al paso k:

fER
» PASO 2: CORRECCION

Estimador a posteriori del estado, i.e. en funcidén de los pasos hasta k y
de la NUEVA medicién efectuada en el paso k:

5 ER"

Filtro de Kalman (generalizacion)

ERRORES de las estimaciones a priori y a posteriori:

ey = X3 — Xy,

:’3_,\, E_l‘;\,—_l'k.

Matrices de covarianza a priori y a posteriori asociadas:

P, = E[eief]. P, = E[e;ef]

Recordando las ideas del primer ejemplo

o Objetivo: Encontrar una expresion para el
estimador a posteriori del estado como una
combinacidn lineal del estimador a priori del
estado y la diferencia entre la medida actual
y la prediccién de la medida:

) %, = X+ K(z,—H%)

o (x-H%) corresponde al residuo o
innovacion de la medicion.

iComo elegly K2




Generalizando..

Ooel ob\je’c’wo es encontrar K tal que se minimice La
covartanza del ervor a pos’cenor’b.

O €s posible encontrar wna expresion para K
reemplazando (*) en la expresion del ervor ee Y
luego en La expresion de la covarianza del ervor a
posteriori. “Minimizando dicha expresion se
encuentra K”.

Filtro de Kalman (generalizando..)

Operando segun Lo descrito, se obtendrian las siguientes ecuaciones de
recurvencia:

Table 1-1: Discrete Kalman filter time update equations.

%, = A%, +Bu,_, (19)

P, = AP, AT+ Q (1.10)

Table 1-2: Discrete Kalman filter measurement update equations.

Ky = PRHT(HPLHT +R) (1.1
B = G+ Kz —HE) (1.12)
Py = (I -KH)P, (1.13)

Filtro de Kalman

Observaciones (*** Hay coherencia en Los resultados 222):

1. Si la covarianza del error en la medicién se aproxima a cero, la
ganancia K otorga mayor peso a la innovacion de la medicion,
i.e. se confia mas en la medicion:

lim K, = H!
RJ‘_’[}

2. Si el estimador a priori de la covarianza del error se aproxima a
cero, la ganancia K otorga menor importancia a la innovacién de
la medicién.

lim K, =0
Py—=0

FK: Algoritmo de prediccion-correccion

mmumnem Update (“Correct™)

(1) Compute the Kalman gain

- - -1
. = PLHT(HPHT + R)

Time Update (*“Predict™)

(1) Project the state ahead K

X, = Ax,_ +Bu,_,
(2) Update estimate with measurement z;
2) Project th, /ari head = 5 - _ H%.
(2) Project the error covariance a Y = ',‘k+Kﬁ'("k H',‘k)

P;\. = APL- _IAT + Q (3) Update the error covariance

u - U_KkH)P;(

Initial estimates for %, _; and Py _,
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