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10. Anexos

Actuadores

function a c t i n i t (INICIOKERNELS)

% I n i t i a l i z e TrueTime kerne l

t t I n i tKe rn e l ( ’ prioFP ’ ) ; % nbrOfInputs , nbrOfOutputs , f i x e d p r i o r i t y

% Create ta sk data ( l o c a l memory)

data . per iod = INICIOKERNELS .T;

data . Nbif=INICIOKERNELS . Nbif ;

data . i t e r a c t = 0 ;

data . i t e r c o n t =0;

data . t o t a l i t e r = INICIOKERNELS .ITERACIONES;

data . f lag=1;

data . nodata = 0 ;

data . count=1;

data . ho r i zon t e = INICIOKERNELS . ho r i zon t e ;

%Var iab l e s TFM

data . ax=[INICIOKERNELS . ax INICIOKERNELS . ax INICIOKERNELS . ax INICIOKERNELS . ax

INICIOKERNELS . ax ] ;

data . d e l t a =[INICIOKERNELS . de l t a INICIOKERNELS . de l t a INICIOKERNELS . de l t a . . .

INICIOKERNELS . de l t a INICIOKERNELS . de l t a ] ;

o f f s e t = 0 ;

t tCreatePer iod icTask ( ’ a c t t a s k ’ , o f f s e t , data . per iod , ’ ac t code ’ , data ) ;

function [ exectime , data ] = act code ( seg , data )

switch seg

case 1

i f data . i t e r aux == 10

data . i t e r aux = 0 ;

end

data . i t e r a c t = data . i t e r a c t + 1 ;

data . i t e r aux = data . i t e r aux + 1 ;

exect ime = 0 ;

case 2

msgrcv = ttGetMsg ;
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i f isempty (msgrcv )

disp ( [ ”No msg en actuador ” s t r i n g ( ttCurrentTime ) ] ) ;

i f ( data . f lag==1 && data . i t e r a c t==1)

data . f lag=0;

else

data . nodata = 1 ;

data . count = data . count + 1 ;

end

else

disp ( [ ” S i hay msg en actuador ” s t r i n g ( ttCurrentTime ) ] )

data . count = 1 ;

data . ax = msgrcv . ax ;

data . d e l t a = msgrcv . d e l t a ;

data . i t e r s e n s=msgrcv . i t e r s e n s ;

data . i t e r c o n t=msgrcv . i t e r c o n t ;

end

exect ime = 0 ;

case 6

i f ( data . nodata == 0)

ttAnalogOut (1 , data . ax ( data . i t e r aux ) ) ;

ttAnalogOut (2 , data . d e l t a ( data . i t e r aux ) ) ;

data . count = data . i t e r aux ;

disp ( [ ’ Apl ico DREKF’ s t r i n g ( ttCurrentTime ) ] ) ;

e l s e i f ( data . count<=data . ho r i zon t e )

data . nodata=0;

disp ( [ ’ Apl ico p r e d i c c i n ’ s t r i n g ( data . count ) s t r i n g ( ttCurrentTime )

] )

ttAnalogOut (1 , data . ax ( data . count ) ) ;

ttAnalogOut (2 , data . d e l t a ( data . count ) ) ;

else

disp ( [ ’ Apl ico p r e d i c c i n ’ s t r i n g ( data . ho r i zont e ) s t r i n g (

ttCurrentTime ) ] )

data . nodata=0;

ttAnalogOut (1 , data . ax (end) ) ;

ttAnalogOut (2 , data . d e l t a (end) ) ;

end

exect ime = 0 ;

case 10

exect ime = −1;

o therw i se

exect ime = 0 ;

end
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Sensores

function s e n s i n i t (INICIOKERNELS)

t t I n i tKe rn e l ( ’ prioFP ’ ) ;

per iod = INICIOKERNELS .T; % sampling per iod

data . i t e r s e n s = 0 ; % i t e r a t i o n in sensor dev i ce

data . t o t a l i t e r = INICIOKERNELS .ITERACIONES; % number o f i t e r a t i o n s

o f f s e t = 0 ;

data . l o s s c = INICIOKERNELS . l o s s c ;

t tCreatePer iod icTask ( ’ s en s t a s k ’ , o f f s e t , per iod , ’ s ens code ’ , data ) ;

function [ exectime , data ] = sens code ( seg , data )

switch seg

case 1

data . i t e r s e n s = data . i t e r s e n s +1;

exect ime = 0 ;

case 2

data . vx l impia = ttAnalogIn (1 ) ;

data . vy l impia = ttAnalogIn (2 ) ;

data . x l imp ia = ttAnalogIn (3 ) ;

data . y l imp ia = ttAnalogIn (4 ) ;

data . p s i l imp i a = ttAnalogIn (5 ) ;

data . p s i d l imp i a = ttAnalogIn (6 ) ;

exect ime = 0 ;

case 6

ttAnalogOut (1 , data . vx l imp ia )

ttAnalogOut (2 , data . vy l imp ia )

ttAnalogOut (3 , data . x l imp ia )

ttAnalogOut (4 , data . y l imp ia )

ttAnalogOut (5 , data . p s i l imp i a )

ttAnalogOut (6 , data . p s i d l imp i a )

exect ime = 0 ;

case 7

i f ( data . l o s s c ( data . i t e r s e n s ) == 1)

disp ( [ ’ mensaje enviado desde s enso r ’ s t r i n g ( ttCurrentTime ) ] )

msgenv . i t e r s e n s = data . i t e r s e n s ;

msgenv . vx = data . vx l imp ia ;

msgenv . vy = data . vy l imp ia ;

msgenv . x = data . x l imp ia ;

msgenv . y = data . y l imp ia ;

msgenv . p s i = data . p s i l imp i a ;

msgenv . ps id = data . p s i d l imp i a ;
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ttSendMsg (2 , msgenv , 8) ;

else

disp ( [ ’ mensaje no enviado desde s enso r ’ s t r i n g ( ttCurrentTime ) ] )

end

exect ime = 0 ;

case 10

exect ime = −1;

o therw i se

exect ime = 0 ;

end
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Controlador

function s l o w c t r l i n i t (INICIOKERNELS)

t t I n i tKe rn e l ( ’ prioFP ’ ) ;

data . per iod = INICIOKERNELS .T;

data . Nbif = INICIOKERNELS . Nbif ;

data . nodata = 0 ;

data . i t e r c o n t = 0 ;

data . t o t a l i t e r = INICIOKERNELS .ITERACIONES;

data . f lag=1;

data . ho r i zon t e = INICIOKERNELS . ho r i zon t e ;

data . retardoCA = INICIOKERNELS . retardoCA ;

data . l o s c a = INICIOKERNELS . l o s c a ;

data . z EKF = [ INICIOKERNELS . vx ; 0 ; INICIOKERNELS . x ; INICIOKERNELS . y ;

INICIOKERNELS . p s i ; INICIOKERNELS . ps id ] ;

s=t f ( ’ s ’ ) ;

%Acciones de con t ro l i n i c i a l e s

data . ax = INICIOKERNELS . ax ;

data . d e l t a = INICIOKERNELS . de l t a ;

% measurement no i se s

data . w ekf=INICIOKERNELS . w ekf ;

data . v ek f=INICIOKERNELS . v ek f ;

% EKF matr ices

data .P=INICIOKERNELS .P;

data .Q=INICIOKERNELS .Q;

data .R=INICIOKERNELS .R2 ;

data . vhMdl=INICIOKERNELS . vhMdl ;

data . trMdl=INICIOKERNELS . trMdl ;

data . dt=INICIOKERNELS . dt ;

data .T=INICIOKERNELS .T;

data .M=INICIOKERNELS .M;

data . p s i d r e f n=INICIOKERNELS . p s i d r e f n ;

data . L=INICIOKERNELS .L ;

data .Kp=INICIOKERNELS .Kp;

data .gamma=INICIOKERNELS .gamma;

data . ipp=INICIOKERNELS . ipp ;

data . x r e f t o t=INICIOKERNELS . x r e f t o t ;

data . y r e f t o t=INICIOKERNELS . y r e f t o t ;
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data . x re fnac = [ ] ;

data . y re fnac = [ ] ;

data . ddac = [ ] ;

data . p s i d r e f na c = [ ] ;

data . x re fn = INICIOKERNELS . x r e f t o t (1 ) ;

data . y re fn = INICIOKERNELS . y r e f t o t (1 ) ;

o f f s e t = ( data . per iod ) / 1 . 0 1 ;

t tCreatePer iod icTask ( ’ s l ow c t r l ’ , o f f s e t , data . per iod , ’ s l ow c t r l c o d e ’ , data ) ;

function [ exectime , data ] = s l ow c t r l c o d e ( seg , data )

switch seg

case 1

i f data . f lag==1

data . f lag=0;

ttSetNextSegment ( 10 )

else

data . i t e r c o n t = data . i t e r c o n t + 1 ;

end

exect ime=0;

case 2

msgrcv = ttGetMsg ;

i f isempty (msgrcv )

disp ( [ ’ no hay msg en Controlador ’ s t r i n g ( ttCurrentTime ) ] )

data . nodata = 1 ;

data . y ek f ( : , data . i t e r c o n t ) = [ data . z EKF(1 , data . i t e r c on t , 1 ) ; . . .

data . z EKF(3 , data . i t e r c on t , 1 ) ; data . z EKF(4 , data . i t e r c on t , 1 ) ; . . .

data . z EKF(5 , data . i t e r c on t , 1 ) ] ;

else

data . nodata = 0 ;

data . i t e r s e n s = msgrcv . i t e r s e n s ;

data . vx = msgrcv . vx ;

data . vy = msgrcv . vy ;

data . x = msgrcv . x ;

data . y = msgrcv . y ;

data . p s i = msgrcv . p s i ;

data . ps id = msgrcv . ps id ;

data . y ek f ( : , data . i t e r c o n t ) = [ data . vx ; data . x ; data . y ; data . p s i ] ;

disp ( [ ’ s i hay msg en Controlador ’ s t r i n g ( ttCurrentTime ) ] )

end

exect ime = 0 ;
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case 3

data . u ek f ( : , data . i t e r c o n t ) = [ data . ax ( data . i t e r c on t , 1 ) , data . d e l t a ( data

. i t e r c on t , 1 ) ] ;

% FILTRO DE KALMAN

[ data . z EKF ( : , data . i t e r c on t , 2 ) , data .P] = EKF( data . z EKF ( : , data . i t e r c on t

, 1 ) , . . .

data . w ekf , data . v ekf , data .P, data . y ek f ( : , data . i t e r c o n t ) , . . .

data .Q, data .R, data . u ek f ( : , data . i t e r c o n t ) , data . vhMdl , . . .

data . trMdl , data . dt , data . i t e r c on t , data .M, data . nodata ) ;

data . vxe=data . z EKF(1 , data . i t e r c on t , 2 ) ; % para ca l c u l a r d e l t a ( kk+1)

data . vxe f=data . vxe ; % para ca l c u l a r p s i d r e fn en path p lanning

%vye ( kk+1)=z EKF(2) ;

data . xe=data . z EKF(3 , data . i t e r c on t , 2 ) ;

data . x e c f=data . xe ; % para ca l c u l a r d i s t x en path p lanning

data . ye=data . z EKF(4 , data . i t e r c on t , 2 ) ;

data . y e c f=data . ye ; % para ca l c u l a r d i s t y en path p lanning

data . p s i e=data . z EKF(5 , data . i t e r c on t , 2 ) ;

data . p s i e f=data . p s i e ; % para ca l c u l a r a l f a y p s i r e f n en p l a t h

p lanning

data . ps ide=data . z EKF(6 , data . i t e r c on t , 2 ) ; % para ca l c u l a r d e l t a ( kk+1)

%C l c u l o acc iones de con t ro l

data . ax ( data . i t e r c o n t +1 ,1)=data . ax ( data . i t e r c on t , 1 ) ;

data . d e l t a ( data . i t e r c o n t +1 ,1) = atan2 ( data . p s i d r e f n ∗data . L , data . vxe ) + . . .

( data . p s id r e fn−data . ps ide ) ∗data .Kp∗data .gamma;

%hStepEst imation

%U t i l i z a r e s ta l i n e a de c d i g o en e l caso de de sa c t i v a r hs tep

%data . z EKF ( : , data . i t e r c on t +1 ,1) = data . z EKF ( : , data . i t e r con t , 2 ) ;

[ data . z EKF , data . ax , data . d e l t a ] = hStepEstimation ( data . z EKF , data . ax ,

data . de l ta , . . .

data . vhMdl , data . trMdl , data . hor i zonte , data . i t e r c on t , . . .

data . ipp , data . x r e f t o t , data . y r e f t o t , data . dt , . . .

data . w ekf , data . xre fn , data . y re fn ) ;

%% Path Planning .

data . f l a g pp = true ;

data . look ahead = 5 ;

while ( data . f l a g pp && data . ipp<1200)
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data . ipp = data . ipp+1;

data . d i s t x = abs ( data . x e c f − data . x r e f t o t ( data . ipp ) ) ;

data . d i s t y = abs ( data . y e c f − data . y r e f t o t ( data . ipp ) ) ;

data . d i s t t o t a l = sqrt ( data . d i s t x ∗data . d i s t x + data . d i s t y ∗data .

d i s t y ) ;

i f ( data . d i s t t o t a l > data . look ahead )

data . x re fn = data . x r e f t o t ( data . ipp ) ;

data . y re fn = data . y r e f t o t ( data . ipp ) ;

data . f l a g pp = f a l s e ;

data . ipp = data . ipp −1;

end

end

ttAnalogOut (1 , data . x re fn ) ;

ttAnalogOut (2 , data . y re fn ) ;

data . x re fnac=[data . x re fnac ; data . x re fn ] ;

data . y re fnac=[data . y re fnac ; data . y re fn ] ;

data . dd=sqrt ( ( data . yre fn−data . y e c f ) ˆ2+(data . xre fn−data . x e c f ) ˆ2) ;

data . ddac=[data . ddac data . dd ] ;

data . a l f a=atan2 ( ( data . yre fn−data . y e c f ) , ( data . xre fn−data . x e c f ) )−data .

p s i e f ;

data . p s i d r e f n =(2∗data . vxe f ∗ sin ( data . a l f a ) ) /data . dd ;

data . p s i d r e f na c =[data . p s i d r e f na c ; data . p s i d r e f n ] ;

data . p s i r e f n=data . p s i e f+data .T∗data . p s i d r e f n ;

exect ime = data . retardoCA ( data . i t e r c o n t ) ;

%exect ime=0;

case 7

i f ( data . l o s c a ( data . i t e r c o n t )==1)

disp ( [ ’ mensaje enviado desde e l cont ro l ador ’ s t r i n g ( ttCurrentTime ) ] )

msgenv . ax = data . ax ( data . i t e r c o n t +1 , : ) ;

msgenv . d e l t a = data . d e l t a ( data . i t e r c o n t +1 , : ) ;

msgenv . i t e r s e n s=data . i t e r s e n s ;

msgenv . i t e r c o n t=data . i t e r c o n t ;

ttSendMsg (3 , msgenv , 8) ;

else

disp ( ’ mensaje no enviado desde e l cont ro l ador ’ )

end

exect ime = 0 ;
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case 10

exect ime = −1;

o therw i se

exect ime = 0 ;

end

end

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [mx km1 , P km1 ] = EKF(mx k , mw k , mv k , P k , y kp1 , Q, R, u ekf , vhMdl

, . . .

trMdl , dt , kk , M, nodata )

% EKF ca l c u l a t i o n s

xDim = s ize (mx k , 1 ) ;

mx kp1= f Bicyc l eMode l (mx k , mw k , u ekf , vhMdl , trMdl , dt , kk ) ; % Pred ic t ion

mx kp1 ;

A = numer i c a l j a c x (mx k , mw k , u ekf , vhMdl , trMdl , dt , kk ) ;

L = numer i ca l j ac w (mx k , mw k , u ekf , vhMdl , trMdl , dt , kk ) ;

P kp1 = A∗P k∗A’ + L∗Q∗L ’ ;

i f (mod( kk+1,M)==0 && nodata ==0)

disp ( [ ’ C o r r e c c i n DREKF ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ’ s t r i n g ( ttCurrentTime )

] )

my kp1 = h BicycleModel (mx kp1 , mv k , kk ) ;

H = numer i c a l j a c x 2 (mx kp1 , mv k , kk ) ;

M = numer i ca l j a c w 2 (mx kp1 , mv k , kk ) ;

P12 = P kp1∗H’ ;

K = P12∗ inv ( (H∗P12)+(M∗R∗M’ ) ) ;

mx km1 = mx kp1 + K∗( y kp1 − my kp1 ) ; % Correct ion

yy=(y kp1 − my kp1 ) ;

P km1 = K∗R∗K’ + (eye (xDim)−K∗H) ∗P kp1 ∗(eye (xDim)−K∗H) ’ ;

mx km1 ;

else

disp ( ’<>0 ’ )

mx km1 = mx kp1 ; % Sh i f t
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P km1 = P kp1 ;

end

end

function [ z EKF , u1 , u2 ] = hStepEstimation (z EKF , u1 , u2 , vhMdl , trMdl , . . .

hor i zonte , i t e r c on t , ipp , x r e f t o t , y r e f t o t , dt ,w, xrefn , y r e fn )

%E s t im a c i n h pasos en e l f u turo

z EKF ( : , i t e r c o n t +1 ,1) = z EKF ( : , i t e r c on t , 2 ) ;

kk=i t e r c o n t ;

Kp = 1 ;

gamma=0.55;

%Modelo de l proceso

for i =2: ho r i zon t e

% ge t s t a t e and con t ro l ac t i ons

Vx=z EKF(1 , i t e r c o n t +1, i −1) ;

Vy=z EKF(2 , i t e r c o n t +1, i −1) ;

X=z EKF(3 , i t e r c o n t +1, i −1) ;

Y=z EKF(4 , i t e r c o n t +1, i −1) ;

p s i=z EKF(5 , i t e r c o n t +1, i −1) ;

wz=z EKF(6 , i t e r c o n t +1, i −1) ;

ax=u1 ( i t e r c o n t +1, i −1) ;

d e l t a=u2 ( i t e r c o n t +1, i −1) ;

% ex t r a c t parameters

a=vhMdl (1 ) ;

b=vhMdl (2 ) ;

m=vhMdl (3 ) ;

I=vhMdl (4 ) ;

L = a +b ;

Caf=trMdl (1 ) ;

Car=trMdl (2 ) ;

% compute l a t e r a l t i r e f o r c e s

Fyf = −Caf ∗ atan ( ( (Vy + wz∗a ) /max(Vx, 5∗0 .44704) ) − de l t a ) ;

Fyr = −Car ∗ atan ( (Vy − wz∗b) /max(Vx, 5∗0 .44704) ) ;

% compute next s t a t e Hacer prueba con ruido y s in ruido

Vx next = Vx + dt ∗( ax + w(1 , kk ) ) ;

Vy next = Vy + dt ∗( tan ( d e l t a ) ∗( ax − wz∗Vy) + ( Fyf/cos ( d e l t a ) + Fyr ) /m −

wz∗Vx +w(2 , kk ) ) ;

X next = X + dt ∗(Vx∗cos ( p s i ) − Vy∗ sin ( p s i ) + w(3 , kk ) ) ;

77



10 ANEXOS Guillermo Joaqúın Alite Cerezuela

Y next = Y + dt ∗(Vx∗ sin ( p s i ) + Vy∗cos ( p s i ) + w(4 , kk ) ) ;

p s i n ex t = ps i + dt ∗(wz + w(5 , kk ) ) ;

wz next = wz + dt ∗(m∗a/ I ∗tan ( d e l t a ) ∗( ax−wz∗Vy) + a∗Fyf /( I ∗cos ( d e l t a ) ) −

b∗Fyr/ I + w(6 , kk ) ) ;

%Sin ruido

% Vx next = Vx + dt ∗( ax ) ;

% Vy next = Vy + dt ∗( tan ( d e l t a ) ∗( ax − wz∗Vy) + ( Fyf/ cos ( d e l t a ) + Fyr )/m

− wz∗Vx) ;

% X next = X + dt ∗(Vx∗ cos ( p s i ) − Vy∗ s in ( p s i ) ) ;

% Y next = Y + dt ∗(Vx∗ s in ( p s i ) + Vy∗ cos ( p s i ) ) ;

% p s i n e x t = ps i + dt ∗(wz) ;

% wz next = wz + dt ∗(m∗a/ I∗ tan ( d e l t a ) ∗( ax−wz∗Vy) + a∗Fyf /( I∗ cos ( d e l t a ) )

− b∗Fyr/ I ) ;

z EKF ( : , i t e r c o n t +1, i ) = [ Vx next ; Vy next ; X next ; Y next ; p s i n ex t ;

wz next ] ;

vxe=z EKF(1 , i t e r c o n t +1, i ) ;

vxe f=vxe ;

xe=z EKF(3 , i t e r c o n t +1, i ) ;

x e c f=xe ;

ye=z EKF(4 , i t e r c o n t +1, i ) ;

y e c f=ye ;

p s i e=z EKF(5 , i t e r c o n t +1, i ) ;

p s i e f=p s i e ;

p s ide=z EKF(6 , i t e r c o n t +1, i ) ;

%Path p lan ing

f l a g pp = true ;

look ahead = 5 ;

while ( f l a g pp && ipp<1200)

ipp = ipp+1;

d i s t x = abs ( x e c f − x r e f t o t ( ipp ) ) ;

d i s t y = abs ( y e c f − y r e f t o t ( ipp ) ) ;

d i s t t o t a l = sqrt ( d i s t x ∗ d i s t x + d i s t y ∗ d i s t y ) ;

i f ( d i s t t o t a l > l ook ahead )

xre fn = x r e f t o t ( ipp ) ;

y re fn = y r e f t o t ( ipp ) ;

f l a g pp = f a l s e ;

ipp = ipp −1;

end

end
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i f ipp == 1200

ipp = 1 ;

end

dd=sqrt ( ( yre fn−yec f ) ˆ2+( xrefn−xec f ) ˆ2) ;

a l f a=atan2 ( ( yre fn−yec f ) , ( xre fn−xec f ) )−p s i e f ;

p s i d r e f n =(2∗ vxef ∗ sin ( a l f a ) ) /dd ;

p s i r e f n=p s i e f+dt∗ p s i d r e f n ;

%Calcu lar a c c i n de con t ro l f u tura

u1 ( i t e r c o n t +1, i )=u1 ( i t e r c o n t +1, i −1) ; %ax

u2 ( i t e r c o n t +1, i ) = atan2 ( p s i d r e f n ∗L , vxe )+ ( ps id r e fn−ps ide ) ∗Kp∗gamma; %

de l t a

end

end

function [ z next ] = f B icyc l eMode l ( z , w, u , vhMdl , trMdl , dt , kk )

Vx=z (1 , 1 ) ;

Vy=z (2 , 1 ) ;

X=z (3 , 1 ) ;

Y=z (4 , 1 ) ;

p s i=z (5 , 1 ) ;

wz=z (6 , 1 ) ;

ax=u (1) ;

d e l t a=u (2) ;

a=vhMdl (1 ) ;

b=vhMdl (2 ) ;

m=vhMdl (3 ) ;

I=vhMdl (4 ) ;

Caf=trMdl (1 ) ;

Car=trMdl (2 ) ;

Fyf = −Caf ∗ atan ( ( (Vy + wz∗a ) /max(Vx, 5∗0 .44704) ) − de l t a ) ;

Fyr = −Car ∗ atan ( (Vy − wz∗b) /max(Vx, 5∗0 .44704) ) ;

Vx next = Vx + dt ∗( ax + w(1 , kk ) ) ;

Vy next = Vy + dt ∗( tan ( d e l t a ) ∗( ax − wz∗Vy) + ( Fyf/cos ( d e l t a ) + Fyr ) /m − wz∗Vx

+w(2 , kk ) ) ;
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X next = X + dt ∗(Vx∗cos ( p s i ) − Vy∗ sin ( p s i ) + w(3 , kk ) ) ;

Y next = Y + dt ∗(Vx∗ sin ( p s i ) + Vy∗cos ( p s i ) + w(4 , kk ) ) ;

p s i n ex t = ps i + dt ∗(wz + w(5 , kk ) ) ;

wz next = wz + dt ∗(m∗a/ I ∗tan ( d e l t a ) ∗( ax−wz∗Vy) + a∗Fyf /( I ∗cos ( d e l t a ) ) − b∗Fyr/

I + w(6 , kk ) ) ;

z next = [ Vx next ; Vy next ; X next ; Y next ; p s i n ex t ; wz next ] ;

end

function [ y next ] = h BicycleModel ( z , v , kk )

% compute next output

y next = [ z (1 , 1 )+v (1 , kk ) ; z ( 3 , 1 )+v (2 , kk ) ; z ( 4 , 1 )+v (3 , kk ) ; z ( 5 , 1 )+v (4 , kk ) ] ;

end

% Functions to compute Jacobian matr ices

function [ j a c ]= numer i c a l j a c x (x , w, u ekf , vhMdl , trMdl , dt , kk )

y = f Bicyc l eMode l (x , w, u ekf , vhMdl , trMdl , dt , kk ) ;

j a c=zeros ( s ize (y , 1 ) , s ize (x , 1 ) ) ;

eps=1e−5;

xp=x ;

for i =1: s ize (x , 1 )

xp ( i , 1 ) = x( i , 1 ) + eps / 2 . 0 ;

yhi = f Bicyc l eMode l (xp , w, u ekf , vhMdl , trMdl , dt , kk ) ;

xp ( i , 1 ) = x( i , 1 ) − eps / 2 . 0 ;

y lo = f Bicyc l eMode l (xp , w, u ekf , vhMdl , trMdl , dt , kk ) ;

xp ( i , 1 ) = x( i , 1 ) ;

j a c ( : , i ) = ( yhi−y lo ) /eps ;

end

end

function [ j a c ]= numer i ca l j ac w (x , w, u ekf , vhMdl , trMdl , dt , kk )

y = f Bicyc l eMode l (x , w, u ekf , vhMdl , trMdl , dt , kk ) ;

j a c=zeros ( s ize (y , 1 ) , s ize (w, 1 ) ) ;

eps=1e−5;

wp=w;

for i =1: s ize (w, 1 )

wp( i , kk ) = w( i , kk ) + eps / 2 . 0 ;

yhi = f Bicyc l eMode l (x , wp, u ekf , vhMdl , trMdl , dt , kk ) ;

wp( i , kk ) = w( i , kk ) − eps / 2 . 0 ;
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y lo = f Bicyc l eMode l (x , wp, u ekf , vhMdl , trMdl , dt , kk ) ;

wp( i , 1 ) = w( i , kk ) ;

j a c ( : , i ) = ( yhi−y lo ) /eps ;

end

end

function [ j a c ]= numer i c a l j a c x 2 (x , v , kk )

y = h BicycleModel (x , v , kk ) ;

j a c=zeros ( s ize (y , 1 ) , s ize (x , 1 ) ) ;

eps=1e−5;

xp=x ;

for i =1: s ize (x , 1 )

xp ( i , 1 ) = x( i , 1 ) + eps / 2 . 0 ;

yhi = h BicycleModel (xp , v , kk ) ;

xp ( i , 1 ) = x( i , 1 ) − eps / 2 . 0 ;

y lo = h BicycleModel (xp , v , kk ) ;

xp ( i , 1 ) = x( i , 1 ) ;

j a c ( : , i ) = ( yhi−y lo ) /eps ;

end

end

function [ j a c ]= numer i ca l j a c w 2 (x , v , kk )

y = h BicycleModel (x , v , kk ) ;

j a c=zeros ( s ize (y , 1 ) , s ize (v , 1 ) ) ;

eps=1e−5;

vp=v ;

for i =1: s ize (v , 1 )

%vp ( i , 1 ) = v ( i , 1 ) + eps /2 . 0 ;

vp ( i , kk ) = v( i , kk ) + eps / 2 . 0 ;

yhi = h BicycleModel (x , vp , kk ) ;

%vp ( i , 1 ) = v ( i , 1 ) − eps /2 . 0 ;

vp ( i , kk ) = v( i , kk ) − eps / 2 . 0 ;

y lo = h BicycleModel (x , vp , kk ) ;

%vp ( i , 1 ) = v ( i , 1 ) ;

vp ( i , kk ) = v( i , kk ) ;

j a c ( : , i ) = ( yhi−y lo ) /eps ;

end

end
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Programa principal

%%% EXECUTE THIS CODE THE FIRST TIME TO GENERATE THE GLOBAL

VARIABLE ”INICIOKERNELS” (FOR INITIALIZATIONS) %%%

clc ;

clear a l l ;

t ic

global INICIOKERNELS ;

for simu=20:10:20

%Var iab l e s TFM

t i t u l o = ”h = ” + int2str ( simu ) ;

%t i t u l o = ” P r d i d a s 25% y re tardos ”

INICIOKERNELS . ho r i zon t e=simu ;

INICIOKERNELS . f l a g i n i =1;

INICIOKERNELS .M=10; %Mu l t i p l i c i d ad en e l f i l t r o

INICIOKERNELS .Kp=1.0 ;

INICIOKERNELS .gamma=0.55;

INICIOKERNELS . x (1 ) =0.0 ;

INICIOKERNELS . y (1 ) =79;

INICIOKERNELS . vx (1 ) =5;

INICIOKERNELS . vy (1 ) =0;

INICIOKERNELS . p s i (1 )=273∗pi /180 ;

INICIOKERNELS . ps id (1 ) =0;

INICIOKERNELS . ax (1 ) =0.05;

INICIOKERNELS . de l t a =0;

INICIOKERNELS . ay (1 ) =−0.001;

INICIOKERNELS . vxe (1 )=INICIOKERNELS . vx (1 ) ;

INICIOKERNELS . ps ide (1 )=INICIOKERNELS . ps id (1 ) ;

INICIOKERNELS . ps idd (1 ) =0;

INICIOKERNELS . vxf=INICIOKERNELS . vx (1 ) ;

INICIOKERNELS . vyf=INICIOKERNELS . vy (1 ) ;

INICIOKERNELS . ayf=INICIOKERNELS . ay (1 ) ;

INICIOKERNELS . p s i f=INICIOKERNELS . p s i (1 ) ;

INICIOKERNELS . xc f = INICIOKERNELS . x (1 ) ;

INICIOKERNELS . yc f = INICIOKERNELS . y (1 ) ;

INICIOKERNELS . p s i d f =0.1 ;

INICIOKERNELS . axf=INICIOKERNELS . ax (1 ) ;

%Pa r me t r o s rajmani

INICIOKERNELS . l f =1.2 ;

INICIOKERNELS . l r =1.65;

INICIOKERNELS .m=1800;

INICIOKERNELS . Caf=140000;

INICIOKERNELS . Car=120000;
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INICIOKERNELS . I z =3270;

INICIOKERNELS . a=1.20;

INICIOKERNELS . b=1.65;

INICIOKERNELS .L=INICIOKERNELS . a+INICIOKERNELS . b ;

INICIOKERNELS . f t i r e s t i f f n e s s =140000.0;

INICIOKERNELS . r t i r e s t i f f n e s s =120000.0;

INICIOKERNELS . mass=1800.0;

INICIOKERNELS . i z =3270.0;

%Para e l EKF

INICIOKERNELS . vhMdl=[INICIOKERNELS . a , INICIOKERNELS . b , INICIOKERNELS . mass ,

INICIOKERNELS . i z ] ;

INICIOKERNELS . trMdl=[INICIOKERNELS . Caf , INICIOKERNELS . Car ] ;

load meas noise

load p ro c no i s e

INICIOKERNELS . v ek f=v ek f ;

INICIOKERNELS . w ekf=w ekf ;

var gps =1.0e−6;

var v=1.0e−4;

v a r p s i =1.0e−6;

var ax=1.0e−4;

v a r d e l t a =1.0e−4;

v a r no i s e =1.0e−4;

INICIOKERNELS . var1 = [ var ax , va r de l t a , va r no i s e , va r no i s e , va r no i s e ,

v a r no i s e ] ;

INICIOKERNELS . var2 = [ var v , var gps , var gps , v a r p s i ] ;

INICIOKERNELS .P=eye (6 ) ;

INICIOKERNELS .Q=diag (INICIOKERNELS . var1 ) ;

INICIOKERNELS .R2=diag (INICIOKERNELS . var2 ) ;

INICIOKERNELS .ITERACIONES = 5500 ; % number o f i t e r a t i o n s

INICIOKERNELS .T = 0 . 0 1 ; % actua t ion per iod

INICIOKERNELS .NT = INICIOKERNELS .T∗INICIOKERNELS .M;% sampling per iod

INICIOKERNELS . Nbif = INICIOKERNELS .M; % mu l t i p l i c i t y

% Sampling time

INICIOKERNELS . dt=INICIOKERNELS .T;

load r e f s o r i a n o c o c h e %Carga x r e f t o t y r e f t o t cada 0.1 metros en cuadrado 20 x

20 metros

f a c t o r e s c a l a = 4 ; %escalamos l a s r e f e r en c i a s

x r e f t o t = x r e f t o t ∗ f a c t o r e s c a l a ;

y r e f t o t = y r e f t o t ∗ f a c t o r e s c a l a ;

p s i r e f t o t = [ zeros (400 ,1 ) ; ( pi /2) ∗ ones (400 ,1 ) ; pi∗ ones (400 ,1 ) ; ( 3∗ pi /2) ∗ ones

(400 ,1 ) ] ;

%

INICIOKERNELS . x r e f=x r e f t o t ;
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INICIOKERNELS . y r e f=y r e f t o t ;

INICIOKERNELS . x r e f t o t =[INICIOKERNELS . x r e f ( 600 : 800 ) ; INICIOKERNELS . x r e f ( 1 : 8 00 )

; . . .

INICIOKERNELS . x r e f ( 1 : 2 00 ) ] ;

INICIOKERNELS . y r e f t o t =[INICIOKERNELS . y r e f ( 600 : 800 ) ; INICIOKERNELS . y r e f ( 1 : 8 00 )

; . . .

INICIOKERNELS . y r e f ( 1 : 2 00 ) ] ;

for hh=1: length (INICIOKERNELS . x r e f t o t )−1

INICIOKERNELS . d r e f (hh )=sqrt ( ( INICIOKERNELS . x r e f t o t (hh+1) − . . .

INICIOKERNELS . x r e f t o t (hh) ) ˆ2+(INICIOKERNELS . y r e f t o t (hh+1) − . . .

INICIOKERNELS . y r e f t o t (hh) ) ˆ2) ;

end

INICIOKERNELS . p s i r e f n =270∗pi /180 ;

INICIOKERNELS . p s i d r e f n =0.1 ;

INICIOKERNELS .km = 1 ;

INICIOKERNELS . ipp=1;

% de lay s

load r e t a rdo s 009 .mat

INICIOKERNELS . retardoCA=retardo ;

% dropouts

load pe rd ida s 15 dob l e c e r o . mat

INICIOKERNELS . l o s s c=l o s s c ;

INICIOKERNELS . l o s c a=l o s c a ;

load w ekf s im .mat

sim ( ’ Cont ro l en red . s l x ’ ) ;

ind = 1 ;

x = ans . x ’ ;

x=x ( 3 : length ( x )−1) ;

y = ans . y ’ ;

y=y ( 3 : length ( y )−1) ;

x re fnac = ans . xre fn ’ ;

x r e fnac = xre fnac ( 3 : length ( x re fnac )−1) ;

y re fnac = ans . yre fn ’ ;
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yre fnac = yre fnac ( 3 : length ( y re fnac )−1) ;

d i s tp2p=(sqrt ( ( xre fnac−x ) .ˆ2+( yre fnac−y ) . ˆ 2 ) ) ;

d i s tbuena=zeros (1 , length ( d i s tp2p ) ) ;

for i =1: length ( x )

d i s tbuena ( i ) =100000;

for j =1: length ( x re fnac )

d is tbuena ( i )=min( d i s tbuena ( i ) , ( sqrt ( ( x re fnac ( j )−x ( i ) ) ˆ2+( yre fnac ( j )−y ( i )

) ˆ2) ) ) ;

end

end

figure

plot ( d i s tp2p )

hold on

plot ( d i s tbuena )

xlabel (” I t e r a c i o n e s ”) ;

ylabel (” Dist (m) ”) ;

legend (” Dist . r e f d i n m i c a ” ,” Di f . con l a t r a y e c t o r i a ”) ;

t i t l e ( t i t u l o )

% n d i c e J1

J1mod=0;

for i=ind : length ( x re fnac )

J1mod=J1mod+distbuena ( i ) ;

end

% n d i c e J2

J2mod=distbuena ( ind ) ;

for i=ind : length ( x re fnac )

J2mod=max(J2mod , d i s tbuena ( i ) ) ;

end

J1mod

J2mod

desv = std2 ( d i s tp2p )

% Ploteos ;

figure

plot ( x r e f t o t , y r e f t o t , ’b ’ ) ;

xlabel (”X(m) ”) ;

ylabel (”Y(m) ”) ;

hold on
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plot (x , y , ’−r ’ , ’ MarkerSize ’ , 0 . 5 ) ;

legend (” Re f e r enc i a ” ,” Trayector ia ”) ;

t i t l e ( t i t u l o ) ;

f i l ename = s t r c a t (” S imulac ion 15 ” , int2str ( simu ) ) ;

save ( f i l ename , ” J1mod” ,”J2mod” ,” desv ”)

end

toc

Esquema Simulink

Figura 55: Esquema Simulink
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