The readme file and MATLAB SW listings 

Ref. CRC Press Book: Mobile Intelligent Autonomous System, Eds. Raol J R and Ajith Gopal, 2012. 
Note: Please select/mark the required .m files and copy to your MATLAB directory, and save as *.m (‘file name’.m) files, then run the simulation.   

For Chapter 5 by VPS Naidu


Usefulness of the program: PC MATLAB is used to implement the DCT algorithms and these algorithms are validated using simulated data of images. Simulated results can be generated using these MATLAB codes for image decomposition, image reconstruction and image fusion.  Also the code for the performance evaluation metrics is given. Also codes for color image conversions and image fusion are given. 
For any clarification you may please contact: Dr. VPS Naidu 

"Dr. VPS Naidu" vpsnaidu@gmail.com
"Dr. VPS Naidu" vpsnaidu@nal.res.in
The MATLAB code of MDCT used for image decomposition (one level):
function[I] = mrdct(im)

% multi-Resolution Discrete Cosine Transform

% VPS Naidu, MSDF Lab, NAL

% input: im (input image to be decomposed)

% output: I (Decomposed image)

 [m,n] = size(im);

mh=m/2; nh=n/2;

for i=1:m

    hdct(i,:) = dct(im(i,:));

end

for i=1:m

    hL(i,:) = idct(hdct(i,1:nh));

    hH(i,:) = idct(hdct(i,nh+1:n));

end

for i=1:nh

    vLdct(:,i) = dct(hL(:,i));

    vHdct(:,i) = dct(hH(:,i));

end

for i=1:nh

    I.LL(:,i) = idct(vLdct(1:mh,i));

    I.LH(:,i) = idct(vLdct(mh+1:m,i));

    I.HL(:,i) = idct(vHdct(1:mh,i));

    I.HH(:,i) = idct(vHdct(mh+1:m,i));

end

                     %END

 The MATLAB code of IMDCT used for image reconstruction:

function[im] = imrdct(I)

% Inverse Multi-Resolution Discrete Cosine Transform

% VPS Naidu, MSDF Lab, NAL

% input: I (decomposed image)

% output: im (reconstructed image)

 [m,n] = size(I.LL);

m2 = m*2;

n2=n*2;

for i=1:n

    ivLdct(:,i) = [dct(I.LL(:,i));dct(I.LH(:,i))];

    ivHdct(:,i) = [dct(I.HL(:,i));dct(I.HH(:,i))];    

end

for i=1:n

    ihL(:,i) = idct(ivLdct(:,i));

    ihH(:,i) = idct(ivHdct(:,i));     

end

for i=1:m2

    hdct(i,:) = [dct(ihL(i,:)) dct(ihH(i,:))];

end

for i=1:m2

    im(i,:) = idct(hdct(i,:));

end

                     %END

The MATLAB code used for image fusion:
function[imf] = mrdctimfus(im1,im2)

% Image fusion using MDCT

% VPS Naidu, MSDF Lab, NAL

% input: im1 & im2 (images to be fused)

% output: imf (fused image)

 % multi-resolution image decomposition

X1 = mrdct(im1);

X2 = mrdct(im2);

 % Fusion

X.LL = 0.5*(X1.LL+X2.LL);

D  = bdm( X1.LH,X2.LH);

X.LH = D.*X1.LH + (~D).*X2.LH;

D  = bdm( X1.HL,X2.HL);

X.HL = D.*X1.HL + (~D).*X2.HL;

D  = bdm( X1.HH,X2.HH);

X.HH = D.*X1.HH + (~D).*X2.HH;

% fused image

imf = imrdct(X);

                     %END

 The MATLAB code for evaluating the fusion quality metrics:  

function[MAE,PSNR,SD,SF] = pereval(imt,imf)

% fusion quality evaluation metrics

% imt: true image

% imf: fused image

[M,N] = size(imt);

% mean absolute error (MAE)

MAE = sum(sqrt((imt(:)-imf(:)).^2))/(M*N);

 % Peak signal to noise Ratio (PSNR)

L = 256;

RMSE = sqrt(sum((imt(:)-imf(:)).^2)/(M*N));

PSNR = 10*log10(L^2/RMSE);

 % standard deviation SD

If = mean(imf(:));

Id = (imf(:)-If(:)).^2;

SD = sqrt(sum(Id)/(M*N));

 % spatial frequency criteria SF

RF = 0; CF = 0;

for m=1:M

    for n=2:N

        RF = RF + (imf(m,n)-imf(m,n-1))^2;

    end

end

RF = sqrt(RF/(M*N));

for n=1:N

    for m=2:M

        CF = CF + (imf(m,n)-imf(m-1,n))^2;

    end

end

CF = sqrt(CF/(M*N));

SF = sqrt(RF^2 + CF^2);

                     %END

The MATLAB code to convert the RGB color model to YCbCr color model:

function[y] = RGB2YCbCr(T,b,r)

% conversion from RGB toYCbCr  color space

% input: RGB color image

% output: y - YCbCr color space image

[M,N,O] = size(r);

for i=1:M

    for j=1:N

        a = [r(i,j,1);r(i,j,2);r(i,j,3)] ;

        y(i,j,:) = T*a+b;

    end

end

            %END
The MATLAB code to transform the YCbCr color model to RGB color model is : 
function[r] = YCbCr2RGB(T,b,y)

% conversion from YCbCr to RGB color space

% input: y - YCbCr color space image

% output: RGB color image

[M,N,O] = size(y);

for i=1:M

    for j=1:N

        a = [y(i,j,1);y(i,j,2);y(i,j,3)] ;

        r(i,j,:) = inv(T)*(a-b);

    end

end

            %END

 The MATLAB code for the color image fusion is given below:

function[imf] = cif(im1,im2)

% Color image fusion

% input: im1&im2 – color images to be fused

% output: imf – fused color image

T = [65.481 128.553 24.966; -37.797 -74.203 112; 112 -93.786 -18.214];

b = [16;128;128];

YY1 = RGB2YCbCr(T,b,im1);

YY2 = RGB2YCbCr(T,b,im2);

Y1 = YY1(:,:,1); Cb1 = YY1(:,:,2); Cr1 = YY1(:,:,3);

Y2 = YY2(:,:,1); Cb2 = YY2(:,:,2); Cr2 = YY2(:,:,3); 

Yf = mrdctimfus(Y1,Y2);

Cbf = 0.5*(Cb1+Cb2);

Crf = 0.5*(Cr1+Cr2);

y(:,:,1) = Yf; y(:,:,2) = Cbf; y(:,:,3) = Crf;

imf = YCbCr2RGB(T,b,y);

            %END

The MATLAB program to evaluate the fusion quality:

function[MAE,PSNR,SD,SF] = CIFpereval(imt,imf)

% color image fusion quality evaluation metrics

% inputs: imt - true image & imf - fused image

% outputs: MAE - mean absolute error, PSNR - peak signal to noise ratio

% SD - standard deviation & SF - spatial frequency

[M,N,K] = size(imt);

% mean absolute error (MAE)

MAE = sum(sqrt((imt(:)-imf(:)).^2))/(M*N*K);

% Peak signal to noise Ratio (PSNR)

L = 256;

RMSE = sqrt(sum((imt(:)-imf(:)).^2)/(M*N*K));

PSNR = 10*log10(L^2/RMSE);

% standard deviation SD

If = mean(imf(:));

Id = (imf(:)-If(:)).^2;

SD = sqrt(sum(Id)/(M*N*K));

% spatial frequency criteria SF

for j=1:K

    RF = 0; CF = 0;

    for m=1:M

        for n=2:N

            RF = RF + (imf(m,n,j)-imf(m,n-1,j))^2;

        end

    end

    RF = sqrt(RF/(M*N));

    for n=1:N

        for m=2:M

            CF = CF + (imf(m,n,j)-imf(m-1,n,j))^2;

        end

    end

    CF = sqrt(CF/(M*N));

    SF(j) = sqrt(RF^2 + CF^2);

end

SF = mean(SF);

            %END

-------------------------------------------------------------------------------------------------------------
For Chapter 9 by J R Raol. 


Usefulness of the program: A* ALGORITHM Demo/% Interactive A* search demo is a PC MATLAB based code (downloaded from the Ref. Source: Paul, V. Path planning A* algorithm in MATLAB code, April 2005; http://www.yasni.com /vivian+paul+premakumar/check+people, accessed July 2011) and is used (in the Book MIAS) to generate the results of the A* algorithm given in Figure 9.4. The source code is downloaded from the ref. website and put here for ease of use and referring: 
	from A* (A Star) search for path planning tutorial 

by Paul Premakumar 
A tutorial that presents the A* search algorithm for determining the shortest path to a target. 

	A_Star1.m
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A* ALGORITHM Demo

% Interactive A* search demo

% 04-26-2005

%   Copyright 2009-2010 The MathWorks, Inc.

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

%DEFINE THE 2-D MAP ARRAY

MAX_X=10;

MAX_Y=10;

MAX_VAL=10;

%This array stores the coordinates of the map and the 

%Objects in each coordinate

MAP=2*(ones(MAX_X,MAX_Y));

% Obtain Obstacle, Target and Robot Position

% Initialize the MAP with input values

% Obstacle=-1,Target = 0,Robot=1,Space=2

j=0;

x_val = 1;

y_val = 1;

axis([1 MAX_X+1 1 MAX_Y+1])

grid on;

hold on;

n=0;%Number of Obstacles

% BEGIN Interactive Obstacle, Target, Start Location selection

pause(1);

h=msgbox('Please Select the Target using the Left Mouse button');

uiwait(h,5);

if ishandle(h) == 1

    delete(h);

end

xlabel('Please Select the Target using the Left Mouse button','Color','black');

but=0;

while (but ~= 1) %Repeat until the Left button is not clicked

    [xval,yval,but]=ginput(1);

end

xval=floor(xval);

yval=floor(yval);

xTarget=xval;%X Coordinate of the Target

yTarget=yval;%Y Coordinate of the Target

MAP(xval,yval)=0;%Initialize MAP with location of the target

plot(xval+.5,yval+.5,'gd');

text(xval+1,yval+.5,'Target')

pause(2);

h=msgbox('Select Obstacles using the Left Mouse button,to select the last obstacle use the Right button');

  xlabel('Select Obstacles using the Left Mouse button,to select the last obstacle use the Right button','Color','blue');

uiwait(h,10);

if ishandle(h) == 1

    delete(h);

end

while but == 1

    [xval,yval,but] = ginput(1);

    xval=floor(xval);

    yval=floor(yval);

    MAP(xval,yval)=-1;%Put on the closed list as well

    plot(xval+.5,yval+.5,'ro');

 end%End of While loop

pause(1);

h=msgbox('Please Select the Vehicle initial position using the Left Mouse button');

uiwait(h,5);

if ishandle(h) == 1

    delete(h);

end

xlabel('Please Select the Vehicle initial position ','Color','black');

but=0;

while (but ~= 1) %Repeat until the Left button is not clicked

    [xval,yval,but]=ginput(1);

    xval=floor(xval);

    yval=floor(yval);

end

xStart=xval;%Starting Position

yStart=yval;%Starting Position

MAP(xval,yval)=1;

 plot(xval+.5,yval+.5,'bo');

%End of obstacle-Target pickup

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

%LISTS USED FOR ALGORITHM

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%OPEN LIST STRUCTURE

%--------------------------------------------------------------------------

%IS ON LIST 1/0 |X val |Y val |Parent X val |Parent Y val |h(n) |g(n)|f(n)|

%--------------------------------------------------------------------------

OPEN=[];

%CLOSED LIST STRUCTURE

%--------------

%X val | Y val |

%--------------

% CLOSED=zeros(MAX_VAL,2);

CLOSED=[];

%Put all obstacles on the Closed list

k=1;%Dummy counter

for i=1:MAX_X

    for j=1:MAX_Y

        if(MAP(i,j) == -1)

            CLOSED(k,1)=i; 

            CLOSED(k,2)=j; 

            k=k+1;

        end

    end

end

CLOSED_COUNT=size(CLOSED,1);

%set the starting node as the first node

xNode=xval;

yNode=yval;

OPEN_COUNT=1;

path_cost=0;

goal_distance=distance(xNode,yNode,xTarget,yTarget);

OPEN(OPEN_COUNT,:)=insert_open(xNode,yNode,xNode,yNode,path_cost,goal_distance,goal_distance);

OPEN(OPEN_COUNT,1)=0;

CLOSED_COUNT=CLOSED_COUNT+1;

CLOSED(CLOSED_COUNT,1)=xNode;

CLOSED(CLOSED_COUNT,2)=yNode;

NoPath=1;

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

% START ALGORITHM

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

while((xNode ~= xTarget || yNode ~= yTarget) && NoPath == 1)

%  plot(xNode+.5,yNode+.5,'go');

 exp_array=expand_array(xNode,yNode,path_cost,xTarget,yTarget,CLOSED,MAX_X,MAX_Y);

 exp_count=size(exp_array,1);

 %UPDATE LIST OPEN WITH THE SUCCESSOR NODES

 %OPEN LIST FORMAT

 %--------------------------------------------------------------------------

 %IS ON LIST 1/0 |X val |Y val |Parent X val |Parent Y val |h(n) |g(n)|f(n)|

 %--------------------------------------------------------------------------

 %EXPANDED ARRAY FORMAT

 %--------------------------------

 %|X val |Y val ||h(n) |g(n)|f(n)|

 %--------------------------------

 for i=1:exp_count

    flag=0;

    for j=1:OPEN_COUNT

        if(exp_array(i,1) == OPEN(j,2) && exp_array(i,2) == OPEN(j,3) )

            OPEN(j,8)=min(OPEN(j,8),exp_array(i,5)); %#ok<*SAGROW>

            if OPEN(j,8)== exp_array(i,5)

                %UPDATE PARENTS,gn,hn

                OPEN(j,4)=xNode;

                OPEN(j,5)=yNode;

                OPEN(j,6)=exp_array(i,3);

                OPEN(j,7)=exp_array(i,4);

            end;%End of minimum fn check

            flag=1;

        end;%End of node check

%         if flag == 1

%             break;

    end;%End of j for

    if flag == 0

        OPEN_COUNT = OPEN_COUNT+1;

    OPEN(OPEN_COUNT,:)=insert_open(exp_array(i,1),exp_array(i,2),xNode,yNode,exp_array(i,3),exp_array(i,4),exp_array(i,5));

     end;%End of insert new element into the OPEN list

 end;%End of i for

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

 %END OF WHILE LOOP

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

 %Find out the node with the smallest fn 

  index_min_node = min_fn(OPEN,OPEN_COUNT,xTarget,yTarget);

  if (index_min_node ~= -1)    

   %Set xNode and yNode to the node with minimum fn

   xNode=OPEN(index_min_node,2);

   yNode=OPEN(index_min_node,3);

   path_cost=OPEN(index_min_node,6);%Update the cost of reaching the parent node

  %Move the Node to list CLOSED

  CLOSED_COUNT=CLOSED_COUNT+1;

  CLOSED(CLOSED_COUNT,1)=xNode;

  CLOSED(CLOSED_COUNT,2)=yNode;

  OPEN(index_min_node,1)=0;

  else

      %No path exists to the Target!!

      NoPath=0;%Exits the loop!

  end;%End of index_min_node check

end;%End of While Loop

%Once algorithm has run The optimal path is generated by starting of at the

%last node(if it is the target node) and then identifying its parent node

%until it reaches the start node.This is the optimal path

i=size(CLOSED,1);

Optimal_path=[];

xval=CLOSED(i,1);

yval=CLOSED(i,2);

i=1;

Optimal_path(i,1)=xval;

Optimal_path(i,2)=yval;

i=i+1;

if ( (xval == xTarget) && (yval == yTarget))

    inode=0;

   %Traverse OPEN and determine the parent nodes

   parent_x=OPEN(node_index(OPEN,xval,yval),4);%node_index returns the index of the node

   parent_y=OPEN(node_index(OPEN,xval,yval),5);

      while( parent_x ~= xStart || parent_y ~= yStart)

           Optimal_path(i,1) = parent_x;

           Optimal_path(i,2) = parent_y;

           %Get the grandparents:-)

           inode=node_index(OPEN,parent_x,parent_y);

           parent_x=OPEN(inode,4);%node_index returns the index of the node

           parent_y=OPEN(inode,5);

           i=i+1;

    end;

 j=size(Optimal_path,1);

 %Plot the Optimal Path!

 p=plot(Optimal_path(j,1)+.5,Optimal_path(j,2)+.5,'bo');

 j=j-1;

 for i=j:-1:1

  pause(.25);

  set(p,'XData',Optimal_path(i,1)+.5,'YData',Optimal_path(i,2)+.5);

 drawnow ;

 end;

 plot(Optimal_path(:,1)+.5,Optimal_path(:,2)+.5);

else

 pause(1);

 h=msgbox('Sorry, No path exists to the Target!','warn');

 uiwait(h,5);

end
% END of the program



For Chapter 15 By J R Raol
The code available in the ‘net’ (Ref. source: Tim Bailey. ekfslamver2.0, a MATLAB program for EKF based SLAM. www-ersonal.acfr.usyd.edu.au/tbailey/software/slam_simulations, accessed July 2011) was downloaded and appropriately modified (by J. R. Raol) to incorporate the H-Infinity filter by appropriately replacing the KF/EKF codes. Then the results of the Chapter 15 for SLAM were generated. This modified code is incorporated in the book site as a separate file. Please contact: raoljr@gmail.com for any clarifications. Please note that the other subroutines are not altered by me. Some routines might not get exercised during the execution of ‘hislamsim’ MATLAB routine. If you have any questions regarding the other subroutines (i.e. other than H-infinity related), like ekfslamver2.0, PLEASE contact the source author Tim Bailey.
The hislamsim is not an optimised SW, it is a preliminary code. You can do further modifications based on your ideas. You may need some trials to obtain good results.  
Please follow the following sequence in the MATLAB window to execute the program:

frontend (It will create a figure, see below/first open this .m file and read its initial comments)   
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(Follow the instructions in these comments)

load lm
load wp

data=hislamsim(lm,wp); (It will create a figure, see below/first open this .m file and read its                                          
                                                          initial comments)   
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hiplot (It will create figure/plots, see below/first open this .m file see the listing)

[image: image3.emf]0 1000 2000 3000
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And yields the following % fit errors.

xfit =

    3.3301

yfit =

    3.6439

phfit =

    2.4632
For Chapter 26 by JR Raol and VPS Naidu: To generate the results of this chapter.
This is launch point and impact point prediction program using Kalman filter and RTS smoother.

This folder contains two MATLAB programs: 

1. simdat.m (function for generating true and noise measurements and also true trajectory) and 

2. liesti.m (main prgramme)

Execute only the liesti.m (script programme) to get the results. Other routines are subroutines.

For any clarification you may please contact: Dr. VPS Naidu 

"Dr. VPS Naidu" vpsnaidu@gmail.com
"Dr. VPS Naidu" vpsnaidu@nal.res.in
Usefulness of the program: PC MATLAB is used to implement the algorithms and these algorithms are validated using simulated data of a target moving with constant acceleration. Simulated test results can be presented in terms of the accuracy of prediction of the launch and impact points, time history comparisons, autocorrelation of the residuals with their theoretical bounds, innovation sequence with the theoretical bounds and state error with bounds for the simulated data.
%function[] = liesti()

% launch point and impact point prediction program 

% using Kalman filter and RTS smoother

% Ref. CRC Press Book MIAS Chapter-26 by JR Raol and VPS Naidu

clear all; home; close all;pause(1);

B = 102; %point B & point A is always 1

C = 400; %point C

D = 500; %No. of samples in a data - pint D

T = 0.1; % Sampling time  

% State transition matrix

F = [1 T T^2/2 0 0 0     0 0 0

     0 1 T     0 0 0     0 0 0

     0 0 1     0 0 0     0 0 0

     0 0 0     1 T T^2/2 0 0 0

     0 0 0     0 1 T     0 0 0

     0 0 0     0 0 1     0 0 0

     0 0 0     0 0 0     1 T T^2/2

     0 0 0     0 0 0     0 1 T

     0 0 0     0 0 0     0 0 1];

%Process noise gain matrix

G = [T^3/6  0     0

     0      T^2/2 0

     0      0     T

     T^3/6  0     0

     0      T^2/2 0

     0      0     T

     T^3/6  0     0

     0      T^2/2 0

     0      0     T];

%Observation matrix

H = [1 0 0 0 0 0 0 0 0

     0 0 0 1 0 0 0 0 0

     0 0 0 0 0 0 1 0 0];

%initial state vector

X = [1200.0 20 0 3000.0 0 0 0 20 -0.4];

% measurement noise covariance matrix

R=[1 0 0

   0 1 0

   0 0 1];

%Process noise covariance matrix

Q = [0.0001 0   0

     0   0.0001 0

     0   0   0.0001];

%Simulate D no. of samples test data

[Xstate,tdat,ndat]=simdat(F,G,H,Q,R,X,D);

N = C-B+1;

i=1:N;

raw = ndat(i+B-1,:);

%Initial state and its covariance

Xhat= 0.9*Xstate(B-1,:);

Phat = diag((Xstate(B-1,:)-Xhat).^2);

%Kalman filtering 

for i=1:N

    z = raw(i,:)';

    %Time update

    Xtelda = F*Xhat';           % eq. 26.5a

    Ptelda = F*Phat*F'+G*Q*G';  % eq. 26.5b

    S = H*Ptelda*H'+R;          % eq. 26.6b

    K = Ptelda * H'*inv(S);     % eq. 26.6b

    %Measurement update

    Nu = z-H*Xtelda;            % eq. 26.6a

    Xhat = (Xtelda + K*Nu)';    % eq. 26.cd

    Phat = (eye(9)-K*H)*Ptelda; % eq. 26.6e

    %storing purpose

    Xpredict(i,:) = Xtelda';

    Ppredict(i,:) = Ptelda(1:81);

    Xupdate(i,:) = Xhat';

    Pupdate(i,:) = Phat(1:81);

    fouts(i,:) = [Xhat sqrt(diag(Phat))' Nu' sqrt(diag(S))'];

end

%mean of residuals

mNux = mean(fouts(2*3:N,19));

mNuy = mean(fouts(2*3:N,20));

mNuz = mean(fouts(2*3:N,21));

% autocorrelation of residuals
acx=xcorr(raw(:,1)-fouts(:,1),'coeff');

acy=xcorr(raw(:,2)-fouts(:,4),'coeff');

acz=xcorr(raw(:,3)-fouts(:,7),'coeff');

acn=fix((2*N-1)/10);

acb=ones(1,acn)*1.96/sqrt(N);%autocorrelation bounds

% Compute the PFE

pfex=(norm((raw(2*3:N,1)-fouts(2*3:N,1)),2)/norm(raw(2*3:N,1),2))*100;

pfey=(norm((raw(2*3:N,2)-fouts(2*3:N,4)),2)/norm(raw(2*3:N,2),2))*100;

pfez=(norm((raw(2*3:N,3)-fouts(2*3:N,7)),2)/norm(raw(2*3:N,3),2))*100;

fprintf('\nPercentage Fit Error :');

fprintf('\nPFE in x-posi = %f',pfex);

fprintf('\nPFE in y-posi = %f',pfey);

fprintf('\nPFE in z-posi = %f',pfez);

fprintf('\nMean Residual: ');

fprintf('\nmN in x-posi = %f',mNux);

fprintf('\nmN in y-posi = %f',mNuy);

fprintf('\nmN in z-posi = %f',mNuz);

fprintf('\n\n');

%RTS Smoothing 

t=N;

L = Xupdate(N,:);

Pj1N = reshape(Pupdate(N,:),9,9);

smo_pupdate(1,:) = Pj1N(1:81);

for u = 2:N

    if t ~= -1

        Pj1j = reshape(Ppredict(t,:),9,9);

        t = t-1;

        Pjj = reshape(Pupdate(t,:),9,9);

        % Smoother equations

        G = Pjj*F'*inv(Pj1j);  % eq. 26.9

        xnm1n = Xupdate(t,:)'+ G*(L - Xpredict(t+1,:))'; % eq. 26.7

        L = xnm1n';

        pnm=Pjj + G*(Pj1N - Pj1j)*G'; % eq. 26.8

        Pj1N = pnm;

        %storing purpose

        smo(u,:) = xnm1n';

        smo_pupdate(u,:) = pnm(1:81);

    end 

end

smo(1,:)=Xupdate(N,:);

% Forward Time propagation filter output to find impact point

jj=0;

xn = Xupdate(N,1:9)';

phat=reshape(Pupdate(N,:),9,9);

if C==D 

   jj=1;

   ipxouts(jj,:)=xn';

   ippout(jj,:)=phat(1:81);

else

    for i = 1:D-C

        jj = jj+1;

        if jj <= D-C

            xnm(:,jj) = F* xn; % eq. 26.10

            xn = xnm(:,jj);

            ptilda=F*phat*F';  % eq. 26.11

            phat=ptilda;

        end

        %storing purpose

        ipxouts(jj,:) = xn';

        ippout(jj,:) = ptilda(1:81);

    end

end

ipstd=sqrt(abs(diag(reshape(ippout(jj,:),9,9))));

fprintf('\nImapct Point Estimation:');

fprintf('\nx - True position = %9.4f',tdat(D,1));

fprintf('\ny - True position = %9.4f',tdat(D,2));

fprintf('\nz - True position = %9.4f',tdat(D,3));

fprintf('\nx - Impact point position & std = %9.4f%9.4f',ipxouts(jj,1),ipstd(1));

fprintf('\ny - Impact point position & std = %9.4f%9.4f',ipxouts(jj,4),ipstd(4));

fprintf('\nz - Impact point position & std = %9.4f%9.4f',ipxouts(jj,7),ipstd(7));

% Backward integration to find launch point using RTS smoother output

jj= 0;

xn = smo(N,:)';

ptilda = reshape(smo_pupdate(N,1:81),9,9);

if B==1 

   jj=1;

   lpxouts(jj,:)=xn';

   lppout(jj,:)=ptilda(1:81);

else

    for i = 1:B-1

        jj = jj+1;

        if jj <= B-1

            xnm(:,jj) = inv(F)*xn;      % eq. 26.12

            xn = xnm(:,jj);

            phat=inv(F)*ptilda*inv(F'); % eq. 26.13

            ptilda = phat;

        end

        %storing purpose

        lpxouts(jj,:) = xnm(:,jj)';

        lppout(jj,:) = phat(1:81);

    end

end

lpstd=sqrt(abs(diag(reshape(lppout(jj,:),9,9))));

fprintf('\n\n\nLaunch Point Estimation :');

fprintf('\nx - True position = %9.4f',tdat(1,1));

fprintf('\ny - True position = %9.4f',tdat(1,2));

fprintf('\nz - True position = %9.4f',tdat(1,3));

fprintf('\nx - Launch point position & std = %9.4f%9.4f',lpxouts(jj,1),lpstd(1));

fprintf('\ny - Launch point position & std = %9.4f%9.4f',lpxouts(jj,4),lpstd(4));

fprintf('\nz - Launch point position & std = %9.4f%9.4f',lpxouts(jj,7),lpstd(7));

fprintf('\n\n\n');

% results display

j=(1:D);

figure(3);

subplot(211),plot(j(B:C)*T,raw(:,1),'b-');

hold on;

plot(j(B:C)*T,tdat(B:C,1),'b:');

plot(j(B:C)*T,fouts(:,1),'r--');

plot(j(B:C)*T,smo(N:-1:1,1),'g-.');

ylabel('x-pos. (m)');

legend('raw data','true data','filter o/p','smoother o/p',0);

hold off;

subplot(212); plot(j*T,tdat(:,1),'b-');

hold on;

plot(j(C:D)*T,[fouts(N,1) ipxouts(:,1)'],'r--');

plot(j(1:B)*T,[lpxouts(B-1:-1:1,1)' smo(N,1)],'g-.');

xlabel('Time in sec');

ylabel('x-pos. (m)');

legend('true data','filter predict','smoother predict',0);

hold off;

figure(4)

subplot(211); plot(j(B:C)*T,raw(:,2),'b-');

hold on;

plot(j(B:C)*T,tdat(B:C,2),'b:');

plot(j(B:C)*T,fouts(:,4),'r--');

plot(j(B:C)*T,smo(N:-1:1,4),'g-.');

ylabel('y-pos. (m)');

legend('raw data','true data','filt o/p','smo o/p',0);

hold off;

subplot(212); plot(j*T,tdat(:,2),'b-');

hold on;

plot(j(C:D)*T,[fouts(N,4) ipxouts(:,4)'],'r--');

plot(j(1:B)*T,[lpxouts(B-1:-1:1,4)' smo(N,4)],'g-.');

xlabel('Time in sec');

ylabel('y-pos.(m)');

legend('true data','filt pre.','smo pre',0);

hold off;

figure(5)

subplot(211); plot(j(B:C)*T,raw(:,3),'b-');

hold on;

plot(j(B:C)*T,tdat(B:C,3),'b:');

plot(j(B:C)*T,fouts(:,7),'r--');

plot(j(B:C)*T,smo(N:-1:1,7),'g-.');

ylabel('z-pos. (m)');

legend('raw data','true data','filt o/p','smo o/p',0);

hold off;

subplot(212); plot(j*T,tdat(:,3),'b-');

hold on;

plot(j(C:D)*T,[fouts(N,7) ipxouts(:,7)'],'r--');

plot(j(1:B)*T,[lpxouts(B-1:-1:1,7)' smo(N,7)],'g-.');

xlabel('Time in sec');

ylabel('z-pos. (m)');

legend('true data','filt pre.','smo pre',0);

hold off;

figure(6);

subplot(311),plot(j(B:C)*T,fouts(:,19),'r',j(B:C)*T,[fouts(:,22) -fouts(:,22)],'b--');

ylabel('\nu_x (m)');

legend('residues','bounds',0);

axis tight;

subplot(312),plot(j(B:C)*T,fouts(:,20),'r',j(B:C)*T,[fouts(:,23) -fouts(:,23)],'b--');

ylabel('\nu_y (m)');

legend('residues','bounds',0);

axis tight;

subplot(313),plot(j(B:C)*T,fouts(:,21),'r',j(B:C)*T,[fouts(:,24) -fouts(:,24)],'b--');

xlabel('time in sec');

ylabel('\nu_z (m)');

legend('residues','bounds',0);

axis tight;

figure(7)

subplot(311),plot((B+1:B+acn)*T,acx(N:N+acn-1),'r',(B+1:B+acn)*T,[acb' -acb'],'b--');

ylabel('cor_x');

legend('accor','bounds');

axis tight;

subplot(312),plot((B+1:B+acn)*T,acy(N:N+acn-1),'r',(B+1:B+acn)*T,[acb' -acb'],'b--');

ylabel('cor_y');

legend('accor','bounds');

axis tight;

subplot(313),plot((B+1:B+acn)*T,acz(N:N+acn-1),'r',(B+1:B+acn)*T,[acb' -acb'],'b--');

xlabel('Time lag');

ylabel('cor_z');

legend('accor','bounds');

axis tight;

figure(8)

subplot(311),plot(j(B:C)*T,(Xstate(B:C,1)-fouts(:,1)),'r',j(B:C)*T,[sqrt(fouts(:,10)) -sqrt(fouts(:,10))],'b--');

ylabel('\Delta_x (m)');

legend('state error','bounds',0);

axis tight;

subplot(312),plot(j(B:C)*T,(Xstate(B:C,4)-fouts(:,4)),'r',j(B:C)*T,[sqrt(fouts(:,13)) -sqrt(fouts(:,13))],'b--');

ylabel('\Delta_y (m)');

legend('state error','bounds',0);

axis tight;

subplot(313),plot(j(B:C)*T,(Xstate(B:C,7)-fouts(:,7)),'r',j(B:C)*T,[sqrt(fouts(:,16)) -sqrt(fouts(:,16))],'b--');

xlabel('time in sec');

ylabel('\Delta_z (m)');

legend('state error','bounds',0);

axis tight;

figure(9)

ef = Xstate(B:C,1)-Xupdate(:,1);

es = Xstate(B:C,1)-fliplr(smo(:,1)')';

subplot(311), plot(j(B:C)*T,ef); hold; plot(j(B:C)*T,es,'r:');

ylabel('\Delta_x (m)');

ef = Xstate(B:C,4)-Xupdate(:,4);

es = Xstate(B:C,4)-fliplr(smo(:,4)')';

subplot(312), plot(j(B:C)*T,ef); hold; plot(j(B:C)*T,es,'r:');

ylabel('\Delta_y (m)');

ef = Xstate(B:C,7)-Xupdate(:,7);

es = Xstate(B:C,7)-fliplr(smo(:,7)')';

subplot(313), plot(j(B:C)*T,ef); hold; plot(j(B:C)*T,es,'r:');

ylabel('\Delta_y (m)');

xlabel('time in sec.');

legend('filter','smoother');

figure(10)

bf = [sqrt(Pupdate(:,1)) ; sqrt(ippout(:,1))];

ef = [(Xstate(B:C,1)-fouts(:,1)); (Xstate(C+1:D,1)-ipxouts(:,1))];

subplot(311), plot(j(B:D)*T,ef,'r',j(B:D)*T,[bf -bf],'b--');

ylabel('\Delta_x (m)');

bf = [sqrt(Pupdate(:,31)) ; sqrt(ippout(:,31))];

ef = [(Xstate(B:C,4)-fouts(:,4)); (Xstate(C+1:D,4)-ipxouts(:,4))];

subplot(312), plot(j(B:D)*T,ef,'r',j(B:D)*T,[bf -bf],'b--');

ylabel('\Delta_y (m)');

legend('state error: KF&FP','bounds: KF&FP');

bf = [sqrt(Pupdate(:,61)) ; sqrt(ippout(:,61))];

ef = [(Xstate(B:C,7)-fouts(:,7)); (Xstate(C+1:D,7)-ipxouts(:,7))];

subplot(313), plot(j(B:D)*T,ef,'r',j(B:D)*T,[bf -bf],'b--');

ylabel('\Delta_z (m)');

xlabel('time in sec.');

figure(11)

bs = [sqrt(lppout(B-1:-1:1,1)); fliplr(sqrt(smo_pupdate(:,1))')'];

es = [(Xstate(1:B-1,1)-lpxouts(B-1:-1:1,1)); Xstate(B:C,1)-fliplr(smo(:,1)')'];

subplot(311), plot(j(1:C)*T,es,'r',j(1:C)*T,[bs -bs],'b--');

ylabel('\Delta_x (m)');

bs = [sqrt(lppout(B-1:-1:1,31)); fliplr(sqrt(smo_pupdate(:,31))')'];

es = [(Xstate(1:B-1,4)-lpxouts(B-1:-1:1,4)); Xstate(B:C,4)-fliplr(smo(:,4)')'];

subplot(312), plot(j(1:C)*T,es,'r',j(1:C)*T,[bs -bs],'b--');

ylabel('\Delta_y (m)');

legend('state error: RTS&BI','bounds: RTS&BI');

bs = [sqrt(lppout(B-1:-1:1,61)); fliplr(sqrt(smo_pupdate(:,61))')'];

es = [(Xstate(1:B-1,7)-lpxouts(B-1:-1:1,7)); Xstate(B:C,7)-fliplr(smo(:,7)')'];

subplot(313), plot(j(1:C)*T,es,'r',j(1:C)*T,[bs -bs],'b--');

ylabel('\Delta_z (m)');

xlabel('time in sec.');

function[xstate,tdat,ndat]=simdat(F,B,H,Q,R,X,N)

%Trajectory simulation 

% Process noise

randn('seed',9119);

noise = randn(N,3);

for i=1:3

  w(:,i) = (noise(:,i)- mean(noise(:,i)))/std(noise(:,i));

end

% measurement noise

randn('seed',1991);

noise = randn(N,3);

for i=1:3

  v(:,i) = (noise(:,i)- mean(noise(:,i)))/std(noise(:,i));

end

%Trajectory simulation

for i = 1:N %(point A to D)

   X = F*X' + B*sqrt(Q)*w(i,:)';

   z(:,i) = H*X + sqrt(R)*v(i,:)';

   c = z(:,i) - v(i,:)';

   X = X';

   % storing purpose

   xstate(i,:) = X; % target states

   tdat(i,:) = c';  % true measurements

   ndat(i,:) = z(:,i)'; % noisy measurements

end
 % END OF FILE

############################################################################## 

