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CMSC 828D: Fundamentals of Computer Vision
Homework 12

Instructors: Larry Davis, Ramani Duraiswami,
Daniel DeMenthon, and Yiannis Aloimonos

Solution based on homework submitted by Haiying Liu

1. Find the dationary point of the curve f(x,y) =Xy subject to the congtraint x+y=1
using the method of Lagrange multipliers.

Solution: Define g(x,y,! )= f(x,y)+I (x+y- 1).

Let its partia derivatives respect to x,y,| to be

Zeres.
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The stationary point of the curve subject to the constraint is a (1/2,1/2). The above plot shows

relationships between the curve and the condraint. See Matlab script hwil2_1. min gppendix for
detall.

2. Thegoal of thisproblem isto find position estimatesfor a missile movingin 3D. ...
a. Plot the 3 coordinates of the missile position in space ...
Solution: It isplotted below. Matlab script hwi2_2. mislisted in gopendix.
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b. Writethe state equation, ...
Solution: The state equetion iswritten as.
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where w, ~ N(0,0.l), Dt =0.01 second is the time step. Rewrite the above equation in a smpler
fom: a® =Fa®? + wi b,

c. Write the measurement equation, ...
Solution: The measurement equation iswritten as.
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where v, ~ N(0,3). Rewrite the above equation in asmpler form: x = Ha® + v,

d. Write aMatlab Kaman filter function, ...

Solution: See Matlab script hwl2_2. min gopendix in detail.

e. RuntheKdmanfilter ...

Solution: See Matlab script hwl2_2. min gopendix in detail. The estimations are plotted below:
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3. Read Chapter 19.4 of the book by ...
Solution: Done.

Appendix:
hwl2 1.m:

function hwi2_1

% Syntax: hwl2_1

%

% Descri ption: CMsC828D HWM2_1
%

% Aut hor: Haiying Liu

% Date: Dec. 2, 2000

%
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dbstop if error

nsg = nargchk(0, 0, nargin);

if (~isenpty(msg))
error(strcat (' ERROR: ', nsgQ));

end

cl ear nsg;
0/@:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
figure;

meshX = -2:0.1:2;

meshY = -2:0.1:2;

[x, y] = nmeshgrid(meshX, neshy)
f_xy =X .*y;

mesh(x, y, f_xy);

grid on;

Ix = -2:0.1:2;

ly =1 - 1x;

Iz = ones(length(lx), 1);

hol d on;
plot3(Ix, ly, 12z);

plot3(.5, .5, 1, '*');
text(.5, .5, 1.5, 'stationary point');
text(2, -1, 1.5, 'x +y =1");

x| abel (" x");
ylabel ("y");
zlabel ("f(x,y)");
view - 157, 26);

print -djpeg hwi2 1;
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hwl2 2.m:

function hwl2 2

% Syntax: hwl2_2

%

% Descri ption: CMsC828D HWM2_ 2
%

% Aut hor: Haiying Liu

% Date: Dec. 2, 2000

dbstop if error

nsg = nargchk(0, 0, nargin);

if (~isenpty(msg))
error(strcat (' ERROR ', nsg));

end

cl ear nsg;
0/@:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
% a. Plot the 3 coordinates of the missile position in space as

%= a function of tinme on a single figure.

% Read t he raw dat a.

rawData = textread(' KF_neas.dat', "% ');

X = reshape(rawbData, 3, length(rawbata) / 3)';
nXx = size(x, 1);

figure;

subplot (1, 2, 1);
plot3(x(:, 1), x(:, 2), x(:, 3), "g.");

xl abel (" x_1");
yl abel (' x_2");
zl abel (' x_3")
grid on;

viewm 3);

subplot (1, 2, 2);

dt = 0.01;

t = 1:dt:(nX - 1)* dt + 1,

plot(t, x(:, 1), t, x(:, 2), t, x(:, 3));
xlabel ("t");

ylabel ("x_1, x_2, x_3");

grid on;

print -djpeg hwl2_2a;

% d. Wite a Matlab Kalman filter function ..

% See the function 'Kal manFilter' bel ow.
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% e. Run the Kalman filter. Plot the estinmates for the mssile ..

% lnitialization.

phi =1 ...
100dt 0 O ;
0100 dt O;
0010 0 dt;
1000 O O;
0100 O O;
0010 0O O;
1
H =1 ...
10000 O0;
01000 O0;
00100 O0;
1
Q =0.01 * eye(6);
=4 * eye(3);
state.a = zeros(6, 1);
st at e. phi = phi;
state. Q = Q
state. K =1];
state. P = eye(6);
state. PP = eye(6);
mesaurenment.x = [];
measure.H = H
measure.R = R

% Estimate for the dyanam c system
est_a = zeros(nX, 6);
for index = 1:nX
measure.x = x(index, :)";
state = Kal manFilter(state, neasure);
est _a(index, :) = state.a';
end

subplot (1, 2, 1);
hol d on;
plot3(est_a(:, 1), est_a(:, 2), est_a(:, 3), 'k');

subplot (1, 2, 2);

hol d on;

t =[1- dt, t];

est_a = [zeros(6, 1)'; est_a];

plot(t, est_a(:, 1), 'k', t, est_a(:, 2), 'k', t, est_a(:, 3), "k');
axis tight;

print -djpeg hwli2_2f;
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function newState = Kal manFilter(state, measure)
% Syntax: newState = Kal manFilter(state, neasure)
%

% state - structure for state equation including

% state.a : state variable;

% state.phi: systemmatrix;

% state.Q : covariance for state Gaussi an noise
% at tinme i-1;

% state.K : gain;

% state.P : covairance matrix for prediction
% error, i.e. P _i;

% state. PP : covariance for estimation error,
% i.e. P_i-1.

% measure - structure for measure equation including

% measure. Xx: neasure vari abl e;

% measure. H. systemtransfer matrix;

% measure. R covari ance for neasure

% Gaussi an noi se

%

% Description: Kalman filter
%

% Aut hor: Haiying Liu

% Date: Dec. 2, 2000

dbstop if error

msg = nargchk(2, 2, nargin);

if (~isenpty(nsg))
error(strcat (' ERROR: ', nsgQ));

end

cl ear nsg;

% Initialize the new estimation structure by old one.
newst at e = state;

% Conpute the covariance matrix for prediction error.
newState.P = state.phi * state.PP * (state.phi)' + state.Q

% Conput e Gai n.
newState. K = state.P * (measure.H)' * .
i nv(nmeasure.H * state.P * (neasure. H) + nmeasure.R);

% Predict the new state.
newState.a = state.phi * state.a + newState.K *
(nmeasure.x - neasure.H * state.phi * state.a);

% Conput e covariance for estimtion error used for next round recursion.
newSt ate. PP = (eye(size(newState. K, 1), size(nmeasure.H, 2)) -
newSt ate. K * neasure.H) * newState.P;
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