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% IMM algorihm
% call function of EXF, ipugl and Inoise

clear;

% Set initial conditions

xe =15 ye = 15; % Emitter's location

x1 =0, vyl =0; % DF1's location
x2 = 10; y2=0; % DF2's location
x3 = 20; y3=0; % DF3's location
XYk = [x1 x2 x3; y1 y2 y3]; % Observer location at state k

b1 = atan2{(ye-y1),(xe-x1)); % Exact bearing from DF1 to the emitter
b2 = atan2((ye-y2),(xe-x2)); % Exact bearing from DF2 to the emitter
b3 = atan2((ye-y3),(xe-x3}}; % Exact bearing from DF3 to the emitter

PNG = linspace(0.9,0.05,18); % Non-Gaussian probability
for gg = 1:18
Png = PNG{gg)
msdil = 0.0175; % Model 1 standard deviation
msd2 = 0.25; % Model 2 standard deviation
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DF1 = [x1 y1 bl msdl msd2]'; % DF1 data in vector form
" DF2 = [x2 y2 b2 msdl msd2|'; % DF2 data in vector form
DF3 = [x3 y3 b3 msd1 msd?2]’; % DF3 data in vector form

plkl = 0.95; % Initial weight of the first model, Gaussian Dist.
p2kl = 0.05; % Initial weight of the second model, Outlier Dist.

[x1k1,CovXY] = ipugl(DF1,DF3PNG); % call function of Initial Position Uncertainty
P1k1 = diag(diag(CovXY));

[x2k1,CovXY] = ipugl(DF1,DF3PNG);, % call function of Initial Position Uncertainty
P2k1 = diag{diag{CovXY));

A = [1-Png Png; Png 1-Pngl; % Model transition matrix

Phi = [1 0,0 1]; % State transition matrix, Kalman filter

SteadyState = 1;

Observations = 40,

Monte = 100;

MEIXY = eye(Monte,Observations);

t1 = clock;
for s = 1:Monte
randn('seed',s);
rand(‘seed',s);
Runs = s;
% ceall function of Lnoise
N1 = Inoise{msd1,msd2 Png,Observations); % Measurement noise DF 1
N2 = Inoise{msd1,msd2.Png Observations); % Measurement noise DF 2
N3 = Inoise(msd1,msd2,Png,Observations}), % Measurement noise DF 3
Bl = b1+N1(;,1); % Add noises to DF1
B2 = b2+N2(:,1); % Add noises to DF2
B3 = b3+N3(;,1); % Add noises to DF3
Bk = [B1 B2 B3];



208

count = 0
for Obsv = 1:0Observations
for df = 1:3

count = count+1;

vk = XYk(2,df}; xk = XYk(1,df); % observer location
DFk = [xk vk Bk(Obsv,di)]’; % DF data at state k

% STEP 1 MIXING

p_1k = A(1,1)*p1k1 + A(1,2)*p2k1; % Mixed weight of the 1st model

p_2k = A(21)*p1k1 + A(2,2)*p2k1; % Mixed weight of the 2nd model

x_1k1 = A(1,1) * p1k1 * x1ki/p_1k + (A(1,2) * p2k1 * x2k1/p_1K);% Mixed estimate
x_2k1 = A(2,1) * p1kl * x1k1/p_2k + (A(2,2) " p2k1 * x2k1/p_2k);% Mixed estimate

% Mixed covariance, 1st model

P_1kl1 = A(1,1} * p1k1 * (P1k1 + (x1k1 - x_1k1) * (x1k1 - x_1k1)'¥/p_1k + ..
A(1,2) * p2k1 * (P2K1 + (x2k1 - x_1k1) * (x2k1 - x_1k1)Vp_1k;

% Mixed covariance, 2nd model

P_2k1 = A(2,1) * p1kl * (P1k1 + (x1k1 - x_2k1) * (x1K1 - x_2k1)')/p_2k + ...
A{2,2) * p2k1 * (PZk1 + (x2k1 - x_2k1) * (x2k1 - x_2k1}')/p_2k;

% STEP 2 FILTERING

% Put x_ik1 and P_ikl into corresponding Kalman filters to get the predicted
%  Pik, Sik and measurement updated XiK, PiK.

% For the Kalman filter:

% x_ik1 == X{k-1lk-1)
% P_ikl == P(k-1k-1)
% Xik == X(klk-1}
% Pik == P{klk-1)
% XiK == X{klk)
% PiK == P(klk)

% call EKF function
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% Model 1, Gaussian

[X1X, P1K, P1k, S1k, vik] = feki2(DFk, x_1k1, P_1k1, Phi, msdi);
% Model 2, Outlier

[X2K, P2K, P2k, S2k, vak] = feki2(DFk, x_2k1, P_2k1, Phi, msd2);

% STEP 3 UPDATING STATISTICS

al = p_1k * (1/sqrt(S1k)) * exp(-0.5*vik*vik/S1k );
a2 = p_2k * {1/sqrt(S2k)) * exp(-0.5*v2k*v2k/S2k );
¢ = 1/{al+a2); % Nomenclature constant
plk = ¢ * al; % Updated weight, model 1

p2k = ¢ * a2, % Updated weight, model 2

% STEP 4 OUTPUT
Xk = plk * X1K + p2k * X2K;
Pk = plk * (P1K + (X1K - Xk} * (X1K - Xk}) + p2Zk * (P2K + (X2K - Xk) * (X2K - Xk}');

% Update parameters
plkl = pik;
p2kl = pZk;
x1kl = X1X;
x2k1 = X2K;
P1kl = P1K;
P2kl = PZK;

ErX{count) = xe - Xk(1);
ErY{count) = ye - Xk(2);
ErXY{count) = (ErX(count)A2);
MErXY(s,count) = ErXY(count);
end; % End df for loop

end; % End Obsv loop

end % End of Monte loop



AvgMErXY = sum(MErXY)/Monte;
for i = 1:0bservations

AvgAvg(i) = sum(AvgMErXY(1:i)/A
end

ErrSNR{gg) = AvgAvg(3*Observations)

end % end PNG

TotalVar = {(1-PNG@)*msd1A2 + 2*PNG*msd2/2;
SNR = 10*log10{1./TotalVar),

figure

hoid

plot{SNR ErrSNR,'C")
xlabel('SNR(dB))
ylabel('MS Position Errors))
grid
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function [Xkk,Pkk,Pkk1,Skk1,vk] = fekf(DFk,Xk1k1,Pk1k1,Phi MSD)

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

FEKF Extended Kalman Filter Function
[Xkk Pkk] = fekf(DFk Xkik1 Pklkl Phi,MSD}

Inputs to the filter:
1) DFk is a vector whose elements are coordinates (X,Y) and Bk,
a measured bearing, of an active DF at state k; DFk = [X Y Bk]'.
2) Xk1k1 = X(k-1lk-1), a previous estimate at state k-1
3) Pk1k1 = P(k-1lk-1), an error covariance update at state k-1
4) Phi, a state transition matrix

5} MSD, Measurement Standard Deviation

Qutputs of the filter:
1) Xkk = X(klk), an estimate at state k, the current state
2) Pkk = P(kik), an error covariance update at state k
3) Pkk1 = P(klk-1), an error covariance extrapolation
4) Skk1 = S(klk-1), 8 noise corresponding covariance extrapolation
The function was written specially for the method of applying EKF in

passive position location without process noises.

%Initialization
R = MSDAZ, % Measurement noise variance
g22 = 002502,
= [0 0;0 q22; % Process noise variance, can't set Q =0,

% so set q22 small as possible

Bk = DFk(3); % Measurement at state k ; contaminated by noise



% Start EKF algorithm

%  Specify :

% X(klk) == Xkk

% X{k-1lk-1) == Xk1k1
% X(klk-1} == Xkk1

Xkk1 = Phi*Xk1k1; % X(110) = Phi*X(0I0});
yekkl = Xkk1(2); xekkl = Xkk1(1);
vk = DFk(2); xk = DFk(1); % observer location

u = (yekkl - yk)/(xekk1-xk);
uy = (yekk1-yk);
ux = (xekk1-xk);

hXkkl = atan2(uy,ux); % h(X(klk-1))

H11 = -u*{{1+unr2) * (xekkl - xk)A(-1);

H12 = {(1+un2) * (xekkl - xk)}A(-1);

HXkk1 = [H11 H12]; % H{X(klk-1))

Pkk1 = Phi*Pk1k1*Phi' + Q: . % P{klk-1) , error covariance extrapolation

Skk1 = HXXkk1*Pkk1*HXkk1'+R; % noise corresponding covariance extrapolation
vk = Bk - hXkkl: % Estimated noise

K = Pkk1*HXkk1'*Skk1A(-1); % Kalman gain

Xkk = Xkk1+K*(Bk - hXkk1); % State estimate equation
Pkk = (eye(2) - K*HXkk1) * Pkk1; % Error covariance update
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1)_Laplacian Not

function |N] = lnoise(SDG,SDL PNG,Amount}

beta = SDL/sqrt(2); % Laplacian Distribution Parameter
for i = 1:Amount
if (rand < PNG) % Check if Laplacian

if(rand < 0.5)
N(i} = beta*log(rand);
else
N() = -beta*log(rand);
end
clse % Not Laplacian, so return Gaussian distribution
N() = SDG*randn;
end

end

N = N': % Convert inte vector form



2) Uniform Noi
function [N] = unoise(SDG,SDU,PNG,Amount)
beta = squt(3)*SDU; % Uniform Distribution Parameter

for i = 1:Amount
if tand < PNG) % Check if Uniform
N(i) = (rand*(beta+beta))-beta;
else % Not Uniform, so return Gaussian distribution
N(i) = SDG*randn;
end

end

N =N" % Convert into vector form
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) Py L aplacian Noi

function {X00,CovXY NS] = ipug1{DF1,DF2 PNG)

% store sach DFs X,Y coordinate
x1 = DF1(1); x2 = DF2(1);
y1 = DF1(2); y2 = DF2(2);

9% store each DFs exact bearing to the emitter
b1 = DF1(3); b2 = DF2(3);

% store sach DFs' measurement standard deviations of gaussian noise

sdgl = DF1(4); sdg2 = DF2(4);

% store each DF's measurement standard deviations of non-gaussian noise

sdll = DF1(5); sdl2 = DF2(5});

% store non-gaussian probability

NonQGaussProb = PNG;

NS1 = Inoise(sdg1,sd]1,NonGauaaProb,1);
NS2 = Inoise{sdg2,sdl2, NonGaussProb,1);
NS = [NS1;NS2;];

% Add noise to bearing
betal = b1 + NS1;
beta2 = b2 + NS2;
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theta = (atan2((y2-y1),(x2-x1))); % DF line slope

a = sqrt{(x2-x1)72 + (y2-y1}A2); % Distance between two DF's

alphal = betal + theta; % Axis rotation
alpha2 = beta2 + theta;

d = (sin{alphal - alpha2))A\(-2);

F11 = -a*d*sin(alpha2)*cos{alpha2);
F12 = a*d*sin{alphal)*cos(alphal);
F21 = -a*d*(sin{alpha2))’2;

F22 = a*d*(sin{alphal))"2;

F = [F11 F12; F21 F22];

CovAlpha = diag([sdg1/2;3dg2A2]);

covxy =F * CovAlpha * F',

B = [cos(theta)} -sin(theta) ; sin(theta) cos(theta)];
CovXY = B' * covxy *B;

% Find Emitter Location
m] = tan(betal);
m2 = tan{beta2),
¢l =yl - m1*x1,
c2 = y2 - m2*'x2;
Xe = (c2 - ¢1)/(m1 - m2);

Ye = m1*Xe + ¢l

X00 = [Xe Yel";
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function [X00,CovXY NS] = ipug2(DF1 DF2PNG)

% store each DFs XY coordinate
x1 = DF1{1); x2 = DF2(1);
yl = DF1(2); y2 = DF2(2);

9% store each DFs exact bearing to the emitter

b1 = DF1(3); b2 = DF2(3);

9, store each DFs' measurement standard deviations of gaussian noise

sdgl = DF1{4); sdg2 = DF2(4);

% store each DF's measurement standard deviations of non-gaussian noise

sdul = DF1(58); sdu2 = DF2(5);

% stole non-gaussian probability

NonGaussProb = PNG;

NS1 = unoise(sdg1,sdul NonGauaaProb,1);
NS2 = unoise{sdg2,sdu2 NonGaussProb,1);
NS = [NS1;NS2;];

% Add noise to bearing

betal = bl + NSI;

beta? = b2 + NS2;

theta = (atan2((y2-y1),(2-x1))); % DF line slope

a = sqrt{(x2-x1)A2 + (y2-y1)A2); % Distance between two DF's



alphal = betal + theta; % Axis rotation
alpha2 = betaZ + theta;

d = (sin(alphal - alpha2))A(-2);

F11 = -a*d*sin(alpha2)*cos{alpha2); .
F12 = a*d‘sin(alphal)*cos(alphal);
F21 = -a*d*(sin(alpha2)}"2;

F22 = a*d*(sin(alphal)}}’2;

F = [F11 F12; F21 F22];

CovAlpha = diag([sdg1/2;5dg242]);

covxy =F * CovAlpha * F,

B = [cos(theta) -sin(theta) ; sin(theta) cos(theta)];
CovXY = B' * covxy *B;

% Find Emitter Location
m1 = tan(betal);
m2 = tan(beta2);
cl =yl - ml*xl;
c2 = y2 - m2*x2;
Xe = {¢2 - c1)/(m1 - m2);

Ye = m1*Xe + cl;

X00 = [Xe Yel"
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