Search and Detection
Continuous Search

Homework Solutions

1.


a.  FT(3) = 1 - exp(-.15*3) = .3624

b.  same as a.

c.  .15*3 = .45

d.  1 - P{no dets. in [2,4]} = 1 - exp(-.15*(4-2)) = .2592

e.  FT(4) - FT(2) = 1-exp(-.15*4) - ((1-exp(-.15*2)) = .1920

f.  .15*(4-2) = .3

g.  1/.15 = 6.6 EQ \o(6,¯) 
h.  Detection is assured; so answer same as g.

2.  

Let T be the random time of initial detection given random search.  And define random variable T’ = min{T,}. So




And,




3.

%Inverse Cube-Law Sensor

clear all;clc;clf

k=10000;

A=.01;

v=200;

dx=.1;

x=[-50:dx:50];

h_values=[.25:.25:10];

[X,H]=meshgrid(x,h_values);

figure(1)

L=1-exp(-2*k*A*H./(v*(H.^2+X.^2)));

figure(1)

plot(x,L')

figure(2)

sweep_widths=simrule(L',dx);

max_index=find(sweep_widths == max(sweep_widths));

plot(h_values,sweep_widths,'o-', ...

      h_values(max_index),sweep_widths(max_index),'ro')

grid on; title('Sweep Width vs. Height')

4.

%Multiple targets; single searcher

clear all;clf;clc;

A=200*200; R=10; v=400; ccprob=.7; tgtfrac=.5;

g=ccprob*tgtfrac*2*R*v/A;

dt=.05;

tmax=50;

t1=[0:dt:tmax];

%Multiply the exponential density function by dt to

%obtain the probability mass function

f1 = 5*g*exp(-5*g*t1);   %density function

p1 = f1*dt;              %pmf

%Each of the interdetection times is exponential

del12 = 4*g*exp(-4*g*t1)*dt;

del23 = 3*g*exp(-3*g*t1)*dt;

del34 = 2*g*exp(-2*g*t1)*dt;

del45 =   g*exp(-1*g*t1)*dt;

%Convolve to add the random variables

p2 = conv(p1,del12);

p3 = conv(p2,del23);

p4 = conv(p3,del34);

p5 = conv(p4,del45);

%Divide by dt to obtain a density function

f2=p2/dt;

f3=p3/dt;

f4=p4/dt;

f5=p5/dt;

t2=[0:dt:2*tmax];

t3=[0:dt:3*tmax];

t4=[0:dt:4*tmax];

t5=[0:dt:5*tmax];

figure(1)

plot(t1,f1,  t2,f2,  t3,f3,  t4,f4,  t5,f5)

axis([0,.65*tmax,0,.65*max(f1)])

grid on

title('Density functions for T1,...,T5')

xlabel('time')

%Check answers with numerical integration

integral_mean = ...

 [[simrule(f1,dt) simrule(f1.*t1,dt)]; ...

 [simrule(f2,dt) simrule(f2.*t2,dt)]; ...

 [simrule(f3,dt) simrule(f3.*t3,dt)]; ...

 [simrule(f4,dt) simrule(f4.*t4,dt)]; ...

 [simrule(f5,dt) simrule(f5.*t5,dt)]]
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