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Objective:
 To use a mathematical model to predict the movement of a target
 Goalis to allow unmanned sensors to move autonomously while maximizing Probability of Detection (Pd)

Brownian Bridge Movement Model | /

. Brownian bridge is a stochastic process where Brownian motion
is tied to particular values at two points

. Captures at an aggregate level characteristics representative of
weather and some level of tactical behaviors

. Used extensively in animal movement studies

. Modeled using simulations in MATLAB
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Example of a Brownian Bridge
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ending points, updates with real intelligence

. Used as a means for sensor deployment Example of Probability Heat Maps across time
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Meta-Experiment Results
r- _ﬁ o Increasing Number of Sensors L3 3 Sensors TR reasing Detection Region Size 03 Size 0.2 2 Increasing Sensor Detection Probability o3
' £J 10 Sensors ) 3 Size 0.4 : 0.6
Generate — &1 20 5 Size 0.6 e & 0.9
probability heat ePlotted in discrete time snapshots 050 — E| o =l 05- :
mEIF]S 07 = -—
045 04+
. 5 % £ os £
a Y é ™ P S 05| == é: ]
Deploy sensors at . Y s & £ 0
areas with highest sChoose timepointstodeploy sensors ; ' £ 044 E R
probability of a sOne discrete sensor pertimepoint o rd o
target's location ¢
k_ J 0.25-] .‘. 02 0.0 —_—
v 01 =
(" Randomize ) - '
intelligence inputs
and evaluate the | sReplicated 100 times
\ detection e el s 95% Cl | 95% Ci Mean
08 - = Cj Config 3 Benchmark, based on
o . . — e Config b N (e ed 07876 07757 07995  0.0598  0.00598
To see various aspects of sensors attributes and and 10 disorte sensors
Configuration 1:
. 6 ==
th elr effe cts on Pd g = R el 06821 06487 07155 01682  0.0168
5 o5 sensor width of 0.7
o s E Configuration 2:
N u m b e r Of Se n SO rS g 04 20 discrete sensors, 0.5962 0.5843 0.6080 0.0598 0.00598
° ) . b b . I . § P sensor width of 0.5
Sensor’s Detection Probability o3 Fo—
. . . 02 == 30 discrete sensors, 0.2031 0.1953 0.2109 0.0392 0.00393
. Detection Region Size s sensor width of 0.2
0.1 Configuration 4:
. Trade-off analysis between number of sensors 125 dicretesensors, ||| | e
vs detection region
Conclusion:
 Developed the Brownian Bridge Movement Model with extensions and modifications for a military scenario
o

It is more effective to have sensors cover a wider area at fewer discrete points in time than to have a greater number of

discrete looks using sensors covering smaller areas
* Further work to extend the BBMM for continuous looks and smarter deployment algorithm
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