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Purpose
Provide a challenging application on localization in sensor networks.
Background:

m Goal: Protect a UN camp to
snipers.

m Estimation problem: find
shooter location and aiming
direction.

m Sensor network: Microphones
placed around the camp.
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Muzzle Blast and Shockwave
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http://youtu.be/q-tU6YyJ5gU
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http://youtu.be/q-tU6YyJ5gU

Sound Detection

Shock Wave

m Shockwave comes first for a supersonic bullet

m Triangular waveform caused by the bullet, can be
detected as a spike by a high-frequency
microphone.

m The muzzle blast has a strong transient, followed
by echoes and reverbation effeects. The onset

time of the transient can be detected from the
microphone.

Muzzle Blast
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Sensor Model

Parameter vector
m Position X, Y of the shooter.
m Aiming angle a.
m Bullet initial speed vy and retardation factor r.

m Shooting time tp and sensor clock bias by.
Geometry gives the following sensor models:

to + b + Lk — x|l + e,
Vo

b
YK

Y =to + b+ Llog + 2lldk — prll + €8

Vo — I‘”C/k —XH

where dy is an implicit function of the parameters x.
The shooting time and clock bias are eliminated by
taking the difference y,i“b — yp" as the measurement!
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NLS Loss Function

m Field trials with multiple shots from

. L .Mic.mgho S
multiple positions.

Shooter

m Sensor network with ten microphones.

m NLS loss function illustrates the /
information in yL“b -y,

1000 m
k=1,2,...,N = 10. '
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Estimation Results

the figure summarizes estimates from
multiple shots at multiple positions,
every shot is aimed for the same target.

Both shooter position and aiming
direction « are well estimated for each
% Shooter .

ShOt. e Microphone
O Est. Pos. .
L]

® o Target

In particular, the estimated bullet
trajectory passes very close to the target
the shooter is aiming for.

Also bullet’'s muzzle speed is estimated 500 m
in the parameters. The ammunition

length can be estimated from the sound

detection algorithm. From this,

important information about the weapon

can be deduced.
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Summary

m Microphone network to estimate position, aiming angle, bullet speed and bullet
retardation.

m Signal processing to detect time of arrival of shock wave and muzzle blast.

m Time difference of arrival (TDOA) can with basic geometry be expressed as a function
of the parameters.

m NLS based on multiple TDOA measurements gives an estimate of the parameters.
m Field tests resulted in very accurate estimates.
m Collaboration between FOI and LiU.

Section 16.1
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