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Indoor Positioning for First Responders

MSc thesis at FOI 2014.
Navigation support for:

e Fire fighters
e Police
e Rescue personnel

GNSS not available indoors.

WiFi may be inaccessible or not installed.

[
[
m Floor plan may be unavailable.
m Requirements:

e Room level accuracy.

e Independent of pre-installed infrastructure, maps

and other a priori information.
e Price, size and weight.
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Opportunistic RSS

Standard fingerprinting use: Apply the SLAM concept:

m Pre-determined WiFi maps. m Loop-closure enables drift

m Access point ID’s. correction.

m Map consist of RSS fingerprints
for previously visited locations.

RSS at 95500 kHz
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Gaussian Process Model for RSS Prediction: the map

Each component in the fingerprint vector is assumed to be a
Gaussian process (GP)

F ~ GP(M,K),

which is a distribution function of the position x.

M(x) is a mean function.

K(x,x") is a covariance function.

The involved functions are estimated from (noisy) RSS training data.

Sparse approximation using radial basis functions.

The estimated GP’s can then be used to prediction measurements.
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Foot-Mounted INS

m Dead-reckoning system inertial
navigation system (INS).
m Method:

e Double integrate accelerometer signals.
e Integrate gyroscope signals.
o Apply zero-velocity-updates (ZUPT)'s.

m Heading error dominates.
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Motion Model from INS
A motion model based on the odometry from the foot-mounted INS:
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The state comprises:
m Global position (x, y)
m Heading error, 8 (and 3 to form a CV)

Other states from the INS, such as velocities and angular rates are not
used.
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Putting It All Together

Distributed particle filter SLAM.

The map is stored in an occupancy grid.

An ancestry tree keeps track of particle history and shared
information.

Efficient data structure.

Memory requirements can be met by grid resolution adjustment.
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Results: a walk in the A-building
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https://youtu.be/1KD2vwmENOO


https://youtu.be/lKD2vwmfN00
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Results: a walk in the A-building
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Master’s Thesis Outcome

Martin Nilsson, Jouni Rantakokko, Martin Skoglund, and Gustaf Hendeby.
“Indoor Positioning Using Multi-Frequency RSS with Foot-Mounted INS”. In:
5th Internal Conference on Indoor Positioning and Indoor Navgation (IPIN),
Busan, Kora, 2014. Runner up best paper award.

2041 nd

m Master’s thesis project at FOI
. . . Indoor Positioning Using Multi-Frequency RSS
by Martin Nilsson in 2014. with Foot-Mounted INS

Radionavigationsnamnden’s
best MSc thesis award.

Runner up Dataféreningens
best MSc thesis award.

m Details in the MSc thesis:
https://bit.ly/2VDleru
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