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Abstract This paper proposes an Indoor Positioning System to track a user’s position indoors by
using beacons’ wireless signal intensity. To overcome the non-linearity of an existing indoor
positioning scheme using wireless signal intensity, a particle filter is used for a positioning algorithm,
so the noise of the wireless signal intensity is not directly reflected on the positioning result. In the
observation phase of the particle filter, the distance from a user’s smartphone is estimated based on
the wireless signal intensity, and the similarity of each particle with an estimated ground truth is
calculated through the predicted distance value. Also, our proposed positioning scheme uses the
random walk technique (the Monte Carlo method) to calculate a position estimation value. Additionally,
to solve the well-known local minimum problem of the particle filter, the particles estimated closest
to the beacons according to the distance prediction values are given proximity weights, so the particles
can quickly locate the user. The positioning error on the walking path is also corrected by considering
the indoor map.

Keywords: indoor positioning system, positioning scheme, wireless signal intensity, beacon, particle
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Table 1 Comparison of advantages and disadvantages of positioning schemes

Principle Accuracy

Advantages Disadvantages

Wi-Fi Fingerprint 3m~5m

Continuous maintenance of
a fingerprint map

Reuse of existing APs
as infrastructure

IMU (Inertial 0.1~10% of moving

Dead Reckoning

Accumulation of localization
error according to moving

Support through only
smartphones without other

Measurement Unit) distance . . .
infrastructure devices distance
. . . . Small coverage with high
Beacon Trilateration 1Im~2m Relatively high accuracy . 8 . &
capital expenditure
. . Much change of magnetic
. . . Strong for the interference . .
Magnetic Field Flux density Imm~1m field according to
from other obstacles .
environments
Limitation of coverage due to
Video Camera 0.0lmm~30cm High accuracy line of sight along with

privacy invasion
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[> start with a random integer index i from particles

for m=1 to M do
U= U+ rand(0,1) - 3 -2 > initialize a threshold U

while U> u?)

i=1+1

> repeat the while loop as long as U is greater than w,

> move i to the next particle index

U= U*wf” > reduce U by the weight wfi)

end while

add x, () ¢ X [> insert a particle point T ) to the set X

end for
return 5(,

[> get the highest weight 8 from all the particles

(i)
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Fig. 1 Flowchart of the particle filter algorithm
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