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Background and motivation (1/2)

» Location-based services (LBS) :

* From outdoor to indoor

> The total mobile data traffic: ~ 77 Exabytes per month by 2020

» 70% to 90% of the overall data traffic occurs indoor environment

« Positioning accuracy requirement proposed in 5G forum white paper:

» With accuracy from 10 m to less thanl m on 80% of occasions, and better than 1 m for indoors.
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Background and motivation (2/2)

Requirements of indoor positioning

technologies in 5G network:

» High positioning accuracy
» Low-cost

> Low power consumption

Table I: Current widely used indoor positioning technologies

Positioning technologies Accuracy Cost Power consumption
VLC 0.01 Low Low
RFID 1-2m Low Low
Bluetooth 1-5m Low Low
Zigbee 1-10m Low Low
uwB 0.01-1m High Low
Wi-Fi 1-5m Medium High
Cellular networks 2.5-20m Medium High
GPS 6-20m High High

The most promising candidate: VLC for 5G indoor networks
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VLC based positioning framework in loRL
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Location database in IoRL
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VLC based positioning procedure in IoRL
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Positioning procedure:
Step 1: Measurement of location relevant parameters
Step 2: Location estimation
Step 3: Exploitation of location estimation
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RSS based positioning algorithm 2apee
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> Received power Pg: Pr = G * H;»5(0) * Pr.
_ m3| (G - Ap(m + 1)+ Py
d= \/( 2T P_R
> Projection distance r : r =+ d?% — h?
> Coordinates of UE (X,, Y,) : (e =x1)*+ (e —y1)*=17

(Xe = %)+ (e —¥2)?=15
(Xe = x3)°+ (e —y3)*=1%
It 1s difficult to obtain VLC model parameters in various
complex indoor environments,
and further significantly impact on positioning accuracy
Particle swarm optimization (PSO) method is proposed to simulate the parameter

estimation in the practical indoor environment
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RSSI ranging parameters estimation with PSO
method

Particle swarm optimization (PSO) is an artificial intelligence (Al )
technique that can be used to find approximate solutions to
extremely difficult or impossible numeric maximization and
minimization problems.

We apply it to estimate the VLC channel parameters from received
RSS measurement.
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RSSI ranging parameters estimation with PSO method
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» The laboratory environment setup » System configuration diagram

Transmitted 5G NR signal

Received 5G NR signal

RFO RF1
USRP 2944R
VLC Rx
UBX 160 UBX 160
=
Digital signal processing hardware :1
Remote control, g
10|GigE 10|GigE logging & GUI display E’_,
Dell server R 740 ig VLCTx (€
(—
12V
m (O | Power
Network
E\U)) supply
VLCTX LED A LED B LED C LED D
SRR 7 Subcarrier index 1 3 5 7
* 40cm x 50cm positioning area Frequency (kHz) 60 120 180 240

* 30 (5*6) uniform distributed test points
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* Among 25 valid test points:
 the min PE =0.55cm
» themax PE=11.94cm

» 30 (5*6) uniform distributed test points
» 25 valid points and 5 invalid points

» Each reference point measured 50 times
* mean PE =5.28 cm

« Cumulative distribution function (CDF) :
A positioning accuracy of 10 cm at the confidence
of 81.48 %.
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Thank you for your attention

loRL-contact@5g-ppp.eu
https://iorl.5g-ppp.eu/
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