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Abstract: This paper proposes a method to estimate the location coordinates of Bluetooth Low Energy
(BLE) beacons placed in the indoor space using Received Signal Strength (RSS) collected by a person walk-
ing around with a smartphone. The proposed method estimates the positions of the BLE beacons and
smartphone in same time by Range-Only Simultaneous Localization and Mapping (RO-SLAM), with no re-
quirement of predefined trajectory of the walking route. Multiple hypotheses tracking is employed to obtain
the estimation in a brief RSS survey despite the lack of angular information on the sensor in RO-SLAM. The
target BLE beacons to estimate the location coordinates are twin beacons with the relative distances known
in advance, that enables to suppress the number of hypotheses to track and consequently the computational
load. As the result of experimental evaluation using 8 (4 pairs) of twin beacons, the proposed method could
obtain the estimated coordinates by a survey in 90 seconds. The mean estimation error is 2.14 m.
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Fig. 1 The estimated probability distribution of BLE beacon

location at the time of detection.
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Fig. 2 RSS observation data collection in assumed

environment.
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Fig. 3 The hypotheses generation for a set of Twin beacons.
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Fig. 4 A comparison of generated number of hypotheses.
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Fig. 5 Flow chart of the estimation processing in the proposed
method.
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Fig. 6 Experimental environment.
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Fig. 9 Relationship between RSS and distance by LOS signals.
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Fig. 10 Posture of holding a smartphone during the observa-
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Table 1 Parameters used in the estimation algorithm.
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x£2 Bu—1t [V7F7] oG ORERE
Table 2 Result with “Zigzag” walking route.

BN ID | ©—a g | BT | I3
PEE S ROKME | CPME O RORE | RoKfE
No.1 | 3.10m 543m | 3.15m 7.51lm 194
No.2 | 245m 4.49m | 3.02m 10.33m | 736
No.3 | 1.2lm 1.69m | 2.38m  5.94m 224
No.4 | 1.93m 320m | 3.20m 10.27m | 496
No.5 | 1.57m 3.03m | 3.02m 7.22m 99
No.6 | 1.28m 228m | 3.24m 7.72m 504
No.7 | 343m 4.73m | 3.42m  9.46m | 4432
No.8 | 21lm 3.34m | 2.73m  9.05m 224
SEHME | 214m 3.52m | 3.02m 844m | 863.6

® 3 BTV b [HM] OBGOHEERE
Table 3 Result with “Straight” walking route.

B ID | ©—a g | BT | RS

TEE S ROKME | CPME RORE | RoKfE
No.1 | 1.98m 2.51m | 3.12m  8.89m 256
No.2 | 21lm 4.72m | 3.02m 11.17m | 512
No.3 | 240m 4.27m | 2.38m  6.68m 256
No.4 | 253m  3.40m | 2.83m 10.37m 98
No.5 | 215m 340m | 3.08m 7.96m 208
No.6 | 1.72m 3.57m | 2.93m  9.06m 934
No.7 | 230m 3.72m | 270m  7.13m 128
No.8 | 2.02m 323m | 2.78m  T7.43m 256

SEHME | 215m 3.60m | 2.85m  859m | 331.0

A4432 L2 LT WA 72T, SN E R 7 EAE L
ZEDIIEE R D,
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Fig. 11 Estimated locations of the BLE beacons.
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Fig. 12 Estimated trajectory of the walking observer.
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Fig. 13 Time series of theoretical values of HDOP and VDOP.
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Fig. 14 Cumulative distribution function of beacon localiza-

tion errors after the estimation converges.
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Fig. 15 Time series of number of hypotheses.
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Table 4 Localization error using all BLE beacons.
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