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Abstract: This paper deals with Received Signal Strength (RSS) positioning based on Bluetooth
Low Energy technology. Specifically, it compares two concepts, remote and self-positioning, using
their design properties and the RSS maps. The fundamental difference between both modes lies in
units’ tasks with the known and unknown positions. In our experiment, the fixed units - anchors
exploit multiple antennas, whereas the movable device uses a classic single antenna. The system can
operate in either mode, thus eliminating the influence of different hardware.
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1 INTRODUCTION

Positioning is a basic building block for navigation and tracking. It is important to minimize the error
during positioning phase, because the inaccuracies are carried from the positioning up, where it is
hard to mitigate them. To this end, in the following, we focus on means of positioning.

In an indoor environment, the satellite signal is either highly attenuated or several times reflected,
making it hard to estimate position with high accuracy. Therefore, different technologies are used,
such as Ultra-Wideband, Wi-Fi, or Bluetooth Low Energy (BLE) based systems [1].

This work compares two main principles of indoor Received Signal Strength (RSS) BLE-based posi-
tioning, namely remote-positioning and self-positioning [1]. The following section briefly describes
the differences between these modes. Next, the measurement setup and the obtained results are pre-
sented. Finally, the conclusion offers a short discussion of the results.

2 BLE POSITIONING CONCEPTS

In indoor positioning systems, there are typically two types of devices, i.e., anchors and tags. The
anchors are a part of the fixed infrastructure of the system, and their position is known. On the other
hand, tags are moveable, and it is their position we are estimating during the positioning process.

From the hardware perspective, a device can be configured to work in either remote or self-positioning
mode. While in remote-positioning, the anchors only listen (are passive), and tags periodically trans-
mit advertisement reports; in the self-positioning mode, the roles are swapped. There are two addi-
tional modes called indirect remote-positioning and indirect self-positioning, where a backchannel is
introduced to get the resolved position to the counterpart [1].

2.1 REMOTE-POSITIONING

In the remote-positioning mode, the fixed anchors are listening for reports, and movable tags transmit
advertisements (packets). This approach benefits from the option to have more than one receiving
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antenna because space limitation and power consumption are not significant issues for grid-powered
devices. Hence, the anchor can collect multiple RSS samples for a single advertisement. Because a
single BLE advertisement consists of three packets sent on all three advertisement channels [2], each
antenna (connected to a dedicated transceiver) can tune on a specific channel. One advertisement then
provides a sample per transceiver. Moreover, the spatial diversity may be exploited [3]. The multiple
uncorrelated samples offer more ways to improve the accuracy of a positioning system, especially for
moving tags.

A remote positioning system enables to track not only smartphones but also very simple tags, for
example, embroidered to cloths [4]. The need for tags to be actively transmitting can be considered a
drawback because it might compromise privacy as we can track the users who are using our system for
navigation. The BLE standards support random addresses [2], which can periodically change, so the
tracking system’s reach would be limited. High demands (high data rate, low latency) on connections
between anchors and processing unit and backchannel established for smartphones navigation are
downsides of remote-positioning.

2.2 SELF-POSITIONING

On the other hand, in the self-positioning mode, where fixed anchors transmit advertisements and tags
receive them, the system communication layer may not be required, and the anchors can operate on
their own. Further, the backchannel is not needed for navigation.

Because a common BLE-enabled device has a single transceiver (antenna), it can receive on a single
channel at a time. Additionally, in the case where two anchors transmit reports simultaneously, there
would be a collision at the receiver side. That means a significantly lower RSS sample count per time,
which is problematic, especially for moving tags.

3 MEASUREMENT SETUP

The comparison measurement of RSS samples has been carried out in the Brno University of Tech-
nology (BUT), at the Department of Radio Electronics (DREL) in a narrow corridor 44 m long, 1.8 m
wide, and 2.7 m high located on the top (seventh) floor. Fig. 1 illustrates the floor plan; the basic
properties of the corridor are: the floor is made from concrete, walls are lined with plasterboard, and
the ceiling material is mineral wool with paint finish. Wooden cabinets and metal chairs are located
on the right side of the corridor, whereas the left side is without obstructions.

During the measurement, the tag was placed in a grid with 0.5 m spacing from 0 to 35 m on the x-axis
and from 0.4 to 1.4 m on the y-axis with [0, 0] coordinates put under the Anchor 0 (in Fig. 1, the
Anchor 0 is the one closest to X and Y intersection).
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Figure 1: Measurement scenario and floor plan. Green boxes denote the anchors at the height of
2.2 m above the floor level. Tags were placed in the 0.5×0.5 m grid at 1.0 m above floor. The scale
of the x-axis and y-axis is different. Note x-axis crosses y-axis in 0.9 m
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For the purpose of this paper, we have used the system previously introduced in [5], with additional
enhancements. In contrast to [5], the Anchor’s firmware was upgraded to support both remote and
self-positioning [3]. The configuration can be done online via Ethernet command. Fig. 2 displays
block diagram of the used system. The BL652 modules capture BLE advertisements, the RSS samples
are then passed to the Raspberry Pi B+ via ZigBee network and then to the laptop through Ethernet.
In the upgraded version the Tag 1 was introduced. It is now connected to the ZigBee network to relay
measured samples to the laptop when the system operates in the self-positioning mode.
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Figure 2: Block schematic of positioning system [3].

4 MEASUREMENT RESULTS

From the measurement scenario grid, we have 213 discreet points where the RSS samples were taken.
In each position, we have collected approximately 700 advertisements in about 70 seconds for remote-
positioning and 700 advertisements in about 140 seconds for self-positioning. One advertisement
sample includes RSS measurements from four anchors, each with four antennas, in total 16 RSS
samples. During the two days long measurement for each positioning mode, there was minimal
movement of any kind. Firstly, the remote-positioning campaign was performed. Two months later,
the system has been switched to self-positioning, and the measurement has been repeated.

Fig. 3 shows the averaged RSS over four antennas and channels of Anchor 0 at a position projected
to the corridor for remote-positioning mode. The map slope corresponds with placement of Anchor 0
(at [0, 0] m). There does not appear to be a clear connection between the peaks and the furniture.
Sometimes the higher RSS is in the middle of the corridor and sometimes on the sides. There are
several points where the RSS in adjacent positions (0.5 apart) differs by about 10 dB.

Because the RSS map for self-positioning mode is very similar to Fig. 3, Fig. 4 shows only the
difference between measurement campaigns. The differences range from -5 to 5 dB. Because the
RSS significantly varies even for small offsets around the position and the tag was placed on the
measuring positions manually, we can assume that the positioning concept does not affect the RSS
fluctuation. For reference, Fig. 5 depicts RSS samples collected by four antennas (with 3 cm spacing)
of Anchor 0. Although it captures the farthest tag position, the differences between RSS samples are
similar throughout the corridor.

On the contrary, for the moving targets, a tag in self-positioning mode receives RSS samples on a
single channel at a time (the channel can be periodically changed, e.g., each 200 ms), and the ad-
vertisements from anchors are received sequentially. Therefore, the samples from all anchors cannot
be captured at a single time and single position. However, the remote position systems benefit from
multiple receivers, where it receives four samples per anchor per advertisement from the tag. More-
over, each antenna can receive on a different channel. That significantly increases the amount of
information to the positioning processor; thus, it increases the accuracy.
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Figure 3: Remote-positioning RSS map projected to the corridor floor plan for Anchor 0.
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Figure 4: Difference between remote and self-positioning maps for Anchor 0.
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Figure 5: RSS fluctuations on four antennas of Anchor 0. Tag in [35, 1.4] m.

5 CONCLUSION

Intuitively, there should be no difference between remote and self-positioning since both uses the
same band and principles. That is experimentally verified by Fig. 4, where the differences between
RSS maps are less than RSS fluctuations on antennas of an anchor. Table 1 lists statistical comparison
for the RSS maps of each anchor.

However, when introducing multiple antennas on the anchor side, they can be efficiently used only in
remote-positioning mode. We can see that it took twice as much time for self-positioning to collect
the same number of samples as in remote-positioning. The channel switch tuning and collisions
of advertisements from multiple antennas and anchors are to blame. The slower sampling rate and
limited diversity make the self-positioning mode less favorable for moving tags.

A0 A1 A2 A3
MSE(remote− sel f ) [dB2] 6.613 7.695 6.314 7.174

Mean(Abs(remote− sel f )) [dB] 2.045 2.158 1.999 2.124

Table 1: Mean squared error and mean of the difference between remote and self-pos. RSS maps
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