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Abstract 

This project has been carried out in, and under the supervision of the Mobile Services 

Laboratory at the department of Communication Systems, KTH. The task was to 

explore the technical specifics of the iBeacon technology and its practical limitations in 

terms of reliability and device placement. In plain text; how close the beacons can be 

placed to allow for reliable isolation of the pertinent beacon. 

The main method of reaching the set goal was data capture at certain key positions 

around the mounted beacons. The resulting data was processed, analyzed and visualized 

to provide an accessible overview. 

The measurements and data analysis resulted in fairly concrete data that most of all 

highlights the very real limitations, and also a word of caution regarding stretching the 

actual limitations of such a basic technology as it actually is. 

Keywords: Bluetooth, iBeacon, indoor positioning 
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Sammanfattning 

Projektet har utförts på, och under överseende av Mobile Services Laboratory på 

avdelningen Kommunikationssystem vid KTH. Syftet med projektet var att utforska och 

undersöka de tekniska detaljerna kring iBeacon-teknologin samt dess praktiska 

begränsningar gällande dess tillförliglighet och fysiska placering av enheterna. I 

klartext; hur nära iBeacon-enheterna kan placeras samtidigt som en accepterbar nivå av 

tillförlitlighet gällande separation av den relevanta enheten kan nås. 

Huvudmetoden som användes för att nå målet var datainsamling på nyckelpositioner 

runt de monterade enheterna. Framtagen data behandlades, analyserades och 

visualiserades för att kunna framställa överblickbar data. 

Mätningarna och dataanlysen resulterade i konkret data som framförallt lyfter de de 

verkliga begränsningarna för teknologin, samt ett varningens ord om vilka problem som 

potentiellt kan uppstå när en såpass grundläggande teknik används på ett sätt den 

eventuellt inte är avsedd för. 

Nyckelord: Bluetooth, iBeacon, inomhuspositionering 

  



An analysis of iBeacons and critical minimum 

distances in device placement 

Ivan Malmberg 

Sammanfattning 

2014-06-11 

 

3 

 

Terminology 

UUID Universally Unique Identifier 

RSSI Received Signal Strength Indication 

PDU Protocol Data Unit 

SDK Software Development Kit 

SMA Simple Moving Average 

EMA Exponential Moving Average 

PoI Point of Interest 
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1 Introduction 

In this project, I am working at the Department of Communication Systems at KTH 

Kista. The department consists of several sub departments (labs); my work is conducted 

at the Mobile Services Laboratory, which focuses on innovation, education and research 

in mobile services. 

1.1 Background 

Today, mobile devices are everywhere in our society and they play a greater role than 

ever, the information we are expecting to receive from our mobile devices is growing 

and the tasks we are expecting them to complete are increasing. In many cases the 

applications are required to know the location of the device to complete a certain task. 

One promising indoor positioning technology is iBeacon, originally created by Apple as 

a specific implementation of Bluetooth Low Energy. It allows an application or a device 

to receive data sent via Bluetooth, and interprets that data to determine its location or to 

make contact with the broadcasting device. Additionally, the technology allows for 

range approximation between the beacon and the device. 

The use cases for this technology are many, but one in particular is interactive 

information in a retail environment. The user can receive information about products, 

offers and discounts based on his/her location in the store. 

There are however, problems with this technology. The ranging is very roughly 

approximated and can strongly vary, based on room layout, device placement and 

interference. Problems arise with conflicts and interference between multiple 

transmitting iBeacons: if two adjacent beacons provide the same range data to the user 

device, how do we go about separating the beacons and pick the one relevant to our 

actual position? 
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1.2 Problem definition 

Separating multiple, adjacent iBeacons to allow a device to determine its closest 

proximity to the desired iBeacon and finding the critical distance between iBeacons so 

that the receiving device can successfully distinguish between them. 

1.3 Objectives 

By solving the before mentioned problems with ranging I want to aid large scale 

adoption. In terms of measurable results, there are two distinct goals: to find the 

minimum critical distance between iBeacons so that interference can be avoided and an 

accurate identification can be made. The second goal is to find a solution to the problem 

of isolating iBeacons when they are placed in close proximity to each other. 

1.4 Limitations 

Testing hardware limited to devices described in the Method-section. 

Testing limited to on-site, different environments may cause results to vary due to 

different interference profiles, obstacles and room layout. 

Both the Radius Networks’ SDK and the Estimote SDK are used in this project; 

however the primary focus lies on the Estimote SDK and the Estimote beacons due to 

the fact that the hardware is closer to what could be considered a production-ready 

solution.  
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2 Theory 

This section contains the theory behind the technologies used in this project. The 

theoretical knowledge may be needed for the reader to fully apprehend the subject, 

although the results can be appreciated with only basic knowledge. 

2.1 iBeacon 

iBeacon is the name for an indoor positioning system (“micro-location”) using small, 

low-cost Bluetooth transmitters that can notify compatible devices of their presence [1]. 

Although developed by Apple and supported on iOS devices with Bluetooth 4.0 or later 

(iPhone 4S, 3
rd

 gen. iPad), they are supported on a variety of other devices such as: 

 Android devices with Bluetooth 4.0 and Android 4.3 

 Windows Phone 8 with software updates 

The iBeacon utilizes Bluetooth Low Energy (BLE, Bluetooth LE, Bluetooth Smart) 

available from Bluetooth 4.0 to broadcast a set of identifiers to all listening devices. 

The beacons themselves do not transmit any location-specific data; it is the task of the 

listening device to interpret the data received. 

2.1.1 Applications 

Product information, offers & discounts based on customer position in a retail 

environment. 

Location based information about objects in a museum, or booths in an exhibition. 

The devices can aid finding parking location in an underground garage. 
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2.1.2 Identification 

Every beacon is assigned three fully customizable ID fields which it broadcasts in a set 

interval. 

Proximity UUID: 128 bit identifier. 

Major: 16 bit identifier. 

Minor: 16 bit identifier. 

Together, the three values could be used in a scenario where the proximity UUID 

identifies a company, major identifies a store and minor identifies a shelf or a section 

inside the store. 

The beacons also broadcast a 2 byte (2s complement) calibration value called TX power 

which is the RSSI
1
 value at a distance of one meter, this is the value used to calculate 

the distance between the beacon and the listening device. iBeacon prefix is a static field 

set by Apple, it never changes. [2] 

iBeacon prefix 

(9 bytes) 

Proximity UUID 

(16 bytes) 

Major 

(2 bytes) 

Minor 

(2 bytes) 

TX power 

(2 bytes) 

Figure 2.1-1: iBeacon PDU payload structure. 

The total PDU payload length is 31 bytes. [2] 

  

                                                 
1
 http://en.wikipedia.org/wiki/Received_signal_strength_indication 
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2.1.3 How the ranging works 

The basic concept for ranging utilizes the decay in the RSSI to approximate the distance 

between the beacon and the device. However, different software developers (i.e. Apple, 

Estimote, and Radius Networks) have different implementations of the algorithm. The 

manufacturers/developers often use embedded device-specific calibration values in their 

algorithms. 

The algorithms in Appendix A are mimicking the iOS implementation behavior, but as 

the iOS source code is closed-source the versions cannot be verified against Apples 

version. 

2.2 Bluetooth Low Energy (BLE) 

BLE was introduced as a part of Bluetooth 4.0, released in 2010. Although previous 

versions of Bluetooth are widely supported on a wide range of devices, Bluetooth 4.0 is 

not backwards compatible. 

As the name suggests, the main focus of BLE is the energy consumption. Specifications 

vary but many manufacturers claim their devices can last for several years on a single, 

cell-sized battery. 

BLE has lower transmission rates than its predecessors, but with BLE, the focus is not 

on actual data transmission but rather on device discovery as in the case of iBeacons. [3] 

As BLE and Bluetooth in general operate in the 2.4 GHz interval, the signals are prone 

to absorption in especially water. 

2.2.1 BLE communication 

BLE features two communication modes: advertising and data channel. The iBeacon 

technology only utilizes the advertising mechanism while other services that require 

bidirectional communication utilizes both modes; advertising for discovery and data 

channel for communication between the connected BLE devices. [3] As the iBeacons 

are the main focus of this project, detailed information about the BLE two-way 

communication mode is not included. 
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BLE advertising is as mentioned, a one-way device discovery mechanism. Devices or 

iBeacons as in this case, broadcast packets in a preconfigured interval (often 100-2000 

ms), but with a configurable range of 10 ms to 10 s [4]. The broadcasting interval 

directly correlates with battery life. 

Preamble 

1 byte 

Access address 

4 bytes 

PDU 

2-39 bytes 

CRC 

3 bytes 

Figure 2.2-1: BLE packet structure. 

Header 

2 bytes 

Payload 

31 bytes 

Figure 2.2-2: BLE PDU structure. 

An example of a PDU payload structure can be seen in Figure 2.1-1. 

2.2.2 Sources of interference 

BLE operates in the 2.4 GHz channel band, using 40 channels; with 2 MHz intervals 

(2402-2480 MHz). To mitigate interference, BLE uses frequency hopping similar to 

previous Bluetooth versions but with the exception that it stays longer on each 

frequency, resulting in lower requirements on timing. [4] 

Out of the 40 available BLE channels, three are used as a part of the BLE protocols 

advertising mode. Channels dedicated to advertisements are 2402 MHz (Channel 37), 

2426 MHz (Channel 38) and 2480 MHz. The reason behind this particular choice of 

frequencies is to avoid interference from 802.11/Wi-Fi and its most commonly used 

channels 1, 6 and 11. [4] 

As previously stated, iBeacons only operate using the BLE advertising mode. 

  



An analysis of iBeacons and critical minimum 

distances in device placement 

Ivan Malmberg 

Methods 

2014-06-11 

 

11 

 

3 Methods 

The methods used throughout the project are presented in this section. 

3.1 Data gathering tools 

Data gathering is playing a major part in this project, as there is no publically available 

software for data capture and logging iBeacon RSSI values, two Android applications 

were developed in order to efficiently collect data, and to avoid relying on manual data-

entry. As iBeacons are not natively supported in the Android SDK, two external 

libraries are used: the Estimote closed source SDK
2
 and the Radius Networks’ open-

source SDK
3
. Both libraries share a number of similar features (classes, method names, 

overall design) as they are both based on the iOS implementation and naming scheme. 

The main advantage of using the Estimote SDK is that it is more reliable in terms of 

beacon discovery, while the Radius Networks SDK consistently fails to discover 

broadcasting beacons (failures increase with range), the Estimote SDK provides a solid 

platform with excellent reliability. The Estimote SDK also contains additional 

functionality such as automatic sorting of beacons by signal strength, thus reducing 

development time. 

Using the Estimote SDK for other beacons than the official Estimote beacons requires 

the user to preconfigure the beacons with the static Estimote UUID 

(B9407F30F5F8466EAFF925556B57FE6D) as it filters out beacons with different 

UUIDs. 

The two developed Android applications are very similar in both design and operation. 

There are two main Activities
4
: the first activity allows the user to list all beacons in 

range and the second activity allows the user to view detailed information regarding a 

single beacon and start/stop the RSSI logging. 

  

                                                 
2
 https://github.com/Estimote/Android-SDK 

3
 http://developer.radiusnetworks.com/ibeacon/android 

4
 http://developer.android.com/reference/android/app/Activity.html 
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The log files are named using the format YYYY-MM-DD_HHmmss__m1-m2.log where 

m1 is the iBeacon major identifier and m2 is the minor identifier. The files are placed in 

subdirectories in the default Android external storage directory; the absolute path of the 

log file is displayed as an Android Toast-message
5
 when logging is initiated.  

3.1.1 Application based on the Radius Networks SDK 

 

Figure 3.1-1: Main application screen listing all 

iBeacons in range. 

 

Figure 3.1-2: Logging screen showing averaged 

distances to the selected iBeacon. 

 

The RSSI values measured by the application are also averaged using two different 

algorithms: Simple Moving Average (SMA)
6
 with a window of the five latest RSSI 

values, and Exponential Moving Average (EMA)
7
 with an α-value of 0.08. 

The log files are stored in the subdirectory iBeaconLogger. 

                                                 
5
 http://developer.android.com/guide/topics/ui/notifiers/toasts.html 

6
 http://en.wikipedia.org/wiki/Moving_average#Simple_moving_average 

7
 http://en.wikipedia.org/wiki/Moving_average#Exponential_moving_average 
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3.1.2 Application based on the Estimote SDK 

   

Figure 3.1-3: Main screen. Figure 3.1-4: Logging screen. Figure 3.1-5: Logging screen. 

An additional feature of this version of the logging application is that the user has the 

option to set a sample limit, at which the sampling/logging will stop and a notification 

sound will play. The input field from which the max samples-value is read is the field at 

the lower part of the screen, visible in Fig. 3.1.2.2. 

The log files are stored in the subdirectory iBeaconLogger2. 

The application is also available on Google Play
8
. 

  

                                                 
8
 https://play.google.com/store/apps/details?id=com.imdev.beaconlogger 
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3.2 Hardware used 

There is a variety of different hardware devices used in the project; this section 

describes them and their features, strengths and weaknesses. 

3.2.1 Texas Instruments CC2541 SensorTag 

The CC2541 SensorTag is a development kit sold and manufactured by Texas 

Instruments; it contains several build-in sensors such as: 

 IR temperature Sensor 

 Humidity Sensor 

 Pressure Sensor 

 Accelerometer 

 Gyroscope 

 Magnetometer 

The SensorTag is targeting the smart phone app development market and can be used as 

a development platform for a variety of smart phone accessories and applications. [5] 

One of its weaknesses regarding this project is that it is not exclusively designed for 

iBeacon development. This results in limited battery time due to the amount of sensors 

available on the device, and the reliability of the Bluetooth signal seems to be low, with 

a high variation in signal strength. 

The SensorTag allows for custom firmware to be loaded onto the device. The firmware 

used in this project is the Embedded Technologies Limited demo iBeacon package
9
 for 

the CC2541 chip. 

  

                                                 
9
 http://embeddedc.co.uk 
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3.2.2 Estimote 

The Estimote is an iBeacon device manufactured and sold by Estimote Inc.
 10

; it shares 

most similarities with the CC2541 chip but is much closer to what could be considered a 

production-ready device. The Estimotes used in this project are development kits, and 

are subject to change. The devices are always on, and no configuration is required 

unless a certain ID for a beacon is needed. Beacon configuration is easily done using the 

official Estimote Android/iOS application.  

The Estimote is built around the Nordic Semiconductor nRF51822 SoC (System-On-a-

Chip) and features a 32-bit ARM Cortex M0 CPU, 256KB of flash memory and 16 KB 

RAM. The chip also contains a temperature sensor and an accelerometer, although 

neither is externally accessible. [6] 

The default transmission power level used by the Estimote iBeacons is -12 dBm which 

equals to circa 63 μW, but it can be increased to a maximum value of 4 dBm ≈ 2512 

μW. That increase corresponds to a 40-fold increase in transmission power. The 

beacons calibrate themselves by setting a TxPower value that corresponds to the new 

RSSI value at a distance of 1 meter. 

The cost of a development kit containing three Estimotes is at the time of writing 99 

USD. 

3.2.3 Data gathering devices 

In this project, the Sony Xperia Z1 and the Samsung Galaxy S5 are used as the data 

gathering devices. The phones run Android 4.4, the latest Android version at the time of 

writing.  

                                                 
10

 http://estimote.com 
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4 Presentation of results 

Results from the various measurements are presented in this section. 

4.1 Raw data 

This section contains charts depicting the behavior of the BLE signal strength data. 

 

Figure 4.1-1: Raw, unsmoothed RSSI data from a distance of 1 meter. 

Samples: 250 

The data in Figure 4.1-1 shows a highly fluctuating RSSI value, for this data to be 

usable it needs smoothing, which is applied to other charts in this document.  
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4.2 Distance impact on signal strength (Estimote, CC2541, Z1) 

Distance has a great impact on signal strength as the broadcasting power is low, this 

decay in signal strength (RSSI) is used to approximate the distance between beacon and 

listening device. 

Measurements were made with the beacons wall mounted and the phone placed on a 

tripod. Data is smoothed using Exponential Moving Average (EMA) with an α-value of 

0.08. 

4.2.1 Estimote 

 

Figure 4.2-1: RSSI values at distances 1-3 meters. 

Samples: 250. 1 m avg: -69.02 dBm. 2 m avg: -73.69 dBm. 3 m avg: -78.13 dBm 

4.2.2 TI CC2541 

 

Figure 4.2-2: RSSI values at distances 1-3 meters. 

Samples: 250. 1 m avg: -63.36 dBm. 2 m avg: -69.6 dBm 2. 3 m avg: -74.20 dBm 

  

-100.00

-90.00

-80.00

-70.00

-60.00

R
SS

I 

Time 

1m EMA

2m EMA

3m EMA

-100.00

-90.00

-80.00

-70.00

-60.00

R
SS

I 

Time 

1m EMA

2m EMA

3m EMA



An analysis of iBeacons and critical minimum 

distances in device placement 

Ivan Malmberg 

Presentation of results 

2014-06-11 

 

18 

 

4.3 Device rotation (Estimote, Z1) 

Rotation of the listening device relative to the beacon has an impact on signal strength 

as the Bluetooth antenna is shielded by the casing and other components. The 

measurements in this section are conducted with the phone oriented in an upright 

position. 

 

Figure 4.3-1: RSSI values of device rotation in 90 degree increments, 1 m distance. 

Samples: 300. 0° avg: -69.48 dBm. 90° avg: -85.98 dBm. 180° avg: -81.88 dBm. 270° avg: -78.30 dBm  

 

Figure 4.3-2: RSSI values of device rotation in 90 degree increments, 2 m distance. 

Samples: 300. 0° avg: -75.44 dBm. 90° avg: -93.96 dBm. 180° avg: -87.92 dBm. 270° avg: -83.42 dBm  

-100.00

-90.00

-80.00

-70.00

-60.00

R
SS

I 

Time 

0 deg

90 deg

180 deg

270 deg

-100.00

-90.00

-80.00

-70.00

-60.00

R
SS

I 

Time 

0 deg

90 deg

180 deg

270 deg



An analysis of iBeacons and critical minimum 

distances in device placement 

Ivan Malmberg 

Presentation of results 

2014-06-11 

 

19 

 

 

Figure 4.3-3: RSSI values of device rotation in 90 degree increments, 3 m distance. 

Samples: 300. 0° avg: -78.46 dBm. 90° avg: -89.60 dBm. 180° avg: -93.28 dBm. 270° avg: -86.29 dBm 

4.4 Effects of cross-body shielding (Estimote, Z1) 

Tests were conducted with a person standing between the wall-mounted Estimote 

beacon and the measuring device at an equal distance to both devices. 

The shielding effect is stronger at short distances (21.14 dBm at 1 meter) and declines 

as distance increases. 

 

Figure 4.4-1: RSSI values of control vs. cross-body shielding, 1 m distance. 

Samples: 300. Control avg: -69.48 dBm. Cross-body avg: -90.62 dBm 
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Figure 4.4-2: RSSI values of control vs. cross-body shielding, 2 m distance. 

Samples: 300. Control avg: -75.47 dBm. Cross-body avg: -87.00 dBm 

 

Figure 4.4-3: RSSI values of control vs. cross-body shielding, 3 m distance. 

Samples: 300. Control avg: -78.38 dBm. Cross-body avg: -87.10 dBm 
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4.5 Effects of device tilt (Estimote, S5, Z1) 

In all previous tests, the phone has been oriented in a standing, vertical position. This is 

to avoid interference and shielding from the hand holding the device. Using the device 

in this fashion severely weakens the signal at longer distances and introduces a highly 

variable signal strength, which affects isolation accuracy. 

 

Figure 4.5-1: Comparison of device-specific RSSI values at a distance of 3 m. 

S5 unshielded avg: -81.97 dBm. S5 shielded/tilted avg: -87.87 dBm. Z1 unshielded avg: -81.20 dBm 

As visible in Figure 4.5-1 the signal strength is significantly lower when the device is 

held at an angle which corresponds with normal use and with simulated shielding from 

the users hand. 
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4.6 Beacon separation probabilities (Estimote) 

One of the key applications of iBeacons is mounting them in close proximity and using 

the mobile device to retrieve pertinent information about the location related to the 

closest beacon. For this concept to work reliably, we need to determine how accurately 

such a distinction can be made. 

The measurements in this section consist of a number of data samples, taken at several 

key points in front of the wall mounted beacon. The percentages listed in the graphics 

show the probability of successfully identifying the beacon of interest as being the 

closest. The distance d equals the distance between the beacons, v and h are the vertical 

and horizontal separation distances (in meters). 

Probability is calculated by counting the number of data samples from the beacon of 

interest that has a higher average RSSI than the other beacon. The raw data is smoothed 

using a SMA with an interval of 8, which would equal a two second stabilization time 

using a sample interval of 250 ms. 

In the following figures, the center point of each colored block represents a measuring 

point. The blocks are to scale. The first row of measuring points is located at a vertical 

distance of v from the beacons. 

Everything below 50% is considered non-usable (marked in red), as a better result could 

be achieved by simply choosing a beacon randomly.  
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4.6.1 1 m separation distance (Xperia Z1) 

  
B1 

  
B2 

 
0 m 

100.00% 100.00% 86.00% 0.00% 52.00% 1 m 

14.00% 46.00% 66.00% 5.00% 0.00% 2 m 

48.00% 78.00% 0.00% 0.00% 0.00% 3 m 

0.5 m 0 m 0.5 m 1 m 1.5 m 
 

Figure 4.6-1: Probabilities of identifying beacon 1 (B1) as the closest beacon. 

d = 1, v = 1, h = 0.5 
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B1 

  
B2 

 
0 m 

100.00% 98.00% 100.00% 100.00% 100.00% 1 m 

79.00% 96.00% 66.00% 100.00% 100.00% 2 m 

99.00% 79.00% 77.00% 98.00% 100.00% 3 m 

1.5 m 1 m 0.5 m 0 m 0.5 m 
 

Figure 4.6-2: Probabilities of identifying beacon 2 (B2) as the closest beacon. 

d = 1, v = 1, h = 0.5 
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The figures (and Figure 4.6-2) clearly display a strong rightward bias; the RSSI from B2 

is higher at almost all points, except for a few that are in close proximity to B1. This is 

most likely due to the device (phone) receiving signals with different strength when 

oriented at certain angles. The beacons themselves do not account for any difference in 

signal strength. 

4.6.2 2 m separation distance (Xperia Z1) 

 
 

B1 

  
 

B2 

 0 m 

100.00% 98.00% 100.00% 90.00% 70.00% 58.00% 1 m 

61.00% 84.00% 25.00% 100.00% 56.00% 64.00% 2 m 

23.00% 56.00% 33.00% 9.00% 35.00% 41.00% 3 m 

0.66 m 0 m 0.66 m 1.32 m 2 m 2.66 m  

Figure 4.6-3: Probabilities of identifying beacon 1 (B1) as the closest beacon. 

d = 2, v = 1, h = 0.66 
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B1 

  
 

B2 

 0 m 

3.00% 83.00% 100.00% 100.00% 100.00% 100.00% 1 m 

0.00% 80.00% 87.00% 100.00% 100.00% 95.00% 2 m 

74.00% 72.00% 95.00% 100.00% 78.00% 34.00% 3 m 

2.66 m 2 m 1.32 m 0.66 m 0 m 0.66 m  

Figure 4.6-4: Probabilities of identifying beacon 2 (B2) as the closest beacon. 

d = 2, v = 1, h = 0.66 

When the distance between the beacons is increased to 2 m, the same behavior with a 

slight rightward bias continues to appear. Worth noting, however, is that the device can 

successfully select the beacon of interest with almost guaranteed certainty when held in 

close proximity to the beacon of interest. 

As visible in (Figure 4.6-1 to Figure 4.6-4) there is a significant amount of asymmetry, 

with the right beacon having a greater degree of separation probability at most of the 

measuring points. To further clarify why this occurs, it is necessary to introduce other 

devices for testing. 
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4.6.3 Complementary testing using the Galaxy S5 

Testing in the section below was restricted to the sample points directly in front of the 

beacons (key points), as these are of most use in a real-world application scenario and 

are enough to demonstrate the device-specific asymmetries. A Galaxy S5 was chosen to 

represent a high-end device with a wide consumer base. 

4.6.4 1 m separation distance (Galaxy S5) 

 

 
B1 

  
B2 

 
0 m 

 

100.00% 
 

71.00% 
 

1 m 

 

87.00% 
 

57.00% 
 

2 m 

 

63.00% 
 

22.00% 
 

3 m 

 
0 m 0.5 m 1 m 

  
Figure 4.6-5: Probabilities of identifying beacon 1 (B1) as the closest beacon. 

d = 1, v = 1, h = 0.5 
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B1 

  
B2 

 
0 m 

 
88.00% 

 
100.00% 

 
1 m 

 
65.00% 

 
91.00% 

 
2 m 

 
31.00% 

 
55.00% 

 
3 m 

 
1 m 0.5 m 0 m 

  
Figure 4.6-6: Probabilities of identifying beacon 2 (B2) as the closest beacon. 

d = 1, v = 1, h = 0.5 

  



An analysis of iBeacons and critical minimum 

distances in device placement 

Ivan Malmberg 

Presentation of results 

2014-06-11 

 

29 

 

4.6.5 2m separation distance (Galaxy S5) 

 

 
B1 

   
B2 

 
0 m 

 
100.00% 

  
86.00% 

 
1 m 

 
92.00% 

  
79.00% 

 
2 m 

 
80.00% 

  
59.00% 

 
3 m 

 
0 m 0.66 m 1.32 m 2 m 

  
Figure 4.6-7: Probabilities of identifying beacon 1 (B1) as the closest beacon. 

d = 2, v = 1, h = 0.66 
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B1 

   
B2 

 
0 m 

 
81.00% 

  
100.00% 

 
1 m 

 
75.00% 

  
99.00% 

 
2 m 

 
68.00% 

  
85.00% 

 
3 m 

 
0 m 0.66 m 1.32 m 2 m 

  
Figure 4.6-8: Probabilities of identifying beacon 2 (B2) as the closest beacon. 

d = 2, v = 1, h = 0.66  
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4.6.6 Introducing a higher transmission power 

As previously stated in section 3.2.2 (p. 15), the power of the Estimotes can be adjusted 

up to a maximum of 4 dBm from the default value of -12 dBm. By doing so, the 

effective range is significantly increased. What I found during the limited measurements 

conducted on this setting, is that accuracy at the shorter ranges is lower, as the signal 

decay is too low to serve as a valid conversion value for the increase in distance. 

However, the stability of the signal at higher ranges was higher, which could possibly 

help increase the probability of device separation, as a large subset of the lower 

probabilities were partly caused by signal fluctuation. 

4.6.7 Device comparison 

 Sony Xperia Z1 Samsung Galaxy S5 

Key points, d = 1 66.67 % 69.17% 

Key points, d = 2 81.67 % 83.67% 

Table 4.6-1: Comparison of average accuracies in key points by device type. 

The table is to be considered with caution as the Xperia Z1 device demonstrated a great 

deal of asymmetry between beacon 1 and beacon 2. 

Percentages were calculated by averaging the key points for both beacons, 12 points in 

total.  
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5 Conclusions 

One of the objectives of this project was to explore the iBeacon technology, and more 

specifically; how it can be used and what level of reliability and accuracy it can provide. 

In terms of those goals, I think it is clear that it can certainly offer a whole new level of 

interaction and proximity-based solutions. It is, however, important to keep aware of the 

very concrete limitations, especially in terms of ranging accuracy. The technology was 

not primarily intended for precise range calculation, but merely for detecting proximity. 

5.1 Ranging 

Conversion from signal strength to absolute distance is always going to be a particularly 

hard task, due to the nature of the 2.4 GHz band with strong interference from a variety 

of other sources. Different measurement devices (phones, laptops, etc.) receive signal 

strengths differently and a general, go-to solution is hard to implement. 

As described in section 2.1.2, range calibration is only done on a per-beacon basis and 

does not factor device differences. A proper way to implement a more consistent 

ranging solution would be to implement an additional level of client-side calibration, 

this is already done in the iOS SDK as the range of devices is limited and controlled by 

the manufacturer/developer (Apple). Obviously, the same does not apply for Android, 

resulting in a situation where developers have to modify and adapt their application to 

account for device differences in terms of signal strength variance. 

As opposed to basing software solutions on absolute range, a more viable solution is to 

compare the relative RSSI from the pertinent beacons and process to suit the needs of 

the application scenario. For instance mounting beacons in each corner of a room and 

using the RSSI variance to make an approximation on where the user is. 
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5.2 The nature of RSSI 

Throughout the project I have based a majority of my results and data on processed and 

not raw RSSI data (section 4.3-4.5) as the signal strength varies highly (although the 

average is fairly consistent). Applying the RSSI-to-range algorithm to such raw data 

renders the result useless by having a value that fluctuates by approximately ±50 %. An 

example of raw RSSI signal data is visible in section 4.1. 

By applying a smoothing algorithm to this data, it becomes significantly more stable. 

There are several different smoothing algorithms available; I chose to primarily work 

with EMA as it is very easy to implement and configure, and stabilizes relatively 

quickly. Another algorithm, perhaps better suited is the Savitzky–Golay filter; primarily 

used to for signal smoothing
11

. 

 

  

                                                 
11

 http://en.wikipedia.org/wiki/Savitzky%E2%80%93Golay_smoothing_filter 
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Appendix A: Distance algorithm source code 

Radius Networks implementation 

protected static double calculateAccuracy(int txPower, double rssi) { 
 if (rssi == 0) { 
  return -1.0; // if we cannot determine accuracy, return -1. 
 } 
 
 double ratio = rssi * 1.0 / txPower; 
 if (ratio < 1.0) { 
  return Math.pow(ratio, 10); 
 } else { 
  double accuracy = (0.89976) * Math.pow(ratio, 7.7095) + 0.111; 
  return accuracy; 
 } 
} 

The above source was provided by David Young of Radius Networks in a Stack 

Overflow answer
12

. 

Estimote implementation 

public static double computeAccuracy(Beacon beacon) { 
 if (beacon.getRssi() == 0) { 
  return -1.0D; 
 } 
 double ratio = beacon.getRssi() / beacon.getMeasuredPower(); 
 double rssiCorrection = 0.96D + Math.pow(Math.abs(beacon.getRssi()), 
   3.0D) % 10.0D / 150.0D; 
 if (ratio <= 1.0D) { 
  return Math.pow(ratio, 9.98D) * rssiCorrection; 
 } 
 return (0.103D + 0.89978D * Math.pow(ratio, 7.71D)) * rssiCorrection; 
} 

As visible above, the Estimote developers have included the variable rssiCorrection 

which serves to further refine the distance approximation. The source above was 

required through decompiling the openly available Estimote Android library. 

                                                 
12

 http://stackoverflow.com/a/20434019 


