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Abstract 
The development of a new system for every 
application is not cost effective. Our NAVIN 
platform is modular and can be customized for 
most particular needs. It is based on smartphones 
and BLE (Bluetooth Low Energy) beacons, but 
special hardware, such as UWB (Ultra Wide Band) 
tags or modules can be integrated, too.  


Positioning accuracy with BLE beacons is between 
1-3 meters, with UWB tags, 10 cm can be achieved.  


Both object tracking and person navigating are 
provided, and our extended navigation helps blind 
or visually impaired people to find places.  


Two experimental systems have already been 
developed for proximity marketing in large stores 
and for asset tracking in factories. 


Some potential applications: 
•Guiding in large buildings, museums, hotels, etc.  
•Tracking assets, people in factories, hospitals, etc.  
•Location based ordering in restaurants, cafes, etc. 
•Proximity marketing in malls using coupons, etc. 
•Analytics, statistics, feedback for service providers 


Features 
•Based on smartphones and cheap BLE beacons 
•Economic and modular positioning platform 
•Easy customization to meet particular needs 
•Both object tracking and person navigating 
•Both Android and iPhone are supported 
•Multi-floor positioning on a dynamic map  
•Optimized BLE RSSI information collection 
•The positioning accuracy of BLE is 1-3 meters 
•The positioning accuracy with UWB tags is 10 cm 
•Special purpose hardware tags can be integrated 
•Optimal paths to predefined or selected positions 
•<1 second response time for more than 500 users  
•Navigation for blind or visually impaired people 
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Product Background


Our Signaling Generator and Analyzer (SGA) product family has emerged from our 
self-developed telecommunications interface cards inserted into economical, indus-
trial grade PCs which can handle complex protocols and a very large volume of data 
due to our highly efficient application programs. 


Network Monitoring


• SGA-7N
Our Signaling Network Monitoring System is an ideal tool for locating faults and 
frauds in mobile or fixed networks. It is ideal for complete analysis, since signaling 
data are stored on the probes bit-by-bit, 24/7. Main features include on-line and 
off-line analysis, functions covering message statistics and call data record gen-
eration, remotely controlled data filtering and capture, real time call tracing and 
protocol analysis.


• SGA-GPRS
The SGA-GPRS system monitors the operator’s core links to capture, analyze and 
store GPRS messages, even from ciphered network links. Message data can be 
remotely fetched by the operator’s own workstation for protocol analysis or 
troubleshooting.


• SGA-XS Portable Analyzer 
SGA-XS is the ultimate portable protocol analyzer and line-tester. This compact 
equipment can monitor two bidirectional 2048 kbps E1 lines and be connected to 
a USB 2.0 port of a notebook, to enable easy protocol analysis.


Business and Intelligence 
AITIA International Inc. is a dynamic, extremely adaptive 
company, where innovation and customer satisfaction are 
never out of focus. The company is situated in Budapest, 
Hungary. The wide product portfolio of AITIA stretches 
from Telecommunications Testing and Services through 
Agents-Based Modeling/Simulation to Voice Portal Sys-
tems.


The Telecom division of AITIA is acknowledged as the 
leading Hungarian provider of telecommunications net-
work monitoring systems, core network solutions and 
highly reliable application gateways. We provide 
advanced telecommunications equipment and solutions 
for GSM, GPRS and UMTS mobile networks as well as for 
IP-based data networks.
 


Roaming Services


• SGA-Roaming Testers
The main operating principle is simulation of 
subscribers using SIM cards - purely from 
software. The system logs and lists test results 
and generates reports. The product family 
includes our Location Update Tester, CLI 
Tester, SRI4SM Tester for inbound and 
WorldTrip Tester for outbound roaming tests.


• SGA-Roaming Steering Service
SGA-RSS is installed in the international 
signaling path. It rejects or permits the 
roamer to attach to the requesting foreign 
network, hence steering him/her towards 
some preferred networks. 


• SGA-Intelligent Call Assistant 
SGA-ICA is a system designed to improve call 
connection success rates of inbound roaming 
subscribers. Roamers’ calls are often unsuc-
cessful, because they dial without prefixes. 
SGA-ICA can correct the number and notify 
the roamer about the proper way of dialing.
• SGA-Welcome and Bon-Voyage SMS 


Sending System 
SGA-WSMS is a system designed for sending 
customizable welcome text messages to 
incoming roamers and farewell text messag-
esalong with useful roaming information to 
subscribers leaving the network.


Core and Value Added Services


• SGA-Equipment Identity Register 
SGA-EIR is our implementation of the EIR, an 
essential part of GSM/UMTS networks. The 
unique IMEI of the handset can be classified in 
white, black and grey lists. Before service 
initiations the EIR can be interrogated about 
the status of the particular handset.


• SGA-USSD Gateway
SGA-USSD Gateway is a modular system for 
supporting enquiry or modification of service 
statuses from the user’s mobile terminal. 
USSD-based services include micro-payment, 
balance enquiry, roaming service activation / 
deactivation, info-SMS request, call-back, and 
many more. 


• SGA-Missed Call Notification 
Operators can increase their revenue by 
reducing the number of unsuccessful calls. 
Nevertheless, calls can be unsuccessful 
because of unreachable or busy subscribers. If 
calls with such release causes get forwarded 
to SGA-MCN, the system sets up notification 
procedures for both the caller (SGA-NotifyMe) 
and the called (SGA-WhoCalled) in order to 
notify the parties by an SMS about “Who 
Called” them, or when to try calling again.


SMS Distribution and Control


• SGA-SMS Fraud Detection System
The aim of SGA-SMSFD is the detection of 
fraudulent and illegitimate usage of SMS’s and 
active intervention if configured so. Our 
analysis rule-set for message filtering has 
been approved by various operators.


• SGA-Mass SMS Receiving System
The SGA-MSMS is a mass SMS system for 
operators. It is able to handle several million 
incoming messages daily, arriving from either 
external or local SMSC’s.
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includes our Location Update Tester, CLI 
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WorldTrip Tester for outbound roaming tests.
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• SGA-Mass SMS Receiving System
The SGA-MSMS is a mass SMS system for 
operators. It is able to handle several million 
incoming messages daily, arriving from either 
external or local SMSC’s.


 






image5.emf
One-pager  AITIA.pdf


One-pager AITIA.pdf


Personal Dictation Systems
 
Speech recognition is not a one-size-fits-all technology. 
We are integrating subject-specific jargons, personal or 
corporate text corpora which highly increase the usability 
and usefulness of our dictation systems.
Beyond plain text, you can dictate abbreviations in upper 
or lower case, command words, punctuation, quotations, 
brackets, dates, units of measure, ordinal numbers, 
fractions, roman numbers or even URLs.
 


Dictation
 
Dictation is more than dictating the target text. Whether 
dictating medical reports, legal regulations, automotive 
repair manuals, tender applications, technical marketing 
brochures, IT manuals or oil rig user manuals, you meet 
incredible formatting and typing challenges.


Speech


Data mining from call center speech
 


The voice recognizer engine integrated with leading data 
mining technologies provides speech mining services.
The behavior and speech of customer service agents 
largely influence customer satisfaction, therefore it is 
extremely important to monitor and evaluate 100% of the 
calls.
 
The system’s main aim is to make the call center 
performance transparent and make the evaluation of the 
agents automatically.
 
Some examples of the analytics: 
  • Scheduling and planing agent training sessions
  • Detecting successful and unsuccessful conversations
  • Protocol conformance monitoring
  • Emotion and attitude measurement
  • Telesales support


 
 
 


AITIA International Informatics Inc. 


References
 
 
 


 
 
  
Legal dictation 
  • Hungarian Courts
  • European Court of Auditors
  • European Commission
 
Translation Support 
  • SHC International Translation Agency
 
Subtitling
  • National Television Channels of Hungary
 
Speech analytics
  • OTP Bank 
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Contact:


Other projects
 


Telecommunications Network Monitoring 
Indoor Positioning Systems
Deep Learning Based Solutions
Research & Development 


 
 


Speech recognition solutions are based on advanced 
machine learning algorithms like Deep Neural Networks. 
Extra large vocabularies and agglutinative languages 
handled using Weighted Finite State Transducers.
Language toolkits are available for training new subjects 
or languages.


 
Technology


 


The speech engine 
  • is CPU and memory efficient, 
  • can run locally, on a server or in the cloud,
  • both Windows and Linux version platform available,
  • has an integration interface.
 


Company presentation



http://www.alx.com.gr/maingr/wp-content/uploads/AITIA.docx

http://www.aitia.ai/web/guest
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AITIA: Private R&D Company

		Established: 2005 (1995), headcount: 30

		85% engineers, programmers, and researchers

		Turnover: $2.000.000, export: $100.000 (2016)



All of our projects are based on our

own research and developments

Main strength: flexibility, custom design

Topics: * Indoor Positioning Systems (IPS)

	 	       * Automatic Speech Recognition (ASR)

		       * Telecommunications (main) 			       * Geophysical probes (new)

		







AITIA: History

*



Indoor navigation, geophysical video probe

    TV speech transcription, deep learning NN

LTE monitoring,100 Gbit/s routing

	mobile mass traffic generators 



Deloitte: No.1 growing in Hungary, 

No.9 in Central&Eastern Europe	



AITIA International, Inc. is founded

	* artificial intelligence

* speech recognition

* mobile network monitoring  	         Headquarters



TSPLab: founded at Budapest University of Technology

    DSP based telecom testers, speech research

1995

2005

2009

2014

2016







AITIA: Some Industrial Partners

		Hungary 		Vodafone, Invitel, Telenor, Telecom, Ericsson, GE, Clementine, Aegon, Digital Natives, etc.

		Slovenia 		Tusmobil 

		Germany		Deutche Telekom

		Crna Gora 	Telenor, T-Mobile 

		Macedonia 	T-Mobile 

		Abkhazia 		Instalsite 

		Poland 		P4 

		Slovakia  		Swan

		Switzerland	IBM Research Zurich

		Greece		WIND Hellas??









Telecommunications (SGA)

Signaling Generation and Analysis

		Non-Intrusive Signaling Network Monitoring



	Network-wide call/transaction monitoring and tracing, several millions of Call Data Records per hour

		Core Network Active Applications



	Roaming testers, mass SMS, welcome SMS, fraud detection, USSD, LBS, EIR, load testing of networks

		Network Interface Hardware



	1.5 - 2- 155 - 622 Mbps cards, FPGA based 10 and 100 Gbit/s routers, hardware based firewalls











Indoor Positioning System (IPS)

		For persons or objects, navigation & tracking

		Intelligent routing in multilevel buildings

		For Android, iPhone or custom hardware

		Accuracy: BLE 1~3 m, UWB 10~30 cm





BLE beacons +smartphone

Ultra Wide Band tags







IPS Use Case Examples

		Navigation in shopping malls, office buildings

		Guide for museums, galleries, exhibitions

		User tracking at conferences, exhibitions

		Navigation aid for visually impaired people

		Asset tracking using custom hardware

		Forklift tracking in stores or factories



















IPS Experimental Systems

Two systems (developed in cooperation with GE)

Proximity marketing at a large sport store

Discount coupons are offered related to position

Customer routes and behavior could be analyzed

Forklift tracking and WIP at a factory

Track and analyze the daily activity of forklifts

Asset tracking by fixing RFID on boxes delivered 

A WIP (Work In Progress) system can be realized by integrating IPS with the MES (Manufacturing Execution System) of the factory







Plan to Introduce IPS Abroad

		What we need:



Local partner(s) who distribute, install, and support the product

		What we provide:



Complete custom designed system (hardware, software, installation and operation manual) 

On-line help desk (if needed 7/24)

		Potential customers, who operate:



factories, stores, large offices, museums, large hotels, supermarkets, restaurants, hospitals, etc.

ips.aitia.ai







Automatic Speech Recognition 

Systems and Services





Tibor Fegyó

Director of Speech Group

tfegyo@aitia.ai







Technology

		State of the art speech recognition engine based on 



Statistical learning, Deep Neural Networks

		Large vocabulary continuous recognition

		Distinguishing feature: we don’t offer one-size-fits-all solutions



Task oriented approach, 

In cooperation with the end users

		Hungarian+Central&East European languages









Applications

		Transcription and analysis of call-center / contact-center conversations

		Real time closed captioning of radio and TV broadcasts, Internet based audiovisual contents

		Indexing audiovisual archives

		Dictation application for lawyers, judges, translators

		AAL projects for disabled and elderly people









Plan to Introduce ASR Abroad

		We need local partners:



To cooperate

To integrate speech technology in local business processes



		What we provide:



Speech tecnology know-how

Related software background







AITIA: 3 Partner Universities





The cooperation with universities provides us 

scientific background and 

a large human resource  

Eötvös Loránd

University (ELTE)

Univ. of

Debrecen (DU)

Budapest University of

Technology (BME-TMIT)







AITIA: always open for new projects





www.aitia.ai

Thank you for your kind attention!
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Abstract—The requirements for various indoor positioning 


applications could be quite different, and the development of an 


entirely new system for every situation is not really cost effective. 


Therefore a modular system would be useful that could easily be 


adapted to a wide range of applications. Our NAVIN platform 


structure is sufficiently modular so it can easily be customized for 


most particular needs. In order to make it economic, it is based 


on ubiquitous smartphones and cheap BLE (Bluetooth Low 


Energy) beacons, but special purpose hardware, such as UWB 


(Ultra Wide Band), NFC, RFID codes, tags, or modules can be 


integrated, too. Positioning accuracy with BLE beacons is 


between 1-3 meters, with UWB tags, however, 10 cm can be 


achieved. Both object tracking and person navigating can be 


provided, and an extended navigation module helps blind or 


visually impaired people to find places. The platform has several 


advanced features to ease adaptation and to enhance customer 


satisfaction. Two experimental systems have already been 


developed and deployed for proximity marketing in a larges store 


and for asset tracking in a factory, respectively. 


Keywords—indoor navigation; location based services; modular 


platform; BLE; UWB; proximity marketing; asset tracking; blind 


people navigation  


I.  INTRODUCTION 


Nowadays it is hard to imagine our life without GPS which 
facilitates providing location specific information and 
services. It helps people to find their way and navigate from 
place to place.  


Indoor location information would also be extremely 
useful in many situations and could facilitate location based 
services within buildings. The specific requirements, however, 
such as positioning accuracy, scale, speed, infrastructure, 
operational life, etc. are more or less different in the case of 
each indoor application. This is the reason that several 
technologies have been applied, and many methods have been 
invented and developed for indoor positioning. See surveys, 
e.g. in [1, 2]. 


In the past past we have also developed some experimental 
systems using ultrasound navigation methods for blind people 
[3] and an ultrasound based museum guide. Although these 
solutions met the technical expectations, as accuracy, speed, 
and simple use, the cost of their sophisticated special purpose 
hardware some years ago made them prohibitively expensive. 


At present our purpose is to realize an economic, general 
indoor navigation, called NAVIN platform which can easily 
be adapted to a wide range of different real life location based 
services. In order to make our solution economic and user 
friendly, we have based our platform mainly on the ubiquitous 
smartphones and cheap BLE (Bluetooth Low Energy) 
hardware. 


The applications in mind include both navigation and 
person or object tracking. In cases when room level 
positioning or 1-3 meter accuracy is sufficient, the selected 
primary technology is based on iBeacons and smartphones or 
tablets. Both Android and iPhone devices are supported. If 
higher accuracy, about 10 cm is needed, in the case of object 
or asset tracking, then hardware using UWB (Ultra Wide 
Band) system that has been developed by our partner [4] can 
also be integrated into our NAVIN platform. Other type of 
tags, such as NFC, RFID, or QR codes can also be used. 


Some potential applications include 


 Guiding within large buildings, museums, hotels, etc.  


 Tracking assets or people in factories, hospitals, etc.  


 Location based ordering in restaurants, cafes, etc. 


 Proximity marketing in malls, promotion by coupons 


 Analytics, statistics, feedback for service providers 


Using our system, retailers could enhance the shopping 
experience with coupons, promotions, and indoor navigation 
in the stores. In the industry the companies could track their 
assets and they could optimize their workflow. Medical 
facilities could use this technology to track their patients or 
their assets. Museums and art galleries could improve their 
visitor's experience by providing additional information such 
as audio and video guiding.  


Our solution features real-time, multi-floor positioning, 
and optimum navigation. NAVIN shows users their own 
location or the location of other users or objects with an 
accuracy of about 1-3 m. Our mobile application displays a 
map containing walls, furniture, and other relevant 
information, like doors, stairs, elevators, and other points of 
interest. The map can easily be modified on a website. The 
system is running on both iOS and Android devices. 


© IPIN2017 
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II. ARCHITECTURE 


In the case of smartphones based location aware 
applications the overall architecture of the NAVIN platform is 
shown in Fig. 1. 


 


Fig. 1. Overall architecture of indoor navigation using smartphones 


The central component is the Backend that provides 
various services to the mobile and the web clients. These 
clients represent the user interfaces, GUIs that allow mobile 
and admin users to interact with the system. The beacons are 
somewhat isolated components that provide BLE signals 
periodically to the mobile clients. 


In the case of asset tracking (see Fig. 2), practically the 
same architecture can be used. The beacons (or UWB tags) are 
attached to the assets, and their signal is received by the asset 
tracker which is a custom hardware unit (e.g. Raspberry PI or 
UWB transceivers) connected to the server via IP (through 
cable or WiFi). 


 


Fig. 2. Overall architecture of indoor asset tracking 


The Backend is a standard JavaEE application with three 
layers, mainly based on SpringFramework libraries. Its Data 
Layer is responsible for storing the data and mapping them to 
domain objects. Data is stored in a PostgreSQL relational 
database. The Service Layer is responsible for basic CRUD 
operations on the data. 


III. CUSTOMIZATION 


In order to easily customize the system, a modular 
software approach is selected in accordance with the 
architecture above. The modules themselves are easily 
extendable and customizable, too. 


The main modules: 


Core module: This module shows the user's current 
position on the map and provides basic navigation 
functionality. It calculates and displays the best path between 
the user's position and the selected destination. The module 
also supports multi-floor navigation. 


Content module: It displays the various contents on 
mobile devices that are in the range of the pre-installed 
iBeacons. The administrator can define points of interest on 
the map by providing icon and additional information on a 
user friendly website. On the mobile applications the user can 
browse these points. The administrator can set up the content. 
The content can be simple text, image, audio, or even video. 


Tracking module: This module provides a rich tracking 
functionality. Other users can also be tracked if they allow it. 
Asset tracking can be supplemented by NFC, RFID, or QR 
code. The mobile phones can be replaced by custom made 
BLE hardware or UWB tags. The tracking data can further be 
processed to display the most frequently used paths and heat 
maps. 


Extended navigation module: Visually impaired people 
can also use our system. Based on the planned route and using 
the phone's inertial sensors this module creates a text (like turn 
left, walk straight 10 meters, etc.) then a text-to-speech system 
reads this description to the user. 


IV. NOVELTIES AND ADVANCED FEATURES 


The system can use beacons from multiple vendors so 
customers can choose the product which is most fit to their 
expectations (battery life, range, durability, and price). 


Our reliable routing solution provides optimal paths to 
predefined or manually selected positions in a multi-level 
environment. There is no need for additional work to enable 
the routing on a map but the editor of the map can define 
preferable paths.  


The system supports multiple locations and the distributed 
server architecture provides fast data exchange all the time. 
The server can be a physical one or in the cloud. 


The system uses a dynamic map instead of a static one, 
which means it can easily be adjusted on our website. This 
allows performing modifications conveniently on the location 
map. The changes appear in the mobile applications almost 
immediately.  


In the case of BLE and smartphones, our platform offers 
two modes relating to accuracy. The coarse mode provides 
room level position, while the fine mode shows the estimated 
position of the user via a blue dot. The advantage of the first 
mode is that it can work with fewer beacons. The algorithms 
behind these modes are the following. 


In the coarse mode the beacon with the strongest signal is 
selected and its ID is stored in a cyclic buffer, then the most 
often selected beacon in the buffer is considered the nearest 
one.  


The fine mode is based on triangulation with smoothing by 
a Kalman filter [5]. 


In both modes we use the received signal strength indicator 
(RSSI), i.e., the signal strength information. Therefore we 
have made many experiments to examine the correlation of 
RSSI with the distance, as well as the most appropriate 
technology to extract the RSSI values in the case of BLE. 
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V. RSSI MEASUREMENTS 


When performing the measurements, we had three main 
goals:  


i) We wanted to collect statistics on the received RSSI 
values on different devices  


ii) We wanted to compare the behavior and performance of 
the CoreBluetooth and CoreLocation iOS frameworks with 
respect to RSSI levels and blackout periods 


iii) We wanted to know how quickly devices realize that a 
beacon is not in their proximity 


During the functional tests of the first development phase, 
it became obvious that RSSI levels measured by different 
mobile devices in the same situation show considerable 
variations. The mobile applications heavily depend on the 
measured RSSI levels, the decision whether the device is in 
the proximity of a beacon or not is based on this value. To 
ensure that the applications behave consistently across 
multiple devices, we decided to perform a BLE experiment. It 
consisted of recording RSSI levels of beacons in known 
distances over time, using various devices. Such 
measurements should provide information about the RSSI 
variations. 


An additional goal of the BLE experiments was to 
compare the behavior of the CoreLocation and CoreBluetooth 
frameworks on iOS. In the first development phase, the iOS 
application was developed using CoreBluetooth. This reports 
directly BLE advertisements to the application, as opposed to 
the CoreLocation, which constrains the reports to one per 
second. Since the applications need to know the beacons in the 
neighborhood as soon as possible, the CoreBluetooth seemed 
to be better suited for our needs. During the tests of the first 
phase, however, it turned out that the responsive nature of the 
CoreBluetooth lasts only for two minutes, and after this period 
the reports are sent to the application only at a slower rate. 
This led us to replace CoreBluetooth with CoreLocation in the 
iOS app. 


In the measurements, we used 5 different types of devices. 


 iPhone 5, iOS 8.3 


 iPad, iOS 8.2 


 Nexus4, Android 5.0.1 


 Nexus5, Android 5.1 


 Asus TFC103C, Android 4.4.2 


We found that the received RSSI values differ on different 
devices. The difference, however, is not too large. The RSSI 
values of a beacon 3 meters away fell largely between -70 and 
-80. We have to note though that experiments were carried out 
in a static fashion, that is both the mobile devices and the 
beacons lay still during the measurements. In a real situation, 
devices move among beacons, and the RSSI values certainly 
change even when a device turns away or toward a beacon. 
We expect that RSSI changes due to movements are more 
significant than RSSI differences of different devices. 


During the tests it turned out that although the application 
did receive a report from the CoreLocation framework every 
second, the beacons included in the reports often have zero as 
RSSI value. We speculate that CoreLocation includes 
previously seen beacons in reports even if they were not seen 
in the last second. This raises two further questions to be 
answered by the experiments. How long does it take between 
two reports containing real RSSI values for a beacon, and how 
long does it take for a beacon to completely disappear from 
the reports after it is removed from the proximity of the 
device. 


Measuring RSSI-timestamp pairs allows us to discover the 
variability of RSSI values as experienced by the applications, 
as well as the distribution of time intervals between 
advertisements. In addition to such measurements, we 
performed experiments that simulate the situation when a 
device leaves the proximity of a beacon. When that happens, it 
is interesting to know how quickly the application can detect 
it.  


To measure the time between a beacon becoming out-of-
range and the time the application detects this, we added a 
new feature to the application that allows the user to insert a 
marker into the csv file at the press of a button. During the 
measurements, we first turned the application on and let it run 
for a few minutes. Then, we switched one of the beacons off 
and pressed the button that places the marker into the csv file 
simultaneously. Finally, we let the application to run for 
several seconds more, before terminating the measurement. In 
the resulting file, we searched for the marker, and checked for 
how long was the beacon still reported to be in the 
neighborhood after the time identified by the marker. 


We found a significant difference between the blackout 
periods measured using iOS and Android devices. The 
Android values are considerably lower, they are below 0.5 
seconds. This means that the Android devices receive and 
process each and every BLE advertisement sent by the 
beacons. The iOS values are over 1 second, values measured 
using the CoreLocation framework being around 1.5 seconds, 
and those measured by CoreBluetooth being over 4 seconds. 


VI. RESPONSE TIME MEASUREMENTS 


In another series of measurements we have investigated 
the response time in a proximity marketing application by 
JMeter which is an open source desktop Java application 
designed for load and performance tests. It was used to 
measure response time and latency time in a system with 
simulated load of 50, 100, and 150 users, respectively. 


The test consisted of three types of HTTP requests: 


 Location request: gets all active locations with routing 
graph, associated zones, beacons, and overlays in 
JSON format (request size: 2404036 bytes) 


 Campaign request: gets the current campaign 
information (e.g. the coupon rules) of the location 
(request size: 6029 bytes) 


 Coupon request: gets the content of the specified 
coupon (request size: 384422 bytes) 
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Latency is defined as the time elapsed between the request 
and an initial response. Response time is defined as the time 
needed to fully serve the request. 


In a local network the Server used: Intel Core 2 Quad 
Q8400 (4 cores), 2.66 GHz, 8 GB RAM, Tomcat, 150 threads 
NIO (Non Blocking Connector) mode: the thread goes back 
into the thread pool immediately after the response. The 
number of threads corresponds to the number of users that 
JMeter simulated.  


The results of measurements are shown in Table 1. 


TABLE I.  RESPONSE AND LATENCY TIME 


HTTP 


Request 


Time  


in [ms] 


50 users 100 users 150 users 


Avg. Max. Avg. Max. Avg. Max. 


Location Response 77 93 92 227 130 391 


Latency 46 58 61 189 79 226 


Campaign Response 14 19 18 32 24 67 


Latency 14 19 17 32 23 66 


Coupon Response 24 43 27 53 30 107 


Latency 17 36 20 46 24 80 


 


It can be seen that from Table 1 that both response time 
and latency time data grow about linearly with the number of 
users. Therefore it is safe to say that the system could perform 
fast enough with 500 or even more users. 


In another similar measurement we used a server over a 
relatively slow Internet connection and many tasks were 
running in the machine simultaneously. In this case the 
operation became naturally much slower and delays exceeding 
10-20 seconds could be seen. So if fast responses are expected 
then a fast network and a dedicated server should be used. 


VII. EXPERIMENTAL SYSTEMS 


Two experimental systems have already been developed 
and deployed.  


First a proximity marketing application was tested in a 
large sport store. A 5 meter spaced grid of beacons was fixed 
on the ceiling and customers were offered discount coupons 
related to the product category nearby them. At the same time 
the store owners could analyze the preferred routes and the 
number of customers at every department. 


In another experiment beacons were fixed on a factory 
room ceiling to track and analyze the daily activity of forklifts. 
By fixing RFID or other kind of tags to the assets delivered on 
the forklifts, the application can be extended to provide asset 
tracking and be integrated into the MES (Manufacturing 


Execution System) of the factory in order to realize a complete 
WIP (Work In Progress) system. 


Both experiments have confirmed that the triangulation 
based on RSSI can provide the expected 1~3 meter accuracy. 
In applications where this is not sufficient, the UWB 
technology can provide much higher, about 10 cm accuracy. 
The cost of the UWB based solution could even be 
significantly lower in large spaces, e.g. in a 100x100 m 
workshop, because within this area 4 or 5 wall mounted 
transceivers [4] could be sufficient in contrast with a large 
number of (about 100) beacons. 


VIII. CONCLUSIONS 


An economic and modular positioning platform has been 
developed for various indoor location based services. Its 
modularity allows easy and fast customization to meet the 
particular requirements of different applications.  


In order to make it economic, it is based on ubiquitous 
smartphones and cheap BLE beacons, but special purpose 
hardware tags or modules can be integrated, too. Both Android 
and iPhone devices are supported. 


A thorough study of the BLE RSSI information collection 
has clarified the proper technology needed in the case of 
Android and iOS devices. The positioning accuracy of this 
technology is about 1-3 meters. For higher accuracy of about 
10 cm, UWB tags can also be used in the system.  


Both object tracking and person navigating can be 
provided, and an extended navigation module helps blind or 
visually impaired people to find places.  


The platform has several advanced features to ease 
adaptation and to enhance customer satisfaction.  


Two experimental systems have already been developed 
and deployed for proximity marketing in a larges sport store 
and for asset tracking in a factory, respectively. 


References 
[1] H. Koyuncu and S. H. Yan, “A survey of indoor positioning and object 


locating systems”, IJCSNS Int. J. Comput. Sci. Netw. Security, vol. 10, 
no. 5, pp. 121–128, May 2010. 


[2] R. Mautz, Indoor Positioning Technologies. Institute of Geodesy and 
Photogrammetry, Department of Civil, Environmental and Geomatic 
Engineering, ETH Zurich, 2012. 


[3] Mihajlik, P., Tatai, P.: DSP-Based Ultrasonic Navigation Aid for the 
Blind, Proceedings of the 18th IEEE Instrumentation and Measurement 
Technology Conference, Budapest, May 21-23, 2001, pp. 1535-1541 


[4] https://omt.hu/rtls 


[5] http://www.cs.unc.edu/~welch/media/pdf/kalman_intro.pdfJ. 


 






image6.png




