












 

  

  

  

  

 

  

  

 

  

  

  

  

  

 

  

  

  

  

  

 

  

  

  



 

  

  

  

  

  

  

  

  

  

  

  

  

 

  

  

  

  

 

  

  

  

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 





 



 

 

 

 

 

 

 

 

 

 



 

 



 







 

 



 



 

 



 





 

 

 



 

 



 





 

 



 



 







 

 



 



 



 

 

 



 

 

 



 

 







 





 



 



 



 





 





 

 



 

 



 





 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



TASK ASSIGNMENT THROUGH INDOOR LOCATION WITH 

BLUETOOTH LOW ENERGY DEVICES  

ABSTRACT 

This work combines smartphones with Bluetooth Low Energy devices with the purpose to guarantee an efficient communication 

service in indoor installations. The combination of these two tools allows creating an innovative control unit to provide a more 

efficient and secure communication channel between a company and its employees. This is part of a work in progress, which includes 

the deployment of the proposed system in an airport in order to optimize ground operations inside the airport. 
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1. INTRODUCTION 

Smartphones have become an essential gadget in our everyday life [1]. This is mainly because these devices 

offer a variety of powerful utilities and rich functionalities and tools oriented to reduce tasks into simple hand gestures. 

Their widespread deployment, together with the availability of lots of devices and sensors that are able to communicate 

with each other, has given birth a new tendency, known with name of Internet of Things (IoT). When Bluetooth Low 

Energy technology appeared, IoT philosophy started to become a reality because it provides a new efficient form to 

communicate, due to the decrease of battery consumption in devices and sensors. 

Nowadays, smartphones are used for many different applications in the area of personal life, but the business 

sector has not yet taken the most advantage of them. The most popular applications are for social networking and for 

searching information [2]. Thus, this work deals with the idea of filling the gap with a novel application that applies the 

IoT into the business sector. 

Indoor location is a practical problem that has been faced for the last few years through the use of different 

technologies such as Wi-Fi and Radio Frequency IDentification (RFID). Solutions proposed till now have had lower or 

higher precision depending on the use case. Nowadays, driven by the great success of smartphones and the recent 

increase of the Bluetooth Low Energy (BLE) technology, a new location system for indoor environments is emerging. 

Several algorithms and methods have been recently proposed based on the use of BLE technology, so that it 

can be foreseen that future practical and effective indoor location systems will be based on it  [3]. Most proposals 

described in the bibliography are focused on the theoretical view [4], which allows defining precision and accuracy of 

location in real time. However, the present work has a different objective, which is the demonstration of the practical 

effective use of BLE for indoor location in huge installations, where high precision is not a key aspect, so a wide 

deployment of BLE devices [5] is not necessary, which reduces the economic inversion on installation and 

maintenance. 

This work is structured as follows. Section 2 describes the proposal, including the communication part, the 

locating functionality, and the integration of both parts, which produces a new system to ease employee and work 

management inside complex installations like airports. Section 3 provides a few details about the practical 

implementation of the proposal including screenshots. Finally, Section 4 closes the paper with some conclusions and 

open problems. 

 

 

 



2. OVERVIEW OF THE PROPOSAL 

2.1 Communication 

One of the parts of the proposal consists in an effective communication system between company and 

employees, based on a dual system in order to improve existing methods. Regarding the two parts of the 

communication, on the one hand, a transmitter, which is originator of message, is located on a central server and 

accessible through a web platform. On the other hand, a mobile application must be installed at the terminals of the 

employees. Since the receiver of messages is a mobile application, a notification system has been established through 

Google Cloud Messaging (GCM) with push notifications. It provides a powerful tool to send the same message to 

several employees and to manage the retry policy when messages do not reach their destination. 

 Furthermore, since successful communication between both parts cannot be guaranteed, a second 

system has been implemented, which works as a synchronization tool. Whenever an instance of the application is 

created, it is necessary to verify whether the data corresponding to such an employee is updated in the database of the 

central server. Despite the information is transmitted in lightweight format (JSON); still many new instances can lead to 

an unnecessary data consumption. Thus, whenever synchronization happens; it is not necessary to send all related data 

again. However, a token is generated that tells us whether it is necessary to update the local storage or not. 

2.2 Location 

 The other fundamental part of this work is the location of employees in an indoor environment. Being a 

confined space, other positioning technologies such as GPS are not just as effective, so BLE devices are used. A mobile 

application is used to support a part of the proposed system, based on BLE technology, what implies that the used 

devices must support this technology. Also BLE beacons are used for location through the indoor environment so that 

the application can detect and have a reference point to determine the location of employees inside buildings like 

airports. Several bibliographic works describe more accurate location schemes based on similar technologies, but this 

work concedes more importance to resource optimization, such as necessary numbers of beacons or computational 

complexity of the implemented algorithms. Thus, this work considers that great precision is needless because its 

objective is to know the region where an employee is and not to control every of his/her steps. 

 The proposed system is based on the approximation of signal strength. In particular, more than one beacon can 

be found in every scan moment, so the decision is taken on the server based on the nearest beacons according to the 

Received Signal Strength Indicator (RSSI). With the proposed system, the company can keep track of its employees 

inside buildings, and receive information about how staff flows along a working day and a map of activity showing the 

busiest areas.  

2.3 Integration 

The goal of this work is to describe a new practical system that can be used to optimize the allocation of 

resources inside a building such as an airport. The proposed system provides real-time location of all employees and an 

efficient way to communicate with them, so it is possible to link a necessity to a specific place of the building and 

consequently to those employees who are nearby. Thus, the efficient allocation of tasks to available resources is the 

main objective of this work. Besides, in order to assign coherently the tasks, the considered proximity factor takes into 

consideration several factors, including the association of tasks by category and the occupancy level of each worker. 

The roles of each involved party is clear. On the one hand, the location system allows finding the most adequate 

employees for the task. On the other hand, the communication system automatically notifies a current need to the group 

of workers that is established as ideal for the corresponding task.  

The system is based on the analysis of a non-directed graph formed by beacons as nodes and distances between 

them as weights of connecting edges. Two nodes are adjacent if and only if the distance between them is smaller than 

the diameter of the beacon issuance. Thus, in the resulting graph, a breadth-first search “weighted” with the rules 

previously defined can be launched, and the obtained output gives the best employees to execute the task. The system 

also includes the possibility of manually assigning tasks to employees, for those situations when this is preferred or 

necessary. This means that the whole location system can be ignored, but even then the included communication system 

with the workers is effective.  

 

 

 

 

 



3. IMPLEMENTATION OF THE PROPOSAL 

For the implementation, diverse tools have been used in order to contemplate several components. The 

decision to choose the following tools and technologies has been due to various reasons.  

In the server side, the unification of programming languages has been a key point to provide agility when 

deploying and stability when communicating. Furthermore, since the access to certain properties of the devices is 

necessary and it is more efficient to do it with native programming, we have chosen to develop the application for the 

Android operating system, without excluding other systems that can be developed with the same philosophy. Besides, 

since the server side is responsible for managing the workflow and monitoring of the employees, Javascript has been 

chosen as the main programming language. For this purpose, the application uses the frameworks of NodeJS, 

MongoDB and Express, allowing the creation of a server where the backend is written in the same language. It also 

defines a database scheme to allow centralizing the different installations without any problem regarding dependencies 

between the different elements that form it, i.e. employees, tasks and BLE devices. This scheme includes other elements 

such as the model information of all employee activities and information associated with them, or the information on 

the graph formed by BLE devices, among others. It also uses the API of Google Maps to visualize the movement of 

workers throughout the building, as can be seen in Figure 1. 

 

 

Figure 1. Activity monitoring of an employee 

 

The mobile application, such as it has been appointed, works with native Java and XML programming. First, 

the application previously requires a simple configuration to link the device to an employee, with a code generated at 

the time of registering the employee on the platform. In order to avoid that more than one device can be linked to the 

same employee, in the configuration phase, he/she has to provide the code, which ceases to be valid after its use. At this 

point, the application will be able to receive push notifications of possible tasks for the worker linked to that device, and 

personal messages like a chat, what provides flexibility to communication between manager and employees.  

With the application, the employee can organize assigned tasks according to five different situations: active 

(being carried out), pending (allocated but not yet changed to another state), paused (in suspension for certain time, with 

the possibility of resuming them later), and cancelled or completed (two different ways to put an end to tasks). Besides, 

the application contains a section with the states of assigned tasks and a main block with options available for each of 

them, as seen in Figure 2. There is also a section for messaging to see the worker activity history, and two more options, 

which are to unlink the device and to log out of the application. When the employee is not inside the linked building, 

the application has not to track beacons, mainly for privacy reasons but also to save the battery and data consumption 

that the application can cause. 



 

Figure 2. Preview of mobile application: menu and pending tasks 

 The application is based on a communication system through a secure channel created thanks to the use of 

authentication and encryption. These tools guarantee that the owner of sent data is who he/she claims to be because all 

sent packets are signed and encrypted. Since public key cryptography has been used, a certification authority has been 

implemented in the server with the OpenSSL utility that is able to issue certificates of RSA public keys, so RSA has 

been used both to sign and to encrypt the packets. 

4. CONCLUSIONS 

 The proposal here presented provides not only a practical platform for secure communication between 

company and employees, but also a task assignment system that works according to different criteria such as location of 

employees. This helps to increase efficiency, speed and effectiveness of workers as a group, and also makes it easier 

and simpler the control of large groups of workers in large installations. The system has been implemented using 

different tools such as Android, Javascript, NodeJS, MongoDB, Express, Google Maps, Java and XML, and the 

obtained results are promising. 
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function hashCalculate(id_airport,id_person,worker_name,date){ 

 var id = id_airport + id_person + worker_name; 

 var input = id + date.toString(); 

 var a = primeBetween("0FF","FFF"); 

 var b = parseInt("1FFF",16);  

 var j = 0; 

 for(var i = 0; i<input.length; i++){ 

  a = a ^ input.charCodeAt(i); 

  if(j < id.length) 

   b = b ^ a ^ id.charCodeAt(j); 

  j++; 

 } 

 return (a.toString(16) + b.toString(16)); 

} 




