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Abstract. This paper presents a method for locating the operators, equipment and parts using
radio communications systems. Specifically there will be radio transceiver arranged in a
network of active and passive radio receivers placed on personnel, equipment or parts. Based
on a radio triangulation method, it is determined the location of the all resources and parts
involved in manufacturing process. The transceivers communicate with each other via
“routers” - also components of the network. Such a structure may extend over large distances
even in indoor spaces where there are obstacles (walls between rooms). The location is done by
determining the power of transmission signal for at least three end points. The receiver position
is then transmitted over the network through routers, to a central server where all positions of
the resources are centralized. Our solution is a non-invasive and low cost method for
determining resource position in the factory. The system can be used for both resource
planning production for current process more efficient and for further analysis of the
movement of resources during previous processes with possible adjustments to the workspace
and re-planning of resources for future processes.

1. Introduction

Indoor positioning systems have become very used lately. These systems have been successfully used
in many applications such as asset tracking and inventory management [1]. Research efforts have been
performed in the idea of increasing the precision of the localization [2]. Thus these systems have
become increasingly used to manage different institutions, in particular for monitoring and supervision
of staff but access to certain locations as alternatives to traditional security systems based on biometric
identification methods [3]. Others systems use different techniques for remote monitoring in
automotive [4].

On the other hand, they have done research in the management of industrial production processes
in order to increase production efficiency by monitoring techniques to staff and other resources
involved. Precise monitoring of the production process enables dynamic re-planning stages, an
analysis of how it is possible to intervene in the process, applying different approaches to improve
results [5]. Thus, optimal configurations can be determined for human and material resources in
production processes to improve working conditions and wellbeing of staff and to increase production
performance [6].

There are many methods that can improve the quality of manufacturing processes. These include
human resources and equipment planning methods for optimal use. However, there are many cases
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where problems arise in the implementation of these methods because of the impossibility of exact
location of the resources in the enterprise. This is the case particularly in the auto industry, where
production halls are large and personnel should operate on relatively large sectors.

They have done research in monitoring resources in automotive industry such as: stress monitoring of
workers during a production process by analysing their thermal map [7] or use virtual reality and
augmented reality for preview of possible details of the finished product [8]. Studies include complex
methods of analysis of video and data resulting from the production process, conducting surveys or
interviews, modelling and simulations of human activities [9].

Our solution involves using radio network for data transmission (operator and parts IDs, activities
in production lines) in order to centralize them and stored to a server to be in real time or subsequently
analysed by various compartments connected in local network factory. The radio network is an ad hoc
network in sense that each component of the network (transceiver) can initiate a session to send data to
central radio receiver. Each transceiver can have the function of “end-point” in the network if it
collects and transmits data from different equipment or can have the function of “router” if it only
takes the data packets from end-points and send to central radio receiver (or others routers).

At the same time, the radio network is used for indoor location of the end-points. Each endpoint
collects its own data or sends a signal that reaches the passive receiver placed to the operators,
equipment or parts (as a RFID tag). The signal provide power supply for passive signal receiver, after
that the transceiver taking the receiver’s code (unique for each resource or part) and by measuring the
power of the signals transmitted from the other end point determines the position of the receiver in the
network. The system was implemented experimentally in a production process (welding) of chassis
and analysed its positive impact.

2. System structure
The figure 1 illustrates a block diagram of the system.

The system is based on radio identification (RFID) using active and passive radio transceivers.
All of these are disposed in a radio network.

As can be seen in the figure, transceivers are installed on the following key components of an
industrial manufacturing process:

- Parts and raw materials;

Operators;
Forklifts or others logistics equipment from factory;
Manufacturing lines;
Control workstations.
Transceivers can be placed on boxes of materials after the entry into warehouse. Thus it can monitor
the circuit that raw materials have in the factory since taking over the warehouse until it reaches the
production line. A piece resulting from the production process may have also placed a transceiver and
can be monitored the circuit from the production line to the warehouse and even to load the means of
transport for delivery.

Along with components monitoring can be performed and staff monitoring. Both for personnel
monitoring and parts/raw materials monitoring are used passive transceivers — RFID tags.
Active transceivers are placed on forklifts. Thus, an active transceiver placed on a forklift can read
both the ID of parts or raw materials placed on a container that manipulates and the ID from tag placed
on operator. It can transmit to radio network information regarding operations which performed the
forklift (transceiver active possess a set of inputs connected to actuators lift truck), information on the
operator who handled and information about part or container that has been handled.
Also an active transceiver is placed on the manufacturing line. Here it detects operators who act at a
time. Finally, another active transceiver is placed to control workstation. Here it read controller ID and
checked part ID.



ModTech International Conference - Modern Technologies in Industrial Engineering IV IOP Publishing
IOP Conf. Series: Materials Science and Engineering 145 (2016) 022020 doi:10.1088/1757-899X/145/2/022020

Reading passive transceivers (tags) on the operators, parts or boxes with raw materials at different
points of the enterprise other than forklifts, production lines or control workstations, can be accessed
through active transceivers called routers.
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Figure 1. Block diagram of the system

They serve two purposes. First, a router collects data from end-points and sends it to central radio
receiver. If the end point is in covered area of central radio receiver, it can transmit directly data to
central receiver. Else, it transmits data to a router which acts as a cell from a cellular network. Thus,
radio network can be extended to a very large distance, even for indoor conditions, ensuring the
coverage for the entire factory.

The second function of a router is transceivers location (active or passive). The analysis is done by
detecting the power of radio signal emitted by the active transceivers or by detection of proximity of
passive transceivers. Three routers or more can locate an end point using triangulation method.

All information regarding end points activity, operators, parts, manufacturing lines and controls
workstations with their location and time when are collected reach to the central collection point: the
central radio receiver. The central radio receiver will communicate data to a server where they will be
stored. The server provides services to query data stored. Thus, different network applications can use
these services and can deliver information to users in different departments of the company.

We have for example a dispatcher that can signal in real-time the critical situations in the production
process and can provide information related to the disposition of staff or materials. Dispatcher may
inform engineers on these issues in production or manufacturing engineers can automatically be
informed of some situations through a mobile application running on a PDA device. The application
consists of a console warning and buttons feedback from manufacturing engineer.

All information related to the production process provided by radio network to dispatcher and
responses submitted by manufacturing engineers are the database of the process of production.
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This can be viewed later by management division devising strategies for future work. It can also be
a useful tool for research division which will propose measures for optimizing the production flow.

3. 1. Passive radio transceiver and active radio transceiver
The radio network consists of two basic structures: a passive transceiver used for monitoring
personnel, parts or materials and an active transceiver used to monitor the forklifts, production lines
and control workstations.

The difference between them lies in the type of power supply and sensor placement.
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Figure 2. Block diagram of passive radio transceiver

The passive transceivers, with the block diagram in figure 2, have passive power supply. This is fed to
the time in which the receptions of a radio signal. Passive transceivers function is simple, just read an
ID code located in a small memory and send it to radio. This structure can be integrated in a small
circuit located in an access card or as a small point glued to a box or a part.

In contrast, active transceivers, figure 3, have a higher dimension.
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Figure 3. Block diagram of active radio transceiver used in our system

They have active power supply - can be supplied where they are placed having low power
consumption. These have connected contact sensors. The sensors transmit information about the drive
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elements. Data from the sensors reach the central unit with ID from memory. Also, the transceiver can
receive information (ID) of the passive units in range. Then, it encapsulates information from passive
units with “local” information from sensors and ID and send the data packet to radio network to
central radio receiver.

4. Case study
Such a system was implemented experimentally in an enterprise manufacturing auto parts (track
chassis). It monitored the following endpoints:
10 welding operators, 3 forklifts handlers;
6 chassis final products;
24 parts of raw materials;
3 forklifts;
10 welding workstations;

- lcontrol workstation.
In total there are 4 welding processes that apply to finalize a chassis. The system collected data into a
data storage server (DB server) and provide services from application server. The applications
consisted of a dispatcher application and a reporting mobile application.
Along with the ability to closely monitor the entire production process by storing data for later
analysis, the system has brought the following benefits:

- Reduce the distance travelled by each welder operator between workstations;

- The decrease of transport time for raw materials parts to workstations;

- Decreasing production time by allocating resources;

- Increase quality by improving the verification process.

5. Conclusions and future trends

Our system uses a radio network for collect data about resources involved in a manufacturing process:
operators, parts, raw materials, logistics, production lines and control workstations. Data are about
resource type, location and time when the resource is used. With this system, we can provide
information about a current production process stage and for previous processes.

We test our system in an enterprise which manufacturing tracks chassis. The system improves
production by reducing time required for parts and raw materials transport and for operators shifting.
As future trends, we will build an expert system which takes data from different servers connected to
radio networks placed in different factory and to implement a big data infrastructure.
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