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1. 	 Introduction

This article deals with research of life cycle of passive RFID 
tags passed through the sorting machine. We performed research 
of readability of RFID tags in different conditions of selected 
parameters. Areas of application of RFID technology are also 
postal and logistic processes. In this context there are several 
questions of feasibility of the use of identification of letters, 
parcels etc. Today, postal operations have implemented RFID in 
various closed-loop systems to measure, monitor, and improve 
operations. For example, RFID is used to monitor international 
mail service between major hubs. By randomly “seeding” tagged 
letters into trays, elapsed delivery time can be measured. This 
allows service issues to be identified and addressed in a reliable 
and cost-effective manner. By allowing information to be captured 
automatically, RFID makes sure it is done, even under stressful 
conditions. 

2.	 Objective and methodology

Objects of the research were the transport items (letter mail) 
and passive RFID identifiers placed into thesetransport units. 
RFID tags were read by passive RFID readers in several positions 
and conditions. In order to achieve the relevant results of the 

research (Fig. 1), more than 100 measurements were performed. 
Measurements were realized by various types of testing. 

Fig. 1 Steps to achieve good results

3.	 Theoretical background

3.1	RFID system

The RFID system architecture consists of a reader and a tag 
(also known as a label or chip). The reader queries the tag, obtains 
information, and then takes action based on that information. 
That action may display a number on a hand held device, or it 
may pass information on to a POS system, an inventory database 
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of each mail piece. To achieve this, the mail piece is illuminated 
and the reflected light is photographed with a  camera. The 
scanner electronics converts the gray image into a binary image. 
The scanner passes the image on to the reader electronics (IP-PC) 
[5 and 6].

Furthermore, the scanner passes on image-accompanying 
data e.g. in which areas of the image the address should be 
searched for. Mail pieces, which are correctly aligned and whose 
addresses can be read and recognized, are sent to a  designated 
stacker. If the address of a correctly aligned mail piece can not be 
read, the machine control computer directs it to a special sorting 
stacker. If a  video coding unit is connected to the system the 
address is coded manually and thus allows later refeeding of the 
mail piece. For this purpose the mail piece must be additionally 
tagged with an ID-tag in a different unit of the system [7 and 8].

3.2.2 Barcode reading and printing

The mail pieces pass by a  faceplate with an integrated 
scanning zone. Two reflection light barriers in the faceplate 
determine the beginning of the mail piece and check the correct 
height orientation of the mail piece. The bars of the barcode 
are lit fluorescently through LED lighting. This optical signal is 
recorded with an arrangement of lenses, changed into an electric 
signal and forwarded to the evaluation electronics. The evaluation 
electronics transfers the results to the control computer, via 
a serial RS232 interface. The control computer directs each mail 
piece, in accordance with the sorting plan, to a stacker.

A destination barcode or an ID barcode printed on the mail 
piece identifies the mail piece and contains information like e.g. 
serial mail piece number. This makes it possible to determine the 
address of the mail pieces “off-line”. If the machine can not read 
the addresses itself, it can forward the image of the mail piece to 
an off-line Video Coding System [9].

4.	 Description of measurements 

4.1	Scenario of measurement

Scenario of measurement was realized by two levels. First 
level deals with testing of RFID tags on logistic units before and 
second level after the selected physical effects. In this way we  
gained the status of RSSI and read count before any damage to 
the RFID tag and after the possible damage. The measurements 
were realized under the same conditions, before and after 
damaging the RFID tags, in a single cycle, i.e. linear line (100 of 
transitions). Speed of transition of RFID tags on the linear line 
and recording period information was selected on the basis of 
secondary research, which served as a starting point for selecting 
these values. In the secondary measurements we combined rate 

or relay it to a backend payment system thousands of miles away. 
Let’s take a look at some of the basic components we have used 
in our research.

RFID tag is a small device that can be attached to an item, 
case, container, or pallet, so it can be identified and tracked. It 
is also called a  transponder. The tag is composed of microchip 
and antenna. These elements are attached to a  material called 
a substrate in order to create an inlay [1]. 

Tags are categorized into three types based on the power 
source for communication and other functionality.
·	 Active.
·	 Passive.
·	 Semi-passive.

RFID interrogators (often called readers) which are devices 
that wirelessly communicate with tags to identify the item 
connected to each tag and possibly associate the tagged item 
with related data. Both the tag and interrogator are two-way 
radios. Each has an antenna and is capable of modulating and 
demodulating radio signals [2].

Middleware is software that controls the reader and the data 
coming from the tags and moves them to other database systems. 
It carries out basic functions, such as filtering, integration and 
control of the reader. RFID systems work, if the reader antenna 
transmits radio signals. These signals are captured by tag, 
which corresponds to the corresponding radio signal. This is 
a  very special software device enabling mutual communication 
between two and more applications. This device is marked also as 
a mediator between various application components [3].

3.2	Characteristic of sorting machine	

Compact reader sorter (CRS) provides cancelling on mail 
pieces which are aligned on their bottom edges. It also provides 
address reading and videocoding, barcode reading and printing 
techniques (Fig. 2). The main focus is to sort letter mail items up 
to 24 stackers in inward and outward sorting options [4].

Fig. 2 Possible damage zone [5]

3.2.1 Address reading

In order to recognize the addresses of the mail pieces, which 
are running through the machine, a letter scanner scans an image 
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4.3	Physical effects

On the letter mail with RFID tags following physical effects 
were tested:
1.	 Impact of frost (by the transportation in the winter time)
2.	 Impact of the magnetic and electromagnetic fields (during 

a  contact with mechanized equipment possibly with other 
shipments)

3.	 The effects of water (after loading and unloading time)
4.	 Impact of the moisture (in case of rain and drizzle)
5.	 Exposure to high temperatures 40 and 60 degrees (by the 

transportation in the summer time)
6.	 Pressure (contact and friction with other letter-size mail)
7.	 Damage of the RFID tag (tearing of the label apart due to 

poor handling or contact with other letter mail)
8.	 Impact of sorting line

4.4	Damaging of RFID tags

The physical effects were realized in different environments. 
The first seven types of physical effects were realized under 
laboratory conditions. The last physical effect was realized in the 
postal sorting center of letter mail.

5.	 Measurement results

5.1	Result of damaging of RFID tags under laboratory 
conditions

As mentioned above we focused on two specific parameters 
and those were RSSI value i.e. average value within one cycle and 
the read count of RFID tags within one cycle. Before starting 
with the trial results, it is necessary to mention that we worked 
with the starting and end values of RFID labels as a single unit. 
The reason was that every RFID tag is a bit different. That is the 
reason that starting values for each label are different, sometimes 
even dramatically. In Fig. 5 the read count of RFID tags before 
and after impact of physical influences can be seen. Based on the 
results of the measured values we can confirm these conclusions. 
The biggest differences we found out in the impact of frost over 
the period of 72 hours (RFID tag was frozen for 72 hours). 
Also results with the frost-free period of 24 and 48 hours were 
not negligible. Differences were on average 72%, 41%, 36%. We 
observed also the big differences after impact of electromagnetic 
fields and exposure to high temperatures (40 to 60 degrees) 
within one hour of measurements. Differences were on average 
56%, 49%, 46%. We recorded lower differences in the impact of 
water and steam, or moisture, where the difference between two 
impacts was 36%. Surprisingly, the lowest differences were seen 
in impact of classic magnet and neodymium magnet even under 

of passage through the RFID gate by the linear line ranging from 
0.100 meters per second up to 2 meters per second. We set the 
period (latency possible load) from 0 ms and 2500 ms by using 
the antenna in a  horizontal, vertical and then horizontal and 
vertical position. From the total number of combinations in terms 
of the RSSI, the read count and used antennas, the combination 
of period 0 with speed 0.7 meters per second, and one antenna 
in a vertical position was selected. This selected combination was 
used in the primary measurement. Accurate placement of RFID 
antennas within linear line realized by secondary and primary 
measurement is shown in Figs. 3 and 4.

Fig. 3 Linear line / conveyor 

Fig. 4 Placement of antennas

4.2	Used equipment

·	 Motorola FX7400
·	 RFID tag
·	 middleware Aton OnID v.2
·	 MySQL Enterprise Edition
·	 CRS
·	 postal sorting center
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Fig. 7 Count tags read (sorting line)

In our measurement we again focused on RSSI values, but we 
could not unequivocally confirm the impact of the physical effect 
through the sorting line. Differences in values (Fig. 8) before and 
after the sorting line are minimal.

Fig. 8 RSSI value before/after (sorting line)

6. Conclusion

The aim of this article and also related measurements was to 
demonstrate the effects of selected forms of physical effects which 
the letter item fitted with RFID tag can meet with during the 
transportation. As part of the recorded values we obtained read 
count number and RSSI value. We made two measuring parts, 
first part was before and second after impact of physical effects. 
The difference between these two measuring parts subsequently 
provided the requested data. For the first scale of data (read count 
of RFID tags), the differences were so big that we could clearly, 
for most of their physical effects, confirm the negative effect of 
RFID tag. Despite the large decrease in the read count of each 
tag, these tags still remained powerful and capable of working. 
Within the measurements we compared these with the value of 
RSSI. With this type of measurements, the differences were so 
small that we could not conclude any clear conclusions, since the 
majority of RFID tags quality signal didn´t change significantly 
from the antenna of RFID tag. Therefore, we were able to prove 

pressure. The difference was 1%, 11%, and at a pressure 2%, what 
is negligible.

Fig. 5 Read count value before/after

In the measurement and result evaluation, we evaluated 
a  second parameter which was RSSI (Fig. 6). In terms of the 
measured range we can´t make any justified conclusions, because 
differences in terms of the measured range are quite negligible. 
So we can say that RFID tags mostly maintain its radiation 
properties.

Fig. 6 RSSI value before/after

5.2	Result of damaging of RFID tags in CRS

As in the previous case, again we focused on RSSI value and 
read count (Fig. 7). The most differences were recorded in letter 
mail that passed through the sorting line two times with one and 
three sheets of A4. In this case the value of count read decreased 
by 53% and 70%.  In other cases, we observed a decrease in values 
between 8% and 24%. 
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uniquely only the impact of physical effects in terms of read 
count that was in frost condition (effect after 72 hours) 73%. The 
impact of the sorting line was strongly observed in only two of 
the nine options. Similar results were seen in RSSI value. Based 
on the results of the impact of the sorting line on RFID tag, we 
can only assume that there is a physical effect, but this situation 
probably occurs randomly. Physical effects were acting only once 
on individual tags. In this case we can say, that read count and 
RSSI values were stabled even more by the repeated impact of 
physical effects.
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