
ARCHIVES  OF  ELECTRICAL  ENGINEERING                                                                               VOL. 64(3), pp. 459-470 (2015) 

                DOI 10.2478/aee-2015-0035 
 
 

Interrogation zone determination in HF RFID systems 
with multiplexed antennas*1 

 
PIOTR JANKOWSKI-MIHUŁOWICZ,  MARIUSZ WĘGLARSKI 

 
Rzeszów University of Technology 

Department of Electronic and Communications Systems 
W. Pola 2, 35-959 Rzeszów, Poland 
e-mail: {pjanko/wmar}@prz.edu.pl 

 (Received: 07.08.2014, revised: 12.02.2015) 
 
 

Abstract: The operation of an anti-collision RFID system is characterized by the 
interrogation zone which should be estimated in any direction of 3D space for a group of 
electronic transponders. The interrogation zone should be as large as possible. However, 
the many problems in this area are due to the fact that energy can be transferred to 
transponders only on a limited distance. The greatest flexibility in developing RFID 
applications and shaping the interrogation zone can be achieved using the system with an 
antenna multiplexer. Therefore the problem of the interrogation zone determination in 
HF RFID systems with two orthogonal RWD antennas is presented in the paper. The 
perceived issues have been effectively dealt with and the solution has been proposed on 
the basis of the elaborated model. Conducted studies have been used to develop the 
software tool JankoRFIDmuxHF in the Mathcad environment. The research results are 
analysed in an example system configuration. The specialized measuring stand has been 
used for experimental verification of the identification efficiency. The convergence of the 
measurements and calculations confirms a practical usefulness of the presented concept 
of interrogation zone determination in anti-collision systems. It also shows the practical 
utility of the developed model and software tools. 
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1. Introduction 
 
 The typical RFID single (or anti-collision) system consists of transponder(s), read/write 
device (RWD) and its antenna [1]. The RWD connected to a computer and their software form 
a management centre whereas the electronic transponders are used for marking objects in 
various areas of people’s economical and social activities (e.g. industry, science, medicine, 
logistics, consumer market and many other fields [2, 3]). 
 The HF RFID systems (carrier frequency f0 = 13.56 MHz) operate in the area (ΩID) that is 
characterized by an inhomogeneous magnetic field (expressed by the magnetic field strength 
H) and strong coupling (expressed by the mutual inductance M) between antennas of the 

                                                           
*This is extended version of a paper which was presented at the XI Symposium of Magnetic Measure-
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arrangement components (Fig. 1). The inhomogeneous magnetic field generated in the RWD 
antenna vicinity is a medium for both energy transfer and wireless communication. The 
communication mechanisms in the HF band are implemented in adequate protocols, such as 
ISO/IEC 14443 [4], 15693 [5], 18000-3 [6] and others.  
 

 
Fig. 1. Anti-collision HF RFID system with multiplexed antennas 

 
 The communication process can be activated only when transponders are in the interroga-
tion zone (IZ). It means that the operational capability of RFID systems is characterized by the 
IZ. This parameter covers problems of energy and communication activity with regards to all 
parts of a system arrangement. It also determines and comprehensively describes possibilities 
of an RFID system application in desirable automated processes.  
 From a practical point of view (an effective implementation of an RFID system), the inter-
rogation zone should be as large as possible regardless of the variable location/orientation of 
activated transponders. However, it is not possible to identify all transponders at any point in 
the space ΩID. The most of all these problems are due to the fact that energy can be transferred 
from the RWD to transponders only on a limited distance [1, 7-17]. Additionally, many para-
meters and phenomena describing RFID systems have to be considered in a different way than 
it is in the classical theory valid for typical radio-communication systems. In the HF RFID 
systems, the energy is not transferred (far-field region) but stored in an inhomogeneous 
magnetic field (near-field region). At the present stage of knowledge, it is the main reason 
why the practical implementation of anti-collision identification (many transponders can be 
present in the IZ and simultaneously communicate with the RWD) is restrained especially in 
automated systems operating in dynamic conditions. 
 The IZ maximization is the most effective solution of these problems. It should be noted 
that a lot of issues in this regard remain unresolved at the current stage of the contemporary 
knowledge. For example only the maximal distance (RFID system range) between one-trans-
ponder and the one-RWD antenna centre is considered in common design processes in prac-
tice. Whereas the RFID system range is only the basic parameter describing the interrogation 
zone. Moreover, the IZ should be estimated in any direction of 3D space ΩID for a group of 
electronic transponders. The greatest flexibility in developing RFID applications and shaping 
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the IZ space can be achieved using the RFID system in which a multiplexer (MUX) and more 
than one RWD antenna is applied (Figure 1). Because of this, the authors paid particular 
attention to the problem of energy transfer in the RFID systems with multiplexed antennas that 
is more sophisticated than typical applications (with one RWD antenna). Such a solution is 
used in order to maximize the IZ, especially in automated systems operating in dynamic 
conditions. 
 
 

 
2. Interrogation zone maximization – review 

 
 The problem of IZ maximization consist in increasing the size of space in which the object 
identification process is realised. This definition is related to the RFID system range that is 
defined as the maximal distance between the transponder and the RWD antenna centre (as-
suming that the read/write information to/from transponder’s memory is correct). Therefore, 
this problem should be considered with respect to the range of HF RFID system: the near field 
communication (NFC – operating up to a several centimetres), the proximity range (PR – ope-
rating up to a dozen centimetres), the medium range (MR – operating up to several tens of 
centimetres) and the long range (LR – operating from few dozen centimetres to several 
meters). 
 The HF RWD antennas are made in a form of loop which is small in relation to the wave-
length (for the f0 = 13.56 MHz λ is about 22 m). The antenna loop is typically made as  
a square [8], a rectangle [9], a circle [10] or other polygon [11]. The primary way to enlarge 
the size of IZ consists in conveying more energy to transponders that are freely deployed and 
oriented in the space ΩID. This can be achieved, for example, by only increasing the power 
supplied to RWD antenna terminals. However, it should be noted that the magnetic field 
strength is restricted by ETSI EN 300 330 standard [7] for the HF RFID systems with induc-
tive coupling. So, it is needed to find other methods for solving the considered problem. It 
could be reached by enlarging the size of RWD antenna loop [12]. However, it causes the 
necessity to increase the power across antenna terminals in order to achieve the objective 
pursued. And also a signal-to-noise ratio (S/N) has to be controlled more carefully while data 
from the transponder are being received. Another method consists in redesigning antenna to an 
untypical shape [11, 13] or in modifying its position and orientation in the space [14]. More 
expensive systems are based on multiple RWD devices and their antennas [15]. The costs of 
such a modification are significant, especially in the case of LR devices. As an alternative,  
a gate antenna could be used [16, 17], but it is still not a chip approach and additionally, only 
one space configuration of the inductive loop is usually achievable. 
 The greatest flexibility in improving the IZ parameter can be achieved using the RWD 
with an internal/external MUX and more than one RWD antenna that could be freely positio-
ned in the space. Therefore, a practical problem with two interacting square and orthogonal 
RWD antennas is presented in the paper. The proposed method can be practically used to 
solve many identification problems e.g. in logistic (forwarding mail, materials, articles) [18], 
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at tracking luggage in airports [19], for ski lift access control [20] and many others RFID 
processes where only one RWD antenna is used nowadays. Furthermore, it should be noted 
that the proposed method is optimal for using in anti-collision applications, especially when 
marked objects dynamically change their locations [21]. In the foreseeable future, the pro-
posed solution will allow a broad replacement of currently used barcodes by RFID transpon-
ders that are consistent with the electronic product code (EPC). This author’s activity is to pro-
vide an efficient realization of RFID identification process with regard to fast moving 
consumer goods (FMCG) [2, 22]. 
 This solution has been proposed on the basis of the elaborated model that can be used for 
passive and semi-passive transponders (manufactured as label, ISO card, disk or coin, glass 
tube, plastic housing and other forms). The presented method is suitable for the NFC, PR, MR 
or LR RFID systems. It also can be used for any type of RWD antennas for which the mag-
netic field strength should be calculated. The developed solution can be extended to the IZ 
determination by using the Monte Carlo (MC) method described in [23]. 
 
 
 

3. Model 
 
 The problem to solve is the arrangement of two perpendicular antennas connected to the 
one RWD with the MUX. The antennas have to be switched while marked objects are being 
identified in the inside of a cube of side b (Fig. 2a). The process of energy transfer from the 
RWD to RFID transponders is subjected to the analysis in the study to be carried out. The 
energy is conveyed by the inhomogeneous magnetic field of intensity H (Fig. 2c). 
 In the HF band, the minimum value of magnetic field strength (Hmin) is the basic parameter 
at which the correct data transmission between the RWD and the transponder takes place. The 
analysis of the magnetic field in the space ΩID allows designers to estimate the proper 
boundaries of the space with spatially placed multiple transponders, for the case of designing 
anti-collision RFID system with inductive coupling. 
 The components of magnetic field strength in any spatial point P(x, y, z) for a square 
antenna loop can be calculated from [7]: 
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Fig. 2. Problem of objects identification in the HF RFID systems with two orthogonal RWD antennas:  

a) geometrical model, b) example of a future application - shopping basket with FMCG marked by EPC, 
c) orientation of transponder which is deviated by α and β angles 

 
 

( ) ( )

( ) ( )
,

2

2

2

2

2

2

2

2
4

2/3
22

2
2

2
2/3

2
2

2

2

2

2/3
22

2
2

2
2/3

2
2

2

2

2

yd

zyyax

ax
xd

zayxx

ay

yd

zyyax

ax
xd

zayxx

ayNIH

a

a

a

a

a

a

a

a
RR

z

′

⎥
⎦

⎤
⎢
⎣

⎡
+′−+⎟

⎠
⎞

⎜
⎝
⎛ +

−−
+′

⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛ −+′−

−
+

⎢
⎢
⎢
⎢
⎢

⎣

⎡

+′

⎥
⎦

⎤
⎢
⎣

⎡
+′−+⎟

⎠
⎞

⎜
⎝
⎛ −

+−
+′

⎥
⎦

⎤
⎢
⎣

⎡
+⎟

⎠
⎞

⎜
⎝
⎛ ++′−

+
=

∫∫

∫∫

−−

−−π

 (3) 

where: IR denotes antenna loop current, NR – number of loop turns and a is side length. 
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 The obtained equations (1)-(3) allow designers to calculate values separately for individual 
components in x, y and z directions (Hx, Hy, Hz). The case of an object orientation in the space 
ΩID can be described as a transponder deviation by α and β angles from parallel planes of the 
RWD-transponder antenna loops (Fig. 2c). It means that marked objects are in a chaos state, 
such as in a shopping basket that contains the so-called fast moving consumer goods FMCG 
(Fig. 2b). In this case, a perpendicular component of magnetic field strength for a deviated 
transponder is given by [7]: 

  .)sin()cos()sin()cos()cos( ββαβαβα yxz HHHH ++=  (4) 

 If the condition |Hαβ| ≥ Hmin is met then a transponder is powered correctly and can ex-
change data with RWD. The value of Hαβ should be considered separately for each multi-
plexed antenna and individually for each transponder that is located and oriented in the point 
Pi (where i = 1 ... n, and n denotes the number of considered transponders). It means that the 
condition for correct supplying one of the transponders should be analysed in two steps i.e. the 
Hαβ should be calculated in the point Pi(xi, yi, zi, αi, βi) for the antenna #1, and in the Pi(x’i, y’i, 
z’i, α’i, β’i) for the antenna #2. The coordinates in the system (x’, y’, z’) can be calculated 
from: 
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 It should be emphasized that more antennas and their hypothetic localisations in a space 
can be considered by using the elaborated model. 
 The exemplary location and orientation of n-transponders is analysed in Figure 2a. It is 
difficult to accurately predict the coordinates of the points Pi in a chaos state. In fact, it isn’t 
possible to analyse all potential locations and orientations of a group of n-transponders in the 
inside of a cube of side b. The described problem has a probabilistic nature, and proposed 
solution is obtained by simulating the group of given objects by using the MC method [23, 
24]. Therefore, in this case, the IZ is determined for a given efficiency of identification η: 

  %,100⋅
⋅

=
mn

kη   (6) 

where: k is the number of transponders for which desired read/write operations have been 
properly executed, and m is the number of sampling points Pi of n-transponders. 
 The correct identification of one transponder and for one cycle of multiplexed antennas 
occurs when one of the two conditions is met: a) |Hαβ |  ≥ Hmin or b) |H’αβ |  ≥ Hmin. If the condi-
tions are not met, the transponder cannot be recognized by the RFID system (lack of identifi-
cation).  
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4. Results 
 
A key aim of the study has been to elaborate the numerical model. The utility program called 
JankoRFIDmuxHF has been developed on the basis of this model (Fig. 3). 
 

 
Fig. 3. JankoRFIDmuxHF program 

 
 The essence of the model is represented by the MPLX function (Fig. 4). Input arguments 
for this function are determined on the basis of primary parameters of the HF RFID system 
with two orthogonal and multiplexed RWD antennas. 



          Interrogation zone determination in HF RFID systems with multiplexed antennas    Arch. Elect. Eng. 466 

 
Fig. 4. MPLX procedure with comments 

 
 The JankoRFIDmuxHF program can be used for calculating the identification efficiency 
and the RWD antenna localisations for the given input data. The results of identification pro-
cess are presented graphically along with efficiency effects (correct/incorrect identification).  
A user may select any format of output data for further analysis during preparation of graph 
visualisation e.g. in the OriginPro software. An example of output results is presented in 
Figure 5. 
 The example calculations (m = 200, zID = 0.35 m, b = 0.525 m) are performed for 10-trans-
ponders (Hmin = 0.0794 A/m that means 98 dBμA/m) and two square antennas (a = 0.3 m, 
IR = 1 A, NR = 1) supplied from the RWD with MUX (two antenna inputs). The determined 3D 
IZ is characterized by the cube in which the efficiency η has been calculated.  
 The measured part of the example has been carried out in the laboratory stand that had 
been especially prepared for this aim by the authors (Fig. 6). The two-axis (azimuth/elevation) 
positioner is the main component of the stand and allows any change of spatial orientation 
according to the elements of RFID system [25]. Furthermore, an impact of its parts on the 
magnetic field generated by the antenna of RWD is negligible (plexiglass construction). Its 
spatial and time parameters are fully controlled by the dedicated software application. An 
integration of the positioner with specialized equipment of the author’s RFID laboratory 
allows to measure the impact of dynamic changes in the position of transponders on the 
parameters of the anti-collision identification process for labelled objects. 
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Fig. 5. Example results of interrogation zone determination in calculation process 

 

 
Fig. 6. Test stand in RFID laboratory 

 
 The detailed parameters of the models used in the calculations as an equivalent of RFID 
system components correspond to the parameters of real devices available in the laboratory. 
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The example measurements are performed for 10-transponders Texas Instruments RI-I11-
112A-03 (Hmin = 0.0794 A/m that means 98 dBμA/m) [26], two square antennas Feig ID 
ISC.ANT300/300-A (a = 0.3 m, NR = 1) [27] supplied from RWD Feig ID ISC.LR200 with 
MUX (2 antenna inputs) [28]. A full control over an automatic identification process in the 
field of energy and communication conditions is possible thanks to the rich measuring equip-
ment. The output power of RWD can be adjusted according to the proper RMS value of cur-
rent IR = 1 A (measured by oscilloscope Tektronix DPO71254B with High Frequency Current 
Probe CT1 [29]). The magnetic field is controlled by using the spectrum analyser R&S FSL18 
with near-field probes HZ-11 [30]. The communication process is controlled in the RWD 
software Feig ID ISOStart 2014 version: 09.08.02 and also by using the spectrum analyser 
Tektronix RSA 3408B (frame decoding of the anti-collision sequence – ISO/IEC 15693 
protocol [5]). 
 The marked objects (different-size styrofoam blocks with TI RI-I11-112A-03 trans-
ponders) are placed inside the removable-cube (b = 0.525 m). Similarly as in the calculation 
process, the determined 3D IZ is characterized by the cube of side b in which the efficiency η 
is calculated. However, this measurement process is extremely time-consuming. At the begin-
ning, random settings are drawn for positions of the both axis in the positioner. In the next 
step, the number of recognized transponders k (transponders for which unique identifier UID 
is properly read) is assigned. It is realized in ISOStart software, for a full cycle of multiplexing 
two-antennas. These steps are repeated m-times (m = 200).  
 

Table 1. Example results of identification efficiency 

η, % 
calculation 

Antenna 1 Antenna 2 Antenna 1 & 2
Measurement 

(Antenna 1 & 2) 

44.6 23.2 67.9 65.4 
 
 The results for the identification efficiency of the tested system are compared in Table 1. 
The calculated and measured values (for Antenna 1 & 2 set) are convergent. Additionally, it 
can be noticed that the arrangement of two perpendicular antennas connected to the one RWD 
with the MUX significant improves the identification efficiency (Antenna 1&2 vs. Antenna 1, 
Antenna 2). The points where transponders are not recognized by the considered RFID system 
are well visible in Figure 5. Utilizing obtained results, RFID system designers can seek to 
designate the IZ for a given application. The MC method can be utilized in this process [23]. It 
can be carried out to obtain 100% identification efficiency. The marked objects can both be 
placed in one steady point or their localisation and orientation can be changed dynamically.  
 
 

5. Conclusions 
 
 An effective implementation of an RFID system can be ensured only on the basis of ac-
curate study of operation conditions that can be established in the automatic identification 
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process. In the case of RFID system, it is crucial to determine the IZ parameter that should be 
estimated in any direction of 3D space. This is difficult in anti-collision applications, espe-
cially when marked objects dynamically change their location and orientation in the space.  
A practical example is when marked objects are in a chaos state, just as in a shopping basket 
that contains fast moving consumer goods. In the future, the solution of this problem will 
allow designers a broad replacement of currently used barcodes by RFID transponders that are 
consistent with the electronic product code.  
 The antenna multiplexing is the most flexible method that can be used in order to enlarge 
the IZ of an RFID system. It is also suitable for shaping boundaries of this space. For this 
reason, the problem of the interrogation zone determination in HF RFID systems with two 
orthogonal and multiplexed RWD antennas is presented in the paper. The perceived issues 
have been effectively dealt with and the solution has been proposed on the basis of the 
elaborated model. It should be emphasised that elaborated model can be easily supplemented 
by additional RWD antennas and their localisation in the space can be changed. It can be also 
efficiently adapted to the UHF band and EPC Class 1 Generation 2 protocol. The conducted 
studies have been used to develop the numerical algorithm and the software tool 
JankoRFIDmuxHF. The research results (exemplary calculations and measurements) are 
analysed in details in a one system configuration. Based on the extended results of this 
research, the practical projects are developed in cooperation with industrial companies. The 
convergence of the measurements and calculations confirms a practical usefulness of the 
presented concept of interrogation zone determination in anti-collision HF RFID systems with 
multiplexed antennas. It shows the practical utility of the developed model and software tools. 
 
 
Acknowledgements 
This work was supported in part by the Polish National Centre for Research and Development (NCBR) 
under Grant No. PBS1/A3/3/2012. The work was developed by using the equipment purchased in the 
Operational Program Development of Eastern Poland 2007-2013 of the Priority Axis I Modern 
Economics of Activity I.3 Supporting Innovation under Grant No. POPW.01.03.00-18-012/09-00 and the 
Program of Development of Podkarpacie Province of the European Regional Development Fund under 
Grant No. UDA-RPPK.01.03.00-18-003/10-00. 
 
 
References 
[1] Finkenzeller K., RFID Handbook. 3-rd ed., Wiley (2010). 
[2] Ustundag A., The Value of RFID, Benefits vs. costs. Springer-Verlag (2013). 
[3] Costa C., Antonucci F., Pallottino F., et al., A Review on agri-food supply chain traceability by 

means of RFID technology. Food Bioprocess Technol. 6(2): 353-366 (2013). 
[4] ISO/IEC 14443, Identification cards – Contactless integrated circuit(s) cards – Proximity cards, 

Part 1: Physical characteristics, Part 2: Radio frequency power and signal interface, Part 3: 
Initialization and anticollision. on-line: http://www.iso.org. 

[5] ISO/IEC 15693, Identification cards – Contactless integrated circuit cards – Vicinity cards, Part 1: 
Physical characteristics, Part 2: Air interface and initialization, Part 3: Anti-collision and transmis-
sion protocol. on-line: http://www.iso.org. 

[6] ISO/IEC 18000, Information technology – Radio frequency identification for item management, 
Part 3: Parameters for air interface communications at 13,56 MHz. on-line: http://www.iso.org. 



          Interrogation zone determination in HF RFID systems with multiplexed antennas    Arch. Elect. Eng. 470 

[7] Jankowski-Mihułowicz P., Field conditions of interrogation zone in anticollision radio frequency 
identification systems with inductive coupling. Radio Frequency Identification Fundamentals and 
Applications Bringing Research to Practice, Turcu C. (Ed.), Chapter 1: 1-26, Intech (2010). 

[8] Reinhold C., Scholz P., John W., Hilleringmann U., Efficient antenna design of inductive coupled 
RFID-systems with high power demand. Journal of Communications 2(6): 14-23 (2007). 

[9] Chenxue Xu, Yuxiang Yan, Xiaoming Liu, Design of a long-range rectangular coil antenna for 
RFID access control system. Proc. Int. Conf. Antennas and Propagation, Loughborough, UK, pp. 
420-423 (2013). 

[10] Aerts W., Mulder E.D., Preneel B. et al., Dependence of RFID reader antenna design on read out 
distance.  IEEE Trans. Antennas Propag. 56(12): 3829-3837 (2008). 

[11] D’hoe K., Goemaere J.-P., Stevens N. et al., Automated design of an HF RFID loop antenna based on 
parametric geometry modification. Proc. IEEE Int. Conf. RFID, Orlando, FL, USA, pp. 1-7 (2014). 

[12] Finkenzeller K., Pfeiffer F., Biebl E., Range extension of an ISO/IEC 14443 type a RFID system 
with actively emulating load modulation. Proc. 7th European Workshop on Smart Objects, Systems, 
Technologies and Applications, Dresden, Germany, pp. 1-10 (2011). 

[13] Ahmad M.Y., Mohan A.S., Novel bridge-loop reader for positioning with HF RFID under sparse 
tag grid. IEEE Trans. Ind. Electron. 61(1): 555-566 (2014). 

[14] Soodmand S., Brown T.W.C., Gluhak A., Evaluation of HF band NFC/RFID antennas for smart 
shelf applications. Proc. 7th European Conf. Antennas and Propagation, Gothenburg, Swedish, pp. 
1895-1898 (2013). 

[15] Bouzakis A, Overmeyer L., Simulation analysis for the performance of integrated HF RFID anten-
nas. Proc. 6th UKSim/AMSS European Symp. Computer Modeling and Simulation, Valetta, Malta, 
pp. 391-394 (2012). 

[16] Kawdungta S., Phongcharoenpanich, C., Torrungrueng D., Design of flat spiral rectangular loop gate 
antenna for HF-RFID systems. Proc. Conf. Asia-Pacific Microwave, Macau, China, pp. 1-4 (2008). 

[17] Benelli G., Parrino S., Pozzebon A., Possible configurations and geometries of long range HF RFID 
antenna gates. Proc. 6th Int. Symp. Wireless Communication Systems, Siena, Italy, pp. 46-50 (2009). 

[18] Singh J., Roy S., Montero M., Roesner B., Evaluation of an innovative system for improving re-
adability of passive UHF RFID tags attached to reusable plastic containers. Packag. Technol. Sci., 
24: 137-146 (2012). 

[19] Coughlin M.H., Davis K., Nee A. et al., RFID’s for airport luggage: why the introduction of radio 
frequency identification for tracking and handling luggage in airports faltered. Entrepreneurship 
and Innovation Strategy, Adner R. (Ed.): 1-19 (2010). 

[20] Liard M., Leveraging RFID: the evolution of security and access control. Proc. 11th Annual Conf. 
and Exhib. RFID Journal Live, Orlando, Fla, USA (2013). 

[21] Jankowski-Mihułowicz P., Kalita W., Pawłowicz B., Problem of dynamic change of tags location in 
anticollision RFID systems. Microelctron. Rel. 48(6): pp. 911-918 (2008). 

[22] Zhou Zhigang, Applying RFID to reduce bullwhip effect in a FMCG supply chain. Advances in Compu-
tational Environment Science, Advances in Intelligent and Soft Computing, 142: 193-199 (2012). 

[23] Jankowski-Mihułowicz P., Węglarski M., Determination of 3-dimentional interrogation zone in 
anticollision RFID systems with inductive coupling by using monte carlo method. Acta Physica 
Polonica A, 121(4): 936-940 (2012). 

[24] Rubinstein R.Y., Kroese D.P., Simulation and the Monte Carlo Method. 2-rd Ed.,Wiley-Interscience 
(2007). 

[25] Jankowski-Mihułowicz P., Węglarski M., Laboratory stand for measuring automatic identification 
process parameters in RFID system under conditions of spatial dynamic changes of object 
localization (in Polish). Measurement Automation and Monitoring (PAK) 58(11): 956-958 (2012). 

[26] Texas Instruments, RI-I11-112x-03 Tag-it™ HF-I Plus Transponder Inlays Square, data sheet, 
SCBS824B (2014). 

[27] Feig Electronic, ID ISC.ANT300/300-A, data sheet, M01001-2de-ID-B.DOC (2002). 
[28] Feig Electronic, ID ISC.LR200, data sheet, M00601-4de-ID-B.DOC (2002). 
[29] Tektronix, AC Current Probes CT-1, CT-2, CT-6, data sheet, 60W-12572-0 (1998). 
[30] Rohde&Schwarz, Probe Set HZ-11 for E and H near-field measurements, data sheet (1999). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


