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New technologies have a great influence on the production process in modern fac-
tories. Introducing new techniques and methods is crucial to optimize and enhance the
working of factories. However, ensuring a reliable and correct integration requires com-
plete evaluation and assessment. Developers use RFID systems to develop and implemen
real time solutions to enhance and optimize the production and assembly processes.

In the paper [1] the authors built an RFID based stacking-transport system. The
system was applied on a production line shown in Figure 1. A high frequency RFID
tag was attached to each box. It contained information about its product brand. A
high frequency reader reads tags on coming boxes and sends the product brand in-
formation to a sorting controller which in turn determines where to route the box. A
stacker crane robot stacks forwarded boxes on pallets according to their brand. Pallets
also have RFID tags. At the end of the assembly line another reader that uses another
frequency updates the tag of each pallet, which is now full with boxes, with the new
information about the contained boxes. The paper compares the system to the existing
barcode based systems. The former enhances time management and reduces thi
number of damaged products because it needs no manual scanning of tags. Also, the
memory property allows better management of the products in the warehouse.
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Figure 1. Scene in production line
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The read/write range performance of a RFID system depends mainly on the
choice of frequency, radiated power from the reader, sensitivity and modulation effi-
ciency of a transponder, data rate, reader receiver sensitivity in the presence of self-
jammer signal and location of the transponder TR biggest challenge for the re-
ceiver front-end is to handle leakage from the full power continuous wave (CW) sig-
nal being transmitted during reception to keep the passive transponders powered up.
This calls for the design of a wide dynamic range receiver or a use of some sort of an
isolation approach, or self-jammer cancellation technique. However, the isolation be-
tween transmitting and receiving channels increases the RFID reader cost. Leakage
canceller complicates the reader receiver and adds to the reader’s consumption that is
critical for mobile applications [3], [4].

This paper proposes a new RFID reader based on automatic network analyzers
(ANA) that conventionally has been applied for microwave load’s complex reflection
coefficient measurement [8], [9]. This approach does not require the signal reader
carrier's compensation. ANA based on down conversion of measuring frequency of
multi-port reflectometer ports. The proposed RFID reader block-diagram is shown in
Figure 2.The technique consists in use of MR in combination with down conversion
of measurement frequencihe outputs of measuring ports of MR are connected to
the mixers of frequency conversion unit instead of power meters. After the hetero-
dyning the analogue audio frequency signals proportional to probes responses are
sampled by the data acquisition board (DAB) and entered to computer memory. All
the subsequent processing of the obtained data is performed in the digital form using
the special software.

Figure 2 The block-diagram of proposed ANA based RFID re&@&G are micro-

wave generator and reference gener&tétis multi-port reflectometer; 1, 2, .N,are

measuring ports{ are antennayl are mixersBF are band-pass filterBCU is down
conversion unitpAB is data acquisition boar®C is personal computer.

Here the output digital signals of the DAB are linear functions of the estimated
parametera andb so they may be processed without the loss in signal-to-noise ratio and
parameters of the load under test can be measured with potentially achievable accuracy.
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Let the output signal of thieth probe of MR to be applied to the first input of
corresponding mixer, the sine voltage of the reference generator RG being impressed
at the second. Then the output voltage ofjitlemixer can be represented as a func-
tion of time:

v, =U, codalt+¢, )icof(« -V)t] =

05U j{cos(l/ d+¢, )+ cos{(Zw— vi+g,
whereU;, ¢; are unknown amplitude and phase of the microwave signal ijttthe
measuring port of MR respectively; is the known frequency of the microwave sig-
nal; Aw is the difference between the frequencies of the main G and reference RG
generatorsN is the number of measuring ports of MR.

The band-pass filter extracts only low frequency component of the sj@fjal

9,(t)=U codvit+g )+¢& . i=1,2,..N )
whered is the measurement error at jit channel. After the analogue-to-digital con-
verter of the DAB the S|gna1§are digitized forming thBl series each d&f samples:

I (t)=9, =U, [codv [KIT+¢ )+¢,, (=1,2,..N; k=1,2,..K) ©)
wherer is the samplmg period (the time between two sequential samples in one se-
ries); k is the sample number in the series (in eadd wfeasuring channels the series
of K digital samples is obtained).

The problem is to determine the estimates of unknown paraneetersb us-
ing the digital voltage measuremenjs (3). It is well-known [5] that the complex
amplitude of thg-th MR port responsg, is related to complex amplitudes of incident
b and reflectec waves with the equation

y= A [a+ Bj [b+Ej, ji=1,2,..N 4)
where A, B, are known complex gains of th¢h channel for incident and reflected
waves respectively found after the calibration procediiis;the error of measurement
of u. The responses of MTLR have the same form (4), but the magnitudes of coeffi-
cients /|=Bj| and phase differenceg=arg(B/A) are implied to be exactly known.
Thus, if the estimates of complex amplitudpsre known one can calculate the esti-
mates of parametessandb characterizing the termination under test. Therefore, the first
stage of processing of the dsjaobtained from the measuring ports should be aimed at
estimation of complex amplitudes After the variable substitution

]},j:l,2,...N )

y,=U,codp,) [x, =codykir)
,(=1,2,..N; k=1,2,...
{Zi :Uj Sin(¢j )’ {sz = _Sin(V k H)a (J N K) (5)
the set (3) can be rewritten in the form:
Yk:yj[)gk+zj[xzk+éjk' (6)

It is quite natural to assume that the frequency differ&aceemains constant during

the measurement periéd. That is why all the parametetsy, x;x andxy implied to

be known in every measurement. And the ertpreccur largely owing to the ther-

mal noise of matching amplifiers of the DAB hence they may be considered as the
independent sample of the normal random process with zero mathematical expecta-
tion and unknown fixed varianeg. It is evident from (5) that unknown valuesypf
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andz are real and imaginary components respectively of corresponding complex am-
plitudesy;. The estimates of these components can be determined from the linear set
(6) using the maximum likelihood (ML) method. If the assumptions made about er-
rors &y are true the named method consists in solution of (6) by the least square (LS)
procedure. Thus, the estimates/aindz are calculated from the expression

G, =(x7x)*(xv,),j=1,2,..N @)
whered; = (S/J 2 )T is the vector of corresponding estimate]s,t( Vi) ) is the vec-

tor consisting oK samples of voltage in tfi¢h channel! and™ deS|gnate the operations
of matrix transpose and inversion respectivilig the matrix of design of experiment

XT{& Xp o XlK}
X21 X22 XZK
After all the estimatesy; u 2;, are found it is easy to form the estimates of

complex amplitudesi,

=U, lexdilg;}= 9, +il2, 8)

wherei is the unit vector determining the direction of imaginary axis on a complex
plane (unit imaginary number). Since the ergsire normally distributed and inde-
pendent then the real and imaginary parts of edidfrem the set (4) will be distri-
buted normally as well. Substituting estimatesidfom (8) to (4) one can get the set
of equations to be solved for unknown variatdesndb which is similar to the set
(6). The only difference between (4) and (6) is that all the parameters in the first set
are complex. It is known [6] that the optimal estimates of unknown parameters can be
obtained from the solution of (4) by the ML method consisting in calculation the LS
estimates provided the err@isbeing normally distributed

For the sake of simplicity the set Nfcomplex equations is transformed into
equalent set of 2 real ones.

y= Red) Red— hA) ihd+ REB JRdb)- In{B, Jinfb) +Relz ).~
7= '(T‘A) Reg + R@*A) g+ REB )REb) +Re(B Jmp)+im(z, ) ©

where Re(..) and Im(..) are real and imaginary components of a complexjvallgL
But componenty; andz are not independent. In such a case the solution of (9)
is determined by the weighted ML procedure [6]:

T=(HTWH) (HTWZ)
whereT=[Re(), Im(@), Rep), Im(b)]" is the vector of unknown parameters to be es-
timated; Z = (‘y,‘;,_, A )T are corresponding estimates; HNE2) and W (&Ix2N)
are the matrix of design of experiment and covariance matrix of vector Z respectively
Re(A) -im(A) ReB) -Im(B)
Im(A) Re(A) Im(B,) RG(B) W= diadC C,...C)
Re(AN) Re(B ) - ©oe=(xTx)
Im(A, ) Re(Aw) Im(B, ) Re(BN)
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andC is the covariance matrix (2x2) of vectarsiefined from (8).

After the estimates &, b have been found from (9), (10) one can easily calcu-
late the CRC of the load under tgsta/b. It is important to notice that all the opera-
tions performed with primary data (voltaggg are linear up to the very last step of
calculation of CRC. Hence there were no losses in measuring accuracy caused by
"non-optimal" processing of the data obtained. The advantages of the proposed ANA
are considered in [7].

The authors carried out the computer simulation of the measurement procedure us-
ing the proposed new ANA with four measuring ports. For this purpose the special soft-
ware package for optimal estimation of load under test parameters using the processing of
sampled output voltages of the measuring channels by the ML method was developed.

The dependence of measurement accuracy characterising by the mean squared er:
ror upon the signal-to-noise ratio (SNR) at the outputs of ANA's measuring ports is
searched. The MR gaim, B; are implied to be exactly known. SNR is equab¥e?,
whered” is errord variance in model (6). The measuring process was simulated for the
various values of voltage standing wave ration (VSWR) of the load under test. For every
specified value of SNR as well as VSWR 10000 simulation measurement experiments
of magnitude and phase estimation of the device under test were carried out. After that
the mean square error is calculated Figure 3 shows some typical results of simulation
presenting the dependences of mean square estimation error of CRC magnitude and
phase on SNR at ports outputs for the different values of VSWR of the tested loads. As it
can be seen from the curves, the systematic errors of estimation are absent confirming
the theoretical conclusion of the precise potential accuracy of the suggested ANA.
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Figure 3. The dependencies of mean squared errors of magnitude estimators on the
power SNR for different VSWR
The suggested approach permits the authors to obtain the potentially achievable
accuracy of measurements. In addition the necessary amount of precise equipment is
drastically dwindled in comparison with conventional ANA based on vector voltme-
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ter. Actually, all directional couplers and precision analogue processing circuits are
eliminated. Finally, there is no need in large set of precision calibration standards be-
cause the proposed ANA can be calibrated using only the set of loads with unknown
reflection parameters.

ANA based RFID readatoes not suppress spurious signals reflected from the
antenna and penetrating the blocking signal from transmitter, and performs conver-
sion of direct additive unlike existing solutionsfter that measure amplitude and
phase information signarherefore, the requirements for methods of modulating the
reflected signal tag can be reduced. This leads to a reduction in the cost of tag.

Basing on the above the authors put forward the idea that the proposed ANA
based reader of the RFID system may be very promising for use in sorting and stack-
ing production lines.
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