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Evaluation of Detection Range of an Active RFID in
Outdoor Environment Using Receiver Diversity with
Maximal Ratio Combining

S. P. Majumder and Khalid Mahmud

Abstract—An analytic approach is presented to evaluate the
Bit Error Rate (BER) and detection range of an active RFID
network using space diversity technique both at the reader and
the tag receiver. The analysis is carried out with battery
powered Application Specific Integrated Circuit (ASIC) type
RFID tags for a UWB system with different up-link and
down-link frequency ranges. Single Input Multiple Output
(SIMO) configuration is used to communicate between the
reader and the tag. Maximal Ratio Combining (MRC)
technique is used for diversity reception. BPSK, QPSK and
M-ary PSK (MPSK) are considered with coherent
demodulation to evaluate the BER performance. The results are
numerically evaluated and it is found that with the application
of the receiver diversity there are significant improvements in
BER performance and the maximum detection range achieved
with 5 receiving antennas is 920m at the BER of 10%, The
maximum improvement in detection range at the same BER
with same number of receiving antenna is found to be 361.10m.
The analyzed approach gives a clear insight regarding the
interrelationship between BER, detection ranges,reader
received power, number of receiving antenna, order of
modulation and detection range improvement and has given
improved performance in detecting tag at a comparatively
longer distance in outdoor non line of sight (NLOS)
environment.

Index Terms—Active RFID, ASIC, BER,
modulation order, MPSK, MRC, read range.

duplexer,

I. INTRODUCTION

Radio Frequency ldentification (RFID) is a wireless data
communication technology, which uses Radio Frequency
(RF) wave for the communication between the reader and the
tag. The data carrying device is called a tag or a transponder.
A reader or an interrogator is used to read and write the tag's
information [1]. RFID systems are mainly classified as active,
semi-active and passive systems depending on whether the
tags are powered up by their own power supply or by the RF
energy provided by the interrogating signal [2]. An active
RFID system uses an internal battery within the tag to
continuously power up the tag and its RF communication
circuitry. As such, it only requires very low-level signals to
be transmitted to the reader. A semi-active tag also contains a
battery, but the battery is used only to energize the chip.
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Unlike the active RFID it does not amplify the signal. Passive
RFID tags, on the other hand, have no internal power supply
and, therefore, can be much smaller and have an unlimited
life span [3]. Passive tags can themselves be classified as
chipped and chipless tags and are restricted to relatively small
distances to the reader. Passive tags with chips are basically
the conventional Application Specific Integrated Circuit
(ASIC) RFID tags. Passive tags without chips which is
otherwise known as chipless RFID, are attractive because of
their low cost and their ability to function at extreme
temperature and radiation level [4]. RFID offers NLOS, long
distance and all weather reading with the data carrying
capacity larger than an optical barcode can offer. Over the
past few years this massively expanding technology have
drawn considerable attention in the microwave community
due to its use in a diversity of applications namely
communication, ticketing, transportation, logistics, tracking,
Inventory management, human identification, security, retail
stock management, parking access control, toll collection,
healthcare , etc. [5].

To the authors’ best knowledge, the frequency division
active tags [6] are yet to be widely analyzed for long range
(1000m and above) detection. Therefore in this paper an
analytic approach is presented to evaluate the detection range
of an active RFID in outdoor environment using receiver
diversity both in the reader and the tag using MRC for
Rayleigh fading over the channels. Results are evaluated
numerically for different environment using BPSK, QPSK
and MPSK modulation scheme and improvements in
detection range is evaluated for different diversity conditions.
The background and related workshave been explained in
Section I1, the system model has been explained in Section 111,
the analysis part is explained in Section IV, in Section V the
results are discussed and finally in Section VI concluding
remarks are added along with the scopes of future
developments.

Il. RELATED WORKS

Since an active RFID tag involves the incorporation of
power sources with the passive one, the significance of the
researches and other developments carried out for the
improvements of detection range of passive RFID tags are
equally applicable for the active one. Battery-powered active
tag typically has a detection range of 300 feet (100m) while
the passive one has detection range less than 50m [7], [8].
Some of the significant research works that involves
improvement of the detection range of the RFID system are
given below:
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In reference [9] the range of the ultra-wideband
transmission system has been improved using rake receiver
where the transmitter to receiver distance (Round trip
distance) is found to be less than 100m. In [10] a detection
range of 60m was achieved using bi-static backscatter radio
architecture with the carrier emitter placed at the center of the
Backscatter Sensor Network (BSN) “cell” and tags located
around it. However, in the experiment each tag was powered
up by a low-cost photovoltaic cell that consumed 0.5mW of
power. Another Surface Acoustic Wave (SAW) based tag
detection technique is introduced in [11] where a maximum
detectionrange of 30m could be achieved. In [12] wireless
measurement of various physical quantities from the analysis
of the RADAR Cross Sections (RCS) variability of passive
electromagnetic sensors have been presented where a
maximum detection range of 30m is achieved. In [13] a
general model for UWB channels has been presented that is
valid for the high frequency range (3GHz-10 GHz) in a
number of different environments as well as for the frequency
where the maximum distance achieved is about 28m. In [14]
a very comprehensive study has been done regarding the
detection range of chipless RFID, although the maximum
range repeatedly acknowledged here remained below 10m.

The system is composed of a reader (Interrogator) and a
battery powered ASIC type active tag (Active sensor tag)
each equipped with an antenna serving the purpose of both
transmitter and receiver simultaneously with the help of
duplexers (An antenna duplexer or RF duplexer is a unit that
can be used to enable more than one transmitter and receiver
to operate on a single RF antenna [15]) as shown in Fig. 1.
During the up-link transmission when the interrogation signal
from the reader reaches the active tag, it is received using the
receiving antennas of the tag and propagates further on
towards the battery powered ASIC, attached to the tag. The
ASIC encodes data bits introducing attenuation and phase
jumps at particular frequencies of the spectrum. After passing
through the ASIC, the signal containing the unique spectral
signature of the tag is transmitted back to the reader receivers
during the down-link transmission.
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Fig. 1. System model.
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In the transmitter section of Fig. 2, the interrogator signal
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passes through a band pass filter (BPF) which acts as an input
band limiting device. The band limited signal then goes
through an up-converter which converts the frequency of the
interrogating signal to a suitable frequency. The
up-converted signal is then passed through the high power
amplifier (HPA) that amplifies the modulated RF carrier to a
suitable level [16]. On the receiver section of Fig. 2, the
reader receives the low-level modulated RF carrier in the
down-link frequency spectrum. The low noise amplifier
(LNA) is used to amplify the weak received band limited
signals and improve the signal to noise ratio (SNR). RF is
then re-converted to IF by the down-converter. The
demodulator estimates which of the possible symbols were
transmitted based on observation [17].

(Transmitter Up-eonveries P <//>
|"> mgll:)mr BPF | Duplexer
Interrogator L0c-a1
sighial oscillator
\_ J/
. . )
Recerver pown-converter
Data | | Demodulator IF RF
out f{oesk)  [S[BPF @ =
Local @
oscillator
\_ /

Fig. 2. Transmitter/receiver block diagram.

After obtaining independently faded sighal components at
the output of the demodulators, MRC technique is used to
combine these signal components for transmitted symbol
detection. In MRC each signal branch is multiplied by a
weight factor that is proportional to the signal amplitude.
That is, branches with strong signals are further amplified,
while weak signals are attenuated. If we consider a
transmission of a digital modulated signal x(t) over flat slow
Rayleigh fading channels using coherent demodulation with
Lth order diversity. The received component from the lth
diversity channel is expressed as below:

n(8) = a;(t) exp[j 6,()]x(t) + wy(8), 1=1,2,3

@D

Here, w;(t) is assumed to be the Additive White Gaussian
Noise (AWGN). In MRC, the combining technique assumes
that the receiver is able to accurately estimate the amplitude
fading a;(t) and carrier phase distortion 8,(t) for each
diversity channel. With the knowledge of complex channel
gains, a;(t)e/%1®, |1=1, 2, ..., L, the receiver coherently
demodulates the received signal from each branch. The phase
distortion 6,(t) of the received signal is removed from the Ith
branch by multiplying the signal component by e=/91®_ The
coherently detected signal is then weighted by the
corresponding amplitude gain, a;(t). The weighted received
signals from all the L branches are then summed together and
applied to the decision device to achieve the best
performance [18]. Fig. 3 shows an example of the application
of MRC technique in the reader receiver. Same diversity
technique is applicable for the tag receiver.
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Fig. 3. Diversity reception with maximal ratio combining.

IV. ANALYSIS

Since transmission and reception is being done by separate
up-link and down-link frequencies the analysis is therefore
carried out in two steps (Up-link and Down-link). During
up-link the reader acts as the transmitter while the tag acts as
the receiver and during down-link transmission the tag acts as
the transmitter and the reader acts as the receiver. Details are
given below:

The transmitted signal from reader and tag for up-link
transmission in case of a coherent MPSK modulation can be
expressed as below [19]:

s;(t) = A(t) cos[2mf .t + 6;(t)],

0<t<T,i=12-+M 2

Here, A(t) is the amplitude and 6;(t) is the carrier phase
distortion, and ;= -m. M is chosen as a power of 2

(ie, M =2"0rn = logzM) . In case of M < 4 it is more
appropriate to apply BPSK/QPSK modulation technigue.
Hence the transmitted signal in case of both coherent BPSK
and QPSK modulation can be expressed as below [20]:

s(t) = A(t) cos[2mf .t + @(t)], 0<t<T (3)

Here, A(t) is the amplitude and ¢(t) is the phase of the
modulated signal. for BPSK, ¢(t) = +mand for QPSK,
()=t % + 37” The signal received by reader/tag receiver is
given by:

r(t) = s;()®g(t) +n(t)

r() = s(O®g(®) +n(t) @)

The generalized expression of the signal received by the
reader/tag receiver with j — th antenna in case of MPSK,
BPSK or QPSK is given by:

y; (&) = r(©)®h;(t) + no(t)

=s(®)®gt)®h;(t) + n(t) (®)

The output of the maximal ratio combiner is [21]:

Vo) = D" yjo®h; (©) +no()
J=
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=3 sO®g () X (2] +ne®+n®) ()

g@®)Includes the effect of channel gain coefficient and
h;(t) is the channel gain for the tag to j — th receiver.
Frequency dependent path gain, g(t) in a UWB environment
neglecting the interdependence between the direction of the
radiation and the directivity of the antennas for up-link
transmission is expressed as follows [13]:

Pry,
G(f)U/L = P =
TX,rdr
f —2(k+1)
=2 %, ™
2 * Go * Nrx;rarNrx,tag * ANt
&)

Here, fuinu, = Minimum  frequency for up-link
transmission, faxu/, = Maximum frequency for up-link
transmission, BW,,,;, = Band Width for up-link transmission,
feu.= Reference frequency for up-link transmission, d =

Distance in meter, d, = Reference distance, Pry -4 = Reader

transmit power, G(f)y,, = Path gain=—f%4%¢ p, . = Tag
PTXrdr ’

receive power, G, = Path loss in reference distance in dB,
Nrxrar = RE2Mer antenna transmit efficiency, ngx g = Tag
antenna receive efficiency, k = Decaying factor and n = Path
loss exponent. By furnishing all the necessary data in
equation 7, Pry.qq is calculated. Thereafter, Prypm tag IS
calculated using the formula Prgpmtaq =30+ 10 X
log10(Pgx taq)- The conditional bit error probabilities for an
MPSK, BPSK and QPSK system are given as follows [19]:

EptaglogM  m
Pb,tag()’)M = log,M -erfc- a"}vismﬁ
2 0
1 Eb ,tag
P =—-
b,tag(y)B 2 erfc NO (8)
1 Ey,
Pbtag(y)Q —_ -erfc- Nag
0
Here Energy pet bit, Ep ;g = Prxtag X Tpus - The

subscriptions M, B and Q denotes MPSK, BPSK and QPSK
modulation scheme respectively. By furnishing the data in
equation 8, Py, .qq(y) is calculated. Probability density
function in a Rayleigh fading environment using MRC
technique is given below [18]:

Y
Yctag

yLl=1xexp ( )
(L—l)!xyé:mg

Pr,tag ) = (9)

Here the average SNR per bit in each diversity channel,
_ PrxtagXTpPu/L

. , L = Number of receiving antenna,
0

Yetag =

Time gap between two adjacent pulses, Tp ;/;, = ——, Noise

power spectral density, No=K XT XF, K = Boltzmann
constant , T = Room temperature, F = Noise figure and y =
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Overall signal to noise ratio. By furnishing the data in
equation 9,P, ;,4(y) is calculated. The average BER with
Rayleigh fading over the channels with diversity can be
expressed as follows:

BER(tag)M = J- Pb,tag(]/)M : Pr,tag(]/)dx
0

BER(tag)B = f Pb,tag rE Pr,tag (]/)dx (10)
0

BER(tag)Q = J- Pb,tag(]/)Q : Pr,tag(y)dx
0

The analysis carried out for down-link transmission is
exactly similar to that followed in case of the up-link
transmission with only one exception in regards to the
operating mode of the tag which in this case acts as
transmitter while the reader taking over the role of the
receiver. Details are given below:

_ PRX,rdr

G(fpy =

P TX tag

(fLC)—z(kH)

= 2 *Go * Nrx tagNrx,rar * W (11)

do

Here, fuinp, = Minimum frequency for down-link
transmission, fyqx,p,, = Maximum frequency for down-link
transmission, BWj,, = Band width for down-link
transmission, f.,, = Reference frequency for down-link

transmission, d = Distance in meter, d, = Reference distance,

. . P
Pry tag = Tag transmit power, G(f)p/,= Path galnzﬁ,

Prpx rqr = Reader received power, G, = Path loss in the
reference distance in dB, nrxtqqs = Tag antenna transmit
efficiency, nrx rqr = Reader antenna receive efficiency, k =
Decaying factor and n = Path loss exponent. By furnishing
all the necessary data in equation 11, Pryx .4, is calculated.
Thereafter,  Prgpmrar 1S  calculated  using  the
formula  Prgpmrar = 30 + 10 X log10(Prx rar) The
conditional bit error probability for an MPSK, BPSK and
QPSK system are given as follows:

1 Eb,rdrl(]gZM .

log, M erfc N, sin o
1 Eb, d-

Pprar(V)p = 2 erfc: Nr -
,’ 0

1 Eb, d

Pb,rdr(V)Q = 2 erfc- %
,’ 0

Here Energy pet bit, Ej 4 = Prxrar X Tpp/ - BY
furnishing the data in equation 12, Py .4, (y) is calculated.
Probability density function in a Rayleigh fading
environment using MRC technique is given as follows:

Py rar Wu =

(12)

(v
yL_l X exp <yc,rdr>
L—-DIxvha

Pr,rdr (Y) = (13)
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Here the average SNR per bit in each diversity channel,

P XT, .. .
crar = %{)PM , L = Receiving antenna, Time gap

between two adjacent pulse, Tp p/; = ﬁ Noise power
D/L

spectral density, Ny = K X T X F, K = Boltzmann constant ,
T = Room temperature, F = Noise figure and y = Overall
signal to noise ratio. By furnishing the data in equation 13,
P, ar(y) is calculated. The average BER with Rayleigh
fading over the channels with diversity can be expressed as
follows:

BER(rdr)M = f Pb,rdr(y)M : Pr,rdr(y)dx
0

BER(rdr)B = J. Pyrar(¥)g * Pr,rdr(y)dx (14)
0

BER(rdr)Q = f Pb,rdr(y)Q : Pr,rdr(}/)dx
0

The total BER is calculated form the BER values of the
reader and tag found out in equation 10 and equation 14.

1

BERy = E ' [BER(rdr)M + BER(tag)M]
1

BER ==+ [BERrars + BER tag)s] (15)
1

V. RESULTS AND DISCUSSION

In the outdoor environments with a good number of
propagation obstacles in between, the delay spread is
expected to remain small compared to other environments.
For up-link transmission, we assumed, Prx,q, = 0.5W
(fixed), Other parameters are assumed as, fminu/ = 3GHZ,
fmax,U/L = 6GHZ, fc,U/L = SGHZ, BWU/L = SOOMHZ, GOZ
—50dB, do=1m, Nrxrar = 0.80, Ngx,tag= 0.20, n = 1.58
and k = 0. For down-link transmission, we assumed Pry q4
= 1mW , other parameters are assumed as, fminp/. =
868MHZ, fmax,D/L: 915MHZ, fC,D/L = SOOMZ, BWD/L =
100KHz, Gy = —=50dB, do= 1m, Nrxtag = 0.80, Npx rar=
0.20, n = 158, and k = 0. The parameters for up-link
transmission have already been used in previous analysis in a
research work and have been accepted as standardized model
by IEEE 802.15.4a [13] and the parameters for down-link
transmission in case of an active tag is taken from GAO
RFID inc(GAO RFID Inc. has established itself as one of
world's most influential suppliers of RFID products,
including RFID tags, readers and software, as well as
integrated solutions for various vertical markets) which is
already in mass production (Active RFID UHF Beacon Tag
137001) [22] and carrying reputed entity in different fields of
RFID. Following the analysis presented in section 1V, the
BER performance of an RFID network is evaluated
numerically with respect to many other parameters for read
range improvement. Details are described in the succeeding
paragraphs:

A. Fixed Transmit Power of Reader and Tag

The plots of BER versus power received by the reader
receiver are shown in Fig. 4, for outdoor NLOS environment
with diversity in the reader and tag receiver. It is noticed that
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the receiver sensitivity at a given BER improves (Received
power decreases) with the increase of the number of
receiving antenna at a given transmit power level. It is further
noticed that at a fixed number of receiving antenna BER
decreases with the increase of received power. Analysis is
carried out with both BPSK and QPSK modulation technique
and similar results are found for both of them (For similar bit
error probability as shown in equation 8 and 12).

10
—L=1
---L=2
5 s —L=3
10° e T~ o, L=4
......... =5
[
w10
o
16"l Reader Tx Power=0.50W
Tag Tx Power=1mw
1™ L=quber of regeiving antgnna

Ci0 @8 98  ©4 @ = -0
Received Power, (dBm)

Fig. 4. BER versus tag received power Py (dBm).

Fig. 5 depicts the plots of BER versus distance achieved by
an active RFID system in outdoor NLOS environment for
different receive antenna diversity. From the plot it is clear
that the BER increases with the increase of distance for a
given number of antennas. It is further noticed that as the
number of receiving antenna in increased, the achievable
distance is increased at the same BER.

10
—L=1
10°
i 10"
o
107"® Reader Tx Power=0.50W
Tag Tx Power=1m\W
1ol L=Numbet of receiving antenna
400 600 80O

7000 7400
Distance, d(m)

Fig. 5. BER versus distance,d (m).
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Both the results achieved from Fig. 4 and Fig. 5 are
elaborately furnished in Table | for different number of
receiving antenna with fixed transmit power applied in the
reader and the tag, where it is found that there is a significant
improvement in achievable distance and receiver sensitivity
with the increase of the number of the receiver antenna.

Fig. 6 shows the plots of reader received power Pry reader
versus number of receiving antenna, L. Here it is shown that
the reader received power decreases (receiver sensitivity
improves) with the increase of the number of receiving
antenna. It is further noticed that for a particular number of
receiving antenna received power increases (receiver
sensitivity decreases) with the decreases of BER

Fig. 7 shows the plots of distance, d(m) versus number of
receiving antenna L. Here it is shown that the detection
distance of the reader increases with the increase of the
number of receiving antenna. It is further noticed that for a
particular number of receiving antenna detection range
increases with the increase of BER.
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TABLE |: RECEIVER SENSITIVITY AND DISTANCE AT A GIVEN BER WITH
FIXED TRANSMIT POWER AND DIFFERENT NUMBER OF ANTENNA
(OuTDOOR NLOS ENVIRONMENT, BPSK/QPSK)

Received Power in dBm for Different L

BER L=1 L=2 L=3 L=4 L=5
107°8 9428 -9568 -96.39 -97.07 -97.72
10719 -93.08 -9443 -9508 -9571 -96.33
1072 9211 -9343 -9401 -9459 -95.17
1074 9131 -9259 -93.12 -9365 -94.19
10~ -90.62 -91.88 -92.35 -92.84 -93.33
10~ -90.01 -91.25 -91.69 -92.12 -92.60
Distance in meter for Different L
BER L=1 L=2 L=3 L=4 L=5
107°8 55030 684.90 758.10 839.50 920.40
1071% 468.10 571.80 626.30 686.60 752.30
10712 407.30 49340 536.10 58540 636.30
107'* 362.10 437.10 471.00 509.10 550.40
1071 326.90 393.40 42150 452.60 486.90
10718 29940 359.20 382.30 408.40 436.50
Pbc,reader='5W

Received Power, PRx(dBM)

a8
0,

2 3 4 5
Number of Receiving Antenna, L
Fig. 6. Received power, Pryx(dBm)versus no of receiving antenna, L.
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-
o o
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4007

300 2 3 4 5
Number of Receiving Antenna, L
Fig. 7. Distance, d(m) versus no of receiving antenna, L.

Fig. 8 shows the plots of improvement of reader received
power versus number of receiving antenna. Here gradual
improvement of received power is noticed with the gradual
increment of the number of receiving antennas. Besides, at a
particular number of receiving antenna the magnitude of the
improvement in received power seems to be more significant
at higher BER.

Fig. 9 shows the plots of improvement of distance versus
number of receiving antenna. This figure clearly shows that
the improvement is more with more number of receiving
antennas and the improvement is more significant at higher
BER.

The values of the received power are plotted in Fig. 10 as a
function of number of reader antenna, L for a specific value
of BER ( 10719 ) for different values of M (M =
8,16,32,64,128). From this plot two significant features can
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be deduced. Firstly the value of the received power decreases
(receiver sensitivity increases) with the increase of the
receiver antenna and received power increases (receiver
sensitivity decreases) as the modulation order is increased for
a particular number of receiving antenna.

3.5
T ¥ .
-
S 25
g
o
2.
= —BER=10""%
g 1.5 ---BER=10"""
g , —BER=10""2
g I — -14
s BER=10
E o5 P tag™ 1MW ~~BER=10"%
. ‘ -+"BER=10"%
1 2 3 4 5
Number of Receiving Antenna, L
Fig. 8. Improvement in received power Pgy(dBm) versus, L.

2 4
Number of Receiving Antenna, L
Fig. 9. Improvement in distance, d(m) versus no of receiving antenna, L.
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B M=128
80k e, J

Received Power, P,,.(dBrm)

2 3 4
Number of receiving antenna, L
Fig. 10. Received power, Pry(dBm) versus no of receiving antenna, L.

The achievable values of the distance are also plotted in
Fig. 11 as a function of number of reader receiver antenna, L
for a specific value of BER (10719) for different values of
M(M = 8,16,32,64,128). From the analysis it is noticed
that, achievable distance is however smaller for higher values
of M and bigger for lower values of M. This is because
higher-order modulations (i.e. large) are more spectrally
efficient but less power efficient (i.e. BER higher) [23].

Both the results achieved from Fig. 10 and Fig. 11 are
elaborately furnished in Table Il for different number of
receiving antenna with a fixed transmit power, where it is
found that there is a significant decrease in achievable
distance and receiver sensitivity with the increase of the
number of the modulation order. However the findings are
very important since higher order modulation improves

spectral efficiency allowing substantial

handling capacity.

uplift in

=]

=0.50W

450 TX, reader
400} Pmbag—1mw

360

w
2
=]

Distance,(m)

2 3 :1
Number of receiving antenna, L
Fig. 11. Distance, d(m) versus no of receiving antenna, L.

data

TABLE Il: RECEIVER SENSITIVITY AND DISTANCE FOR DIFFERENT
WITH FIXED TRANSMITTER

MODULATION ORDER AT A GIVEN BER OF 10

-10

AND RECEIVER POWER AND DIFFERENT NUMBER OF ANTENNAS

Received Power in dBm for Different L
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BER L=1 L=2 L=3 L=4 L=5
M= -90.01 -90.83 -91.68 -9253 -93.39
M =16 -86.08 -87.30 -88.67 -90.40 -91.41
M =32 -81.84 -83.69 -85.79 -87.96 -89.92
M =62 -7759 -80.27 -8351 -86.56 -89.13
M =128 -73.46 -77.39 -8197 -85.88 -88.72
Distance in meter for Different L
BER L=1 L=2 L=3 L=4 L=5
M=8 299.50 337.60 38220 43350 489.90
M =16 168.50 201.60 24590 301.30 366.60
M =32 91.44 119.60 162.30 222.60 296.60
M =62 49.09 73.20 11590 181.90 263.90
M =128 2717 47.89 92.76 164.40 250.00
Finally, Fig. 12 depicts the plots of maximum allowable

distance for different diversity scheme. Results obtained
from these plots provides an at a glance idea regarding the
maximum read range at different BER at different number of
antennas that helps in choosing the appropriate optionfor the
appropriate requirement. Here it is noticed that a maximum
distance of 920.40m is achieved at the BER of 107°8 using
5 receiving antenna. The improvement achieved from 1
receiving antenna to 5 receiving antenna appears to be
361.10m at the same BER.

B. Fixed Reader and Variable Tag Transmit Power

The plots of BER versus distance for outdoor environment
with 5 receiving antenna are shown in Fig. 13, with transmit
power as a parameter. The plots indicate that for a given
transmit power the BER increases as the distance is increased.
It further indicates that for a given distance the value of BER
decreases (BER improves) with the increase of transmitted
power.

The plots shown in Fig. 14 indicate the achievable distance
for a given BER as a function of transmit power. These plots
clearly indicate that the maximum achievable distance is
however lower at lower BER. The plots further reveals that
for a fixed transmit power achievable distance improves as
the BER increases.

C. Comparison with Existing Research Works/Products
The maximum achievable detection range analytically
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evaluated in the proposed systm as discussed in Section V of
this paper is 920.40m at the BER of 10798, To the authors
best knowledge a research work obtaining such long
detection range has not been done yet. The application of
space diversity with MRC makes the overall procedure
simple, straightforward and easy to implement. Besides most
of the active RFID tags practically available in the market
today have detection distance lower than that evaluated in
this paper. A comparative study, shown in Table Il reveals
the fact [22], [24]-[26].

BER
Fig. 12. Distance, d(m) versus no of receiving antenna, L.
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TABLE IlI: SOME ACTIVE TAGS WITH THEIR COUNTRY OF ORIGIN
Brand

Company of Origin  Detection range

Onmi-ID Active Tag USA 400m
GAO RFID tag 127004 USA & Canada 100m
Wavetreand-Tag (TGP) UK 100m
GSIT Chania (Mainland) 100m
Nexgo Chania (Mainland) 80m
TZONE Chania (Mainland) 50m
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VI.

A low-cost architecture and a simple analysis method for
detecting ASIC-based active RFID tags in UWB for outdoor
NLOS environment using MRC technique is presented. It is
found that the detection range can be increased significantly
by increasing the number of receiving antenna at the reader
receiver without increasing the transmit power. The
introduction of BPSK, QPSK and MPSK modulation scheme
with different spectral efficiency has provided additional
option for handling more data with compromised detection
range. RFID technology is still evoking plenty of scopes for
its improvements. For future advancements MIMO
Orthogonal Frequency Division Multiplexing (OFDM)
technology can be used with the application of transmitter
diversity. This paper focuses only on receiver diversity.
Therefore the combined application of transmitter and
receiver diversity is expected to give a much better result.
OFDM technique is widely used in wireless communication
in many applications due to its good spectral performance
and low sensitivity to impulse noise and multipath channels
[27]. For coherent demodulation the application of PPM
technique instead of MPSK may improve the detection range.
GPS enabled active RFID tag [28] or incorporating cellular
technology into active tag [29] can also bring substantial
improvement in tag detection range. However, considering
all the pros and cons, the proposed method explained in this
paper not only offers an easy way to evaluate detection range
but also possess countless potentials to make industrial
breakthrough in different sectors such as building
management, field service, fleet maintenance, industrial
laundry, Industrial Painting, livestock, marinas oil & gas
industry, people tracking, railway, etc. where long range
detection can give an abrupt uplift in the overall system.

CONCLUSION
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