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Abstract

Cognitive radio (CR) can identify the opportunity of reusing the frequency spectrum of other
wireless systems through wideband spectrum sensing. To save time and energy of wideband
spectrum, we investigate to what extent a CR system incorporating the location awareness
capability can establish a scanning-free region where a peer-to-peer ad hoc network can overlay
on an infrastructure-based network. Based on the carrier sense multiple access with collision
avoidance (CSMA/CA) medium access control (MAC) protocol, the concurrent transmission

probability of a peer-to-peer connection and an infrastructure-based connection is computed.
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1.1 Cognitive Radios

1.1.1 Definition

Cognitive radio (CR) is an intelligent communication system based on wireless that uses the
approach of learning from the environment and adjusts itself to statistical deviations in the
environment by making changes to its internal parameters. All this is done in real time.CR keeps

two things in mind; efficient utilization of spectrum and reliable communication.

In Cognitive radio, a transceiver can cleverly detect which communication channels are being
used and which are not, and quickly move into free channels while staying away from involved
ones. Federal Communications Commission (FCC) defines CR as "A radio that has ability of
sensing electromagnetic operational environment and can dynamically and autonomously adjust

its radio operating parameters to modify system operation”.

1.1.2 Explanation

Cognitive radio (CR) has pulled a lot of attention of both industrial and the ;cholarly world
because spectrum without license become gathered while some of licensed spectrums are not
completely utilized [1, 2]. Incorporating with the Federal Communication Council (I'CC),
DARPA (Defensc Advanced Research Projects Agency) additionally launches the next
generation (XG) communication technique. This technique used by the military and emergency

applications to create access techniques named opportunistic spectrum [3, 4].

Cognitive Radio (CR) is a technology that is handling scarceness and rising demand of wireless
spectrum. By utilizing the location awareness and spectrum information of prin']'ury uscrs CR
provides secondary users (SUs) an access to the licensed spectrum bands and keep off the SUs
interference with PUs. For doing so and protecting PUs different strategies and transmission

power may be adapted by the SUs.

In current legacy system for securing a harmless communication link CR user [S] is required to:




. Sensing wideband spectrum [6],
2. Identification of the PU’s spectrum consumption as far as location and time [7,8]
3. Understand the opportunity of spectrum sharing of band for both PUs and SUs under

adjustment of the parameters of transmission [9], [10].

CR users can easily recognize an availability of spectrum holes without utilizing the sensing
technique named wideband spectrum sensing. Responsively, when the primary user of legacy
system is far away from secondary one then both secondary user (CR) and the primary user
transmit information with each other without any interference.

For the detection of spectrum holes, dependency on energy and time consuming wideband
spectrum sensing technique approaches to zero if CR has location awareness for transmitting the
data concurrently with primary user. Furthermore, it is obvious that overall throughput can be
upgrade through concurrent transmission. This makes clear that priority of transmission
opportunity over the spectrum sensing is higher for CR user. Moreover, Cognitive radio ad hoc
networks (CRAHNS) are considered the networking technology of next generation. The most

essential aspect of research is reliability in the area of CRAHNS.
The aimed routing mechanism is examined in MATLAB simulator. The known factors relcvant

to wireless network transceiver and used radio signals frequency. Figure 1.1 shows the Cognitive

Radio block diagram.
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Fig 1.1: Cognitive Radio Block Diagram

1.2 Software Defined Radios

Software Defined Radio (SDR), as the name indicates, is the radio in which different parameters
of the radio e.g., modulation scheme, transmitting power, channel encoding-decoding and
encryption can be altered using a computer program or software. SDR hardware is the very
gencral one. No changes in the hardware are required to alter the modulation scheme,
transmitting power, channel encoding-decoding, encryption and other blocks in a communication
system. v'

Haykin is a person who first introduces the basic concept of cognitive radar for environment
awareness having cognition cycle. This was initially introduced for detection of bat under

echolocation system. Below figure 1.2 shows the SDR block diagram.
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Fig 1.2: SDR Block Diagram

There arc three main sections; RF, IF and the baseband section. In RF section, the analogue front
end converts the RF band to IF band. The wide-band converter converts analogue to digital or
digital to analog communication. In digital IF and baseband sections there are configurablc
parameters, which can be altered in the software. SDR does not have to sense the spectrum.

So it is different from the CR. CR is the comprehensive version of SDR which has added

spectrum sensing capability

1.3 Task iImplementation

1.3.1 Problem Statement

In differcnt research works it is demonstrated that for some certain time periods the resource of
radio channel remains underutilized where the demand for the spectrum usage is increasing.
However, for maximum utilization of spectrum, it is required that spectrum should be managed
in a proper manner. Moreover, the concurrent transmission region identification is a major
concern means the region in which users of the legacy systems will not cause the interference

with the CR users.

- -~ -




g

1.3.2 Proposed Solution

Instead of using another efficient spectrum sensing technique, we aim at location awareness
technique in order to provide the assistance for CR users for identification of opportunity of
concurrent transmission. The particular aim of this research work is to determine the exact
dimension of region of concurrent transmission where CR devices can create an overlaying ad
hoc network on the top of an infrastructure based legacy system. We will examine the overall
improvement coming from concurrent transmissions based on the carrier sense multiplc access

with collision avoidance (CSMA/CA) medium access control (MAC) protocol.

1.4 Thesis organization

In second chapter, some essential techniques of spectrum sensing are discussed in detail.
Comparative analysis of all techniques is carricd out and conclusion is made through
comparative results. In third chapter, main discussion is on, system model and wideband
spectrum sensing. In fourth chapter, analyze coexistence probability of both the infrastructure
and ad hoc connections, which are simultaneously sharing the same frequency spectrum.

[n fifth chapter, the numerical results shown and discussed, and after conclusion is made through

results and discussion, and at the end future recommendation is suggested.
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Fig 2.1: Sensing Techniques Categories

2.2 Signal Processing Techniques

2.2.1 Detection of Matched Filter

Matched filter detector is a coherent detector and we should have the prior knowledge of the
primary signal. If the necessary parameters are not true, then its performance is very poor.
Matched filter is a linear type of filter and it maximizes the Signal-to-Noise ratio (SNR) at the
sampling points. Its impulse response, which is conjugated time-reversed form of the reference

signal, is convolved with the received signal.

The basic advantage of this filter technique is that, CR performs its function at remit time where
it utilizes few received samples. By this way the number of samples of signals and SNR arc
reduced, and other advantage of filtering is that we can accomplish a certain probability of
midsection. CR consumes power and has high complexity and accurate information about target

users. However, its drawback is that CR requires a devoted receiver.







term of small interval of times. After that the results of integrator are compared with preset
threshold. The purpose of this comparison is to find out either the primary user is present or not.
The threshold value used for comparison may be either changeable or fixed depends on the
channel consideration.

In this process the estimation of signal presence is find out by means of reccived encrgy

comparison with threshold value.

2.2.3 Detection of cyclo-stationary characteristics

For finding the primary user’s presence, this method uses the received signal information. The
information mostly required for this purpose is spreading code, sinusoidal waves, cyclic prefix
and pulse trains of receiving signal.

The main bencfit of this process is that, its performance is good even for the region having low
SNR and also for noise uncertainties. The most prominent defect of this method is its high time

taking ol sensing as well as computational complexity.

Time domain
signal__¢ Bund Pass \| Feature
Y I an = .|« Feature
r'—‘____zl I = FFT = Correlation = Averaging = Detoclion

Fig2.4: Block Diagram of Detection of cyclo-stationary characteristics

[dentification of received signals in primary signals presence it is not good for the periodicity ol
modulated signals couple with sine wave career mode. cyclic prefixes, sequences ol hopping cte.
The received signals have the periodicity therefore it exhibits the statistics which are in periodic

form and have noise free spectral correlation.
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2.3Cooperative Sensing Techniques

Mostly the cooperative sensing techniques are further categories as following
i) Spectrum Sensing with Centralized Cooperation
ii) Spectrum Scnsing with Decentralized Cooperation

iii) Spectrum Sensing Hybrid Cooperation

2.3.1 Spectrum Sensing with Centralized Cooperation

In this technique, every wireless sensor of CR performs the task of finding the existence of
primary user in a channel by using the spectrum sensing technique. In this centralized technique.
a centralized coopcrator exists and all CR wireless sensors are required to send their decisions to
that centralized cooperator. The centralized cooperator is called as collector, server or cluster
head. For finding the existence of primary user, the centralized cooperator uses all received

information from CR sensors for final decision.

2.3.2 Spectrum Sensing with Decentralized Cooperation

In this technique, there is no need of controller or central cooperator. In this sensing method the
wireless sensors form number of clusters and each cluster get sensing information locally and
share this information with other clusters of that channel or network. Therefore, its functioning is
considered as deccentralized. This technique requires high processing and large storage capacity

for record maintenance.

2.3.3 Spectrum Sensing Hybrid Cooperation
In this technique, the sharing of information between sensors is in decentralized manncr. In other
words, it can be defined that the cluster head may be required by centralized cooperator for

sharing information of the channel.

2.4 Comparison
After all the pros and Cons of distinctive spectrum sensing techniques and difficulty in their
operations, and number of issues to be faced in signal and energy detection. Among all of thesc

methods, the most common issue of all the techniques is energy detection due to the signals

o g e T T T AT = - X N e
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strength complexities. In most methods of energy dctection, the user not bothering as happened

in matched filter, about the primary user’s information and in other differcnt methods.






15

The figure 3.1 shows the basic model for the hybrid infrastructure-based/ad hoc network. The
figure shows the legacy system having peer-to-peer CR users within its coverage zone,

It is recommended that the access-point AP must switched between the mode of ad hoc and
infrastructure system for improving the throughput of WLAN [13] in dynamic manner. In their

suggested scenario, ad hoc connections are made by CR users in a distributed manner,

3.2 System Model

Fig 3.1: Basic Model for the Hybrid Infrastructure-based/Ad hoc Network

The figure 3.1 shows the basic model for the hybrid infrastructure-based ad hoc network, which
comprise of three users named as Uy, Uy, and U, from these three users one of them is primary
user ( U, ) and two others are secondary users (Up, U¢). It’s presumed that the two secondary
users are trying to establish the peer-to-peer link, however, the primary user has already

established its link with base station (B;). The Bs have coverage zone of mR? and its users
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Ug Uy, and U, are at (r3,85), (15, 6,) and (74, ;) respectively. Moreover, all users must strict to
their position.
Either by the use of the BS, signal strengths or GPS, the CR devices can find out their relative or

absolute position in coverage zone of network [14, 15, 16].

By using the geographical routing protocols, each CR device broadcast its location information
[17]. The geographical and position routing is difficult & the wastage of time and energy so there
is no need to work anymore for every data transmission. The position and geographical routing
protocols only activates when some new nodes want to join or leave its position. Moreover,
information of position may also be stored in device with the upper layer’s assistance. Therefore,
it is accepted that the additional memory space and energy utilization is require for location and
position information, which is comparatively small, instead of spectrum sensing technique for

every transmission [18].

At any instant, multi-users try to contend the channel and under such scenario only singlc mobile
station, which is present within the BS coverage zone be capable to establish the infrastructure-

bascd communication link, which based on protocol known ass CSMA/CA MAC protocol.

If the secondary user wants to establish the connection on the primary user’s frequency. it
required to make sure that it never degrades the present infrastructure-based link and also needcd
to win the possible contend from other secondary users for availing the frequency.
Let suppose a legacy system has a primary user and number of secondary users having alike
transmit power. CR is capable enough to entertain just one secondary user after winning contcnd
for establishing the link.
The received SIR (signal to interference ratio) for ad hoc link is represented by SIR,and for
infrastructure-based link is represented by S/R,,. For the overlapped coverage zone of CR based
ad hoc link and infrastructure-based link, the coexistence probability ( P,y ) also known as
concurrent transmission probability is given as

Per = P{(SIR,, > x,,,) N (SIR,, > x,,)} (3.1
Here x,, defines the required threshold for ad hoc link and x,,defines the required threshold for

the infrastructure-based link. The calculation of the coexistence for ad hoc link and
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infrastructure-based link is necessary for finding the concurrent transmission zone. The CR
devices are requircd to sense some other frequency and shift to it when the primary user link
quality cannot ensure.

Suppose a two-ray ground reflection model, which have receiver and transmitter with two paths
for transmission [19]. One is ground reflected and other is of line-of-sight type. Therefore, the

reccived power is given as

[3
— Plhﬁshrznsabsamslow
= s

PT

(3.2)

Here received power is represented by B and transmitted power is represented as ;. Morcover,
the B antenna height is represented by hp; and mobile station antenna height is represented as
hps, the Bs antenna gain is represented by G, and mobile station antenna gain is represcnted as

G,,s, the distance from transmitter to receiver is reprcsented by 7, the distributed log-normalized

£
shadowing component is represented by 1010 and path loss exponent by a.

3.3 Analysis of Signal-to-Interference Ratio

3.3.1 Analysis of SIR for Uplink

For case of uplink, by transferring the data from primary user (U, } to B, the SIR of uplink for
primary user (U, ) is represented by SIRY , and the received power from U, is P34 and reccived

power from U, is Py. From equation 3.1we get

r a
SIRY = (2) = Pao/Prg 33)
Here r; represents distance from U, to By and 5 represents the distance from U, to B;. However,

for the peer-to-peer ad hoc link between Upand U, the SIR is given as

SIR, =22 = (di)a (3.4)

P3; dip

Here power received at Uy, from U, is represented as Py, and the interference power Py, from Ug,

the distance from the U, to U, is represented by d;, and the distance from the U, o U, is
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Where A,and A, are given by equations 3.7 and 3.8 respectively

2
Az (%) (m—8)- R%6 + 24 (3.7)

2 12
Ag- (%‘) ® - (r3xf;l) @ - 24 (3.8)
Xy

3.3.2 Analysis of SIR for Downlink
For case of downlink, by transferring the data from B; to primary user (U, ), the SIR for

downlink is represented by SIR,(,f). From equation 3.2 we get

SIRW = Pos _ (1‘—'&)2 (%2)"3.9)

Py3 Roms T3

] Here the power received by U, from Bgis represented by Pys, and Ugreceive the
power from U, is represented by P;;. The distance from U, to U,is represented by

d13. The termsh,,;, hpsanqrsare same as defined for equations 3.2 and 3.3. Howevecr,

for the ad hoc link between Uyand U, the SIR is given as

SIR, =h2- (ﬁ'ﬂ—)2 (Z) 610

Poz hps diz
Here the power received by U, from U,is represented by P;,, and U, receive the
power from B is represented by Py,. The distance from Bgto U, is represented
by r,, where the tcrms hyg, dy, and h,, are same as defined for equations 3.2 and
3.4. Where the Pc(td)for downlink transmission can bc given by eq. 3.11 which we

get by putting equations 3.9 and 3.10 in equation 3.1

1 1 (d)
d ra p . R
PC(T) = P{(dlq > T3x gn) N (dlz < sz'n) N (T1 < R)} = _—7'[(;;2 (31 l)

e

Wh [ hrzns d | 1 hrzns
cre Xm = Xme _hz an Xn = —x ‘\ 72
bs n bs
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1

The region which is outside of the circle, whose center is at U, with radius r3x’§1 , is due (o

1
result of (dy3 > r3x’%). Where the region inside of circle whose center is at U, with radius

1 1
r,x'2, is due to the result of (d;, < 1x'%).

If it is assumed thatU, is distributed uniformly within cell, R then r, = R. By calculating the

d)

RéT area, the coexistence probability can easily be computed with it. The distances between the

1 1
point of intersection of two circles having radii of 7,x"¢ and r3x'% , and AP are given as r™ and

rt.
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: (4.2)

dpn <
xn((

1 \* 1 \*
7o) 5z )

Ty < R(4.3)

By following the procedures by which the equation 3.5 derived for downlink case, these three

conditions are as follows:

doy > ! . (4.4)
MU\ HE) )
1
dm] < xn( T_)a+£k(a;_7) (45)
y
m <R (4.6)

Since the concurrent transmission regions Rg;) and Ré‘;) are known, the CR device can focus
whether CR transmit information simultaneously both with the infrastructure link and with other

ad hoc connections of the primary and other secondary CR users.

4.2 Effects of Shadowing

Previously the discussion was limited to the path loss effects of concurrent transmission
probability of a CR network. In existence of infrastructure link of primary user, the existence of
peer-to-peer ad hoc link cannot be possible because of shadowing. :

Therefore, it is very necessary to find out the reliable way for concurrent transmission for hybrid
network in the existence of shadowing. Mostly the random variable lognormal distributed is used
for the demonstration or modeling of the shadowing [20]. From the users i to j, the shadowing

component represents as 10/1%n the propagation path where the Gaussian random variable




¥
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having o, as standard deviation and zero mean is represented as £;;.Thus, for both ad hoc link

and infrastructure link having the modified downlink SIRs and uplink SIRs is given as:

4.2.1 SIR for case of Uplink

W) 10630/10/r§"
SIRm (530: 510) = 810/ a (4-7)
10 10/rf
€12/ a
() 10 "110/df,
SIR ) = ————=(4.8
n (812 832) 10L32/10/d§3( )

4.2.2 SIR for Case of Downlink

(d) 10603/10/r3“
SIRm (8031 813) = 10813/10/‘1‘113 (49)
512/ a
d 10 “/10/d
SIRS (€12, £02) = w2 /s (4.10)
10 /10 /rg

The point to be noted is B is represented by 0, and in case of uplink the equation 4.8 have €3

which is equivalent to y; of equation 4.9 of downlink.

4.3 Analysis of MAC Layer

By considering the PHY/MAC cross-layer, the performance of Hybrid network is checked in
term of throughput. In MAC layer, the fundamental task is incorporation of the interference from
the ad hoc link and the infrastructure link into the throughput evaluation model.

For this work, the CSMA/CA MAC protocol with an algorithm named as binary exponential

back-off algorithm is used in the several license-exempt frequency bands for its deployment.
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On the other hand, for establishing the secure ad hoc link in CR network the CSMA/CA MAC
protocol may not requ'ire because in the existence of infrastructure link the transmission may
forbid by assessing the received signal (RSS) strength in clear channel assessment (CCA).

The constraint is removed with the utilization of the information of channel station and location,
by substituting RSS estimation for CCA in conventional CSMA/CA MAC protocol. Thercfore,
the previously present primary infrastructure link does not harm by the new connection once the

secure ad hoc connection can easily establish by CR device.
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5.1 Discussion on Simulation Results

First of all, the discussion is carried out for investigation of the concurrent (ransmission
probability of networks such as overlaying CR-basced ad hoc network and infrastructure-bascd
network. For the evaluation in the hybrid network in term of throughput performance. the

suggested analytical cross-layer model is applied.

The network topology is shown in chapter 3 in figure 3.1. The figure shows that nctwork have
CR based ad hoc receiver Upat location(rz, —"/2). infrastructure-based primary uscr U, at
location (r3, "/2) and transmitter U,. Here the distance from Bgto Uy, is represented as r, and the
distance from Bsto U,is represented as r3. However, the distribution of U, is unitormly within
the cell having the radius R of 100m.

Moreover, for checking out the performance in term of concurrent transmission probability Pey
the simulation of the suggested analytical model is performed. The locations where the existence
of ad hoc transmitter U, is possible, are represented by the 10* points distributed uniformly
within wR? region for this simulation. When nearby the infrastructure link that is B,1oU,, the U,
form the ad hoc link with U,. For this case the number of points are counted for the computation

of the Pgr.
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Figure 5.1

Fig 5.1: Location of the Users of Infrastructure Uplink versus Concurrent Transmission

Probability

For the noise power N, having value of =90 dBm and transmission power P, having value of
20 dBm, the effects on the uplink concurrent transmission probability due to primary user’s
location are shown in figure 5.1, where the expected SIR threshold may cither be 3 dB or 0 dB.

For the distance r; which is from U, (primary user) to B, the existing concurrent transmission
probability is optimum. From the observation it is noted that when the value of x,, is 0dB, at

position or location r3 = 40m the maximum value of PC(;‘) = (.45, however, when the value of

Xy, is 3d B, at position or location r; = 26m the maximum value of PC(,},‘) = 0.22.
[n the situation, when the primary user U, comes near to B, it also approaches to ad hoc receiver

decreasing PC(;‘) & causing high interference. So, when U, moves away from the B;, the signal

strength becomes weak thcrefore, the value of the uplink S/R reduces and it produces the small

value of PC(;‘). Therefore, maximizing the uplink PC(;‘) helps in receiving the optimum location of

U,.




28

Q-

o
"
T

=)
[
T

05+

Concurrent Transmissian Probabilit v

0 01 22 03 04 05 06 37 NE [
2
Figure 5.2

Fig 5.2: Location of the ad hoc Receiver versus Concurrent Transmission Probability

The effect on uplink Pc(;)due to the U,,’s location is shown in figure 5.2. The figure shows that in
the situation, when the ad hoc CR-user moves off from B, the interference from infrastructure
link to ad hoc link decreases and due to this reason the steady increase occurs in PC(,;,‘) and this

increase is in range of 10% to 50%.
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5.3 Downlink Concurrent Transmission Probability
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Fig 5.3: Impact on the Downlink Pc(g) duc to Location of U,

When the location of Uy, is (50, _”/2), the downlink PC(;?) against U, distance r5 to B3, is shown
is figure 5.3. In the range of distance r; < 100m, for the requirement of SIR, x,, = x,, = 0 dB.
Pc(,f) = 25% is constant. All this happens due to interference whose transmission is {from B, to ad
hoc users is independent of U, locations. Although when value of r; increases, the larger

requirement of §1K, x,, = x,, = 3 dB produces the lower and reducing value of downlink PC(.;,”.
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Fig 5.4: Impact on the Downlink Pc(;i) due to Location of Receiver Uy,

The impact on the downlink Pc(}i) due to location of ad hoc receiver Uy is shown in figure 5.4.
The comparison of figure 5.4 with figure 5.2 shows that when the ad hoc user U, movcs off from
the B, due to this, the steady increase occurs in PC(.‘Fi) as similar PC(;‘) increases. However, increasc
in uplink PC(,},‘) is greater as compared to Pc(}i). For x,,, = x, = 0dB and r2 = 100 m, P¥. =49
percent and P& = 39 percent, respectively. This all happens due to the interfercnce from

infrastructure uplink transmission to the ad hoc user is much weaker than the interference from

downlink transmission to the ad hoc user.
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with the increase of shadowing variance. This can be more cleared by looking at the figure 5.5(a)

and 5.5(b) for values o, = 1dB and g, = 6 dB.

From the figure 5.5(a) it is seen that when the distance r3 of primary user to By is.in between the
Om to 100m range, for the o, = 1dB the value of ngr) decreases from 0.015 to 0.005
for o,=1dB, & 0.014 to 0.0075 for g,=6dB. Although, at cell edge, the downlink transmission
and uplink transmission’s reliability for primary user’s reduce due to the fact of weak RSS and

shadowing.

Therefore, the signal strength for the uplink is much weaker than from signal strength of
downlink. Moreover, comparing the sensitivity of shadowing effects for both uplink and
downlink concurrent transmission reliability it is found that uplink concurrent transmission

reliability is more sensitive when the U, located at the cell edge position.

From figure 5.5 (b) shows the shadowing graph, it is clear that, for both uplink and downlink

concurrent transmission reliability increases when the receiver U,moves towards the cell edge.
For o,=6dB, FCT(U) slightly increases & FCT(d) increases from 0 to 0.012 respectively. [For

o.=1dB, FCT(d)increases from 0 to 0.008 & FCT(u) slightly increases as r, increases to 100m.

[t is also clear that when the ad hoc user moves away from the By, the weak interference
recorded for U, to ad hoc user. The increase is noted in concurrent transmission reliability where
for distance r, > 30m the shadowing effect is constant for both o, = 1 dB and also for distance

r, > 60m for o, = 6 dB.

5.5 Conclusion and the Idea for Future Research

5.5.1 Conclusion

Here in this work, we conclude that the Rep critical region is identified in which data can transfer

simultaneously without any interference by the overlaying secondary users and primary user.
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The concurrent transmission area can be easily located if information of the other nodes location
is available.

From the numerical data of uplink, it can be demonstrated that for 1 dB standard deviation of
shadowing, the concurrent transmission region might be 45% of the cell region having the
reliability of 90% and for 6 dB of standard deviation of shadowing, the concurrent transmission
region might be 45% of the cell region having the reliability of 60%.

It can also be demonstrated that the time and energy consuming WBSS process decreases in
dramatic manner if the identification of such an opportunity for concurrent transmission is
obtained first. The location awareness also helps the CR to identify the opportunity by means of

primary user’s spectrum within the spatial domain instead in the time domain.
5.5.2 Idea for Future Research

For the research, there are many topics that follow mechanism of exchange of location
information efficicntly and Concurrent transmission designing of MAC protocol. For the further
exploration, we can also add CR networks which is using spectrum sensing for ad hoc nctworks,
the location awareness technique can be applied by mean of multiband joint detection technique

for the better throughput.

*
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