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Abstract: This paper focuses on the problem of distributed relay selection and power allocation problem in a
multi-user multi-relay network, aims to maximize users’ achievable rate while consume less power of relays
which are selected for helping users transmit information. At first, we use the auction game theory to choose the
relays for each user preliminarily, then for each user and the selected relays, we model the interaction between
them as a two-level Stackelberg game, the relays modeled as the service provider and the users modeled as
customers who will buy power from the providers. Based on this game model, we get the relays at relatively
better locations for each user and the optimal power need to buy from them. Otherwise, as the users will not
exchange information between themselves, we recalculate the power allocated to each user for relays the power
users buy from it exceeds the maximizing transmit power. Simulation results show the effectiveness of our
proposed scheme. Copyright © 2013 IFSA.
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multiuser and spatial diversities. However, in a
practical application, especially in commercial
networks, the nodes usually represent different
interest groups, e.g., service providers and clients.

1. Introduction

In recent years, cooperative communication [1-2]
has been proposed as an emerging transmit strategy

to spread the whole coverage and increase system
reliability which has been widely used in wireless
networks. Generally, in such a network, all nodes can
act as the relay nodes to help each other’s
transmission to their destinations. In this way,
cooperative communication can efficiently takes
advantages the broadcasting nature of wireless
communication networks, as well as the inherent

Article number P_ 1471

Thus, the practical problems appear such as when and
whether to cooperative, which mainly depends on
their own available radio resources and traffic loads.
Extremely, the selfish user would occupy the
available resources as much as possible to maximize
its own benefit rather than to share them with others.
According to the description mentioned above,
how to analyze the behaviors of ration users in
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wireless networks has become an urgent need to be
addressed. Recently, it has been proved that game
theory can be a promising tool in solving the resource
allocation problem of cooperative communication
network due to its natural and flexible represents of
how the autonomous nodes interact and cooperate
with each other and has been used in modeling the
interactions in different network layers among users
with various benefits [3]. There have been volumes
of existing literatures based on game theory on the
decision-making problems on when, whether and
how to cooperate in wireless networks. In [4], the
problem of cooperation among energy constrained
nodes in wireless ad hoc networks was addressed and
Generous TIT-FOR-TAT (GTFT) scheme was
proposed to solve this problem based on the historical
statistics. The author of [5] proposed a pricing
algorithm that encourages forwarding among
autonomous nodes through a reimbursing forwarding
scheme for multi-hop wireless networks. Based on
the results in [5], a pricing game that stimulates
cooperative diversity among selfish nodes in
commercial wireless ad hoc networks was studied
in [6].

The research results abovementioned were based
on an asymmetric structure model between the source
and relay nodes. The source node has the opportunity
to get the relay’s help while the relay node cannot get
benefit from the source, that is, the roles of the two
nodes are unequal, making it hard to fully reveal the
rational behaviors between all nodes, particularly in
cases when both nodes only have limited radio
resources. In addition, the works in [4-6] are based on
“non-cooperative game,” which is mainly focused on
each node’s individual utility rather than the utility of
the whole system. In contrast, the schemes based on
“cooperative game” [7-10] can achieve general
pareto-optimal performance and maximize the whole
system payoff while satisfying the fairness
requirements.

There are also some works studying the relay
selection, bandwidth and power allocation based on
game theory in cooperative communication networks.
In [11], the behaviors of selfish nodes in the case of
random access and power control are examined. In
[12] and [13], a two user network where each user
can also work as a relay for the other is studied. By
employing a two-user bargaining game, fair
bandwidth allocation [12] and power allocation [13]
are found from Nash bargaining solution. In [14] and
[15], the relay power allocation and pricing problem
in the downlink of multi-user single-relay and single-
user multi-relay wireless network is studied
respectively. The interaction between the users and
the relay is modeled as a two-level Stackelberg game,
the optimal relay power price that maximizes the
relay revenue is derived analytically. Motived by [15],
we use Stackelberg and auction games model to solve
the relay selection and power allocation problem in a
multi-user multi-relay network which all the users
can do the game process simultaneously. Simulation

results show the advantage of our scheme compared
with other existing algorithms.

The rest of this paper is organized as follows. In
Section II, the system model is given and in Section
111, the interaction between each user and the selected
relays which can be obtained by utilizing the auction
game theory can be modeled as a two-level
Stackelberg game where the relays and users are
modeled as the service provider and customers,
respectively. In section IV, simulation results are
demonstrated and the conclusion of the whole paper
is given in Section V.

2. System Model

Consider a wireless network where there are N
users communicating with their destinations with the
help of M relays as shown in Fig. 1. Denote that the
channel power gain from user i to its destination i
(direct link) as 4, , the channel power gain from user
i to relay j as f, and the channel power gain from
relay j to its destination i as g, respectively.
Amplify-and-forward (AF) cooperation protocol is
employed in this system.

The cooperative transmission process consists of
two phases: in phase 1, user i broadcasts its
information to both the relays and its corresponding
destinationi , and in phase 2, relays which receive the
information of user i will amplify this information
and forward it to the corresponding destinationi . All
the users will adopt the two phase cooperative
transmission way, the difference is that the relays
which help to transmit information are different due
to different users.

In phase 1, the received signals at destination i a
nd relay j can be denoted by y, ;andy, ;, respectivel

y, which can be expressed as

Vi :\]Rhix+77i,i (1)

and

yi,j:\lpifi,jx"”ni,j: (2)

where x denotes the broadcast information symbol
with unit energy from user i to its corresponding
destination i and relay j , 7, and 7, are the
additive white Gaussian noises (AWGNs

The rate of the direct transmission from user i to
its corresponding destination i without relay nodes’
help is

r,
R, =Wlog, (1 + %j > 3)
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Fig. 1. Multi-user multi-relay network.

where W is the bandwidth for transmission and T is
a constant representing the capacity gap, I, is the

SNR of the direct transmission from user i to
destination i and can be expressed by

r, =2t @)

1
62

=

where P, denotes the transmit power at user i .
In phase 2, relay jamplifies y, ; and forwards it

to corresponding destination i with transmitted
power P, and the received signal at destination i is

YVii= \IP/g/,[x/,[ /) (5)

where

Vij

X =
|y ,-,,-|

(6)

is the transmitted signal from user i to corresponding
destination i that is normalized to have unit energy
and 7, is the received noise. Substituting (2) into (6),

Eq. (5) can be rewritten as follows

v - VP&, (\IB/{L,‘X-'—’]:’,;‘)
T \/P.f. = T (7
it

where P denotes the transmit power at relay ;.

Utilizing (7), the relayed SNR for user i, which is
helped by relay ;, can be expressed as

_ BPj.ﬁ,jgj,i p
5,0 GZ(PIJ(I-J +Pjgj’!+62) ( )

By (4) and (8), the reception rate of destination
from user i by maximal-ratio combining (MRC)
detector with relay j is

w ri,i + Fi, j i
R[,/',i = ?Ing (1 + Tjj (9)

For user i, the relay nodes help for transmitting
constitute a set, which is denoted by L, , where

L= {rl,---,rl,} , then the rate of destination i is

r“ + ]Ti. el i

2

where y, denotes a bandwidth factor.

3. Problem Formulation and Energy-
efficient Power Allocation for SU

In this section, in order for efficient utilization of
the cooperative diversity in multiuser networks, two
fundamental problems on resource allocation are
studied. They are the relay selection and power
allocation problems. Owing to the nodes in multiuser
cooperative wireless networks belong to different
authorities and act selfishly, the distributed resource
allocation is adopted where the only local knowledge
of channel information is needed. Initially, incentives
need to be provided by the users to relays in order to
relay the information of users. Consequently, the
users need to choose the optimal relay for
maximizing their own benefits. Thus, a distributed
resource allocation scheme utilizing the Stackelberg-
game-based scheme in our scenario can be
formulated as follows.

3.1. Problem Formulation

Consider there are many wusers transmit
information simultaneously, the users will not
exchange any information between each other and
they can get every relay for help. The problem of
interest is to select appropriate relays for each user to
maximize its achievable rate and decrease the power
of whole relays consumed as much as possible,
auction game theory is used to find the relays for
each user preliminarily. Suppose each relay is the
object for sale and N users are bidders. For each
relay j, assume the power helping each user is equal

at first, i.e., P, =P,

unit >

and for user i , if power P, is
given, the rate of the direct transmission R,, and

can be calculated, R ..—R,

i i

with relay j help R, ;
will be the price of user i to compete for relay j as

the value shows the ability of relay ; for helping
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user / transmit information. Then the whole prices of
N bidders competing for relay ; is denote as

X/ :(Rl,jl R1 1»R2 j2 _R2,2"“7RN,j,N _RN,N) ’ and
relay j will choose the bidders with highest
N'(N'SN) prices to provide help. Then for each

relay, we can find N users for help at first, in other

words, for each user, there are M '(M <M ) relays

can provide help. Given the M relays, the
Stackelberg game model will be used to help user i
to buy the optimal amount of power from relays and
also helps the selected relays maximize their own
utilities by asking the optimal prices.

Stackelberg game is divided into two levels: the
users play the buyer-level game and the relays play
the sell-level game. The users aim to achieve the best
performance with relay nodes’ help with the least
reimbursements to them while the relays aim to earn
as much as benefits from spending their own
transmission power in helping the users forward its
information. Both of the two sub-game perfect Nash
equilibriums can be found using the backward
induction method.

From the above, we assume the number of relays

which can provide help for user i to be M, (rL’ = Ml) ,

denoted byr, —{ B --,rl_.M,}, the power the relays

spend to transmit information is denoted as

P:{R,l’Pi,za'"sB,k:“"B,M;} . The price per unit of

power selling from relay node L, is denoted

as Pi:{pl‘,l’pi,Z’“.’p,‘,k"",pin"} . Then the utlllty

function of all the users denoted by Uy is

N N M,

Us :ZaiRi _Zzpi,kpi,k (1D

i=1 i=1 k=1

In (11), the first part denotes all the users’
achievable rate with the relay nodes’ help, a, denotes

user i's gain per unit of rate at the MRC output. The
second part denotes the total payments paid by the
whole users to relay nodes.

The relay nodes’ utility function denoted by
U, is

N M,

Ug= ZZ(pi,k —Cix )ik (12)

i=1 k=1

where ¢, denotes the cost of power for relaying data.

Formula (11) is the sum of N single user’s utility
essentially, so we can find each user’s maximizing
utility and get the optimal solution of (11).

For user i, the utility function can be written as:

U,=aR, _Zpi,kPi,k (13)

and the utility function of relay nodes for helping
user i is

0= Z(p,k )P (14)

By derivation of U, , we can get

oU, —a OR, 3 (5
ae’k iéPi,k Dix (15)

R, . .
If p,, <a, SP then o, >0, it means that user

ik ik

i will obtain a larger utility by increasing

P, . Now

we will determine the final relay nodes for user i
further, according the relay rejection criteria in [15],
all the relay nodes in r, set their initial prices

Dii=Cir » ifpikZaiﬂ, then relay 7, will be
e e,

rejected by user i . With the relay rejection criteria,

user i excludes the least beneficial relay nodes at the

very beginning and it is proved that the relays are

fixed and will not change after the game is played.

Then the final relay nodes for helping user i are
denoted by, —{ o750 --,;;,M.} .

After the relay selection, the optimal power that
user i need to buy from the selected relay nodes in
r, when achieves game equilibrium will be

calculated. Suppose 7, in (10) equal to 1 and let (15)
equal to 0, according (7), (8) and 10), we can get

* 4 Bi'Y+\/Y2+4XW‘
ik:\/ — —B (16)
7 Pix 2X '
where k is the k, relay of r, 4, =—F"— ,
© To" +Ph
Plf; r,.
B, =t . X=1+34,.Y=>[p A4 B, .
iy Jer; Jer;
The optimal price that each relay in r, sells to user i
can be got by
P
Piv=Cix ~ a7 A (17)

aP[,k /0p, s

3.2. Problem Solving

Since there are N wusers, if they transmit
information at the same time, N game processes
happens simultaneously. For users will not exchange
information among themselves, each user will only
know how much power he buys from the relay, as
one relay can help many relays, it can’t be guaranteed
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that the sum of optimal power each user buys lower
than the maximum transmit power of the relay, so in
connection with the relay node which the users it
helps buy the power larger than prescribed power, the
power the relay node allocates to each user need to be
re-calculated.

Suppose any relay, the set of the users it helped is
denoted as w,, ={u,,u,,---,u, } , according to (16), we

can get the optimal power allocated to each user,
denoted as P, :{P ,Puz,---,Pm} .

u u

Since the utility
function (13) is concave in B, [1, property 1], U,

1
will decrease as P, is decreasing, in order to reduce
the power buying from relay m , but maximize U; as

much as possible, sum of

U,(1<i<N) so we just need to find the relay node

since Ug is the

i

m that U, is not varying obviously with the decrease

i

of P, . According to (15), for users in u we

ou, 0 .
calculate a—P’,ieum , then we sorted — in

i i

descending order of the value of % ,

ou, _ oU. ou
assume —L>—2>...>—m  we decrease the

OoP 0P, ~oP

m

power of user um(P;)at first, if the sum of optimal

power all users buy is still larger than the maximum
transmit power of the relay m , then we will decrease

the power of user ”mq(P* ]) until the sum of the

optimal power all users buy is lower than the
maximum transmit power of the relay m, then we
get the whole utility of all the users U .

The whole relay selection and power allocation
process is summarized as follows
1) Preliminarily Relay Selection: choose the first

N'(N‘SN) users to use i, relay for helping

th
transmitting information using auction game theory.

2) Determine which relays will be help for each
user according 1).

3) Using formula p,, >q, ;f’ to determine the
ik
final relays to help for each user.

4) Calculate the optimal power each user buys
from the corresponding relays and the optimal price
that each relay sells to the user using formula (16)
and (17) respectively.

5) Find the relays that the sum of the optimal
power that users buy is larger than the maximum
transmit power of it and decrease the power of user

with the smallest % until the whole power is
smaller than the maximum transmit power of
the relay.

6) Calculate the whole utility of all the users U .

4. Performance Analysis

In this section, the simulation results are given
which demonstrates the reliability and effectiveness
of the proposed distributed relay selection and power
allocation based on Stackelberg and auction games in
our scenario.

Fig. 2 illustrates utility of each user with relay’s
different prices. Considering the interference between
users, the system adopts TDMA for each user to
transmit data, the channels are assumed to be
Rayleigh fading. Suppose N =5, M =20 and the
capacity gap is set to be I'=1 . We suppose all the
users undergo the same game process and take one of
them for simulating. We can see from the figure that
our proposed scheme the utility of each user will be
increasing as the price of each relay is growing, but
when the price of the relay is higher than a threshold,
the utility of the user will be decreasing, it means that
the proposed scheme converges to a better local
optimum value and also there exists a optimal price
for the relays. Moreover, user’s utility will increase
as the value of M is growing, it’s because that as
growing of the value of M, there will be more relays
to help the user to transmit information, it will
improve user’s utility.

Useri's Utility

| ——M=20, M=8
0~ M=20, =10

|
—6-M=20, M'=12|'
—¥—No Relay :

I
I
I
|

0 5 10 15

Price of relay

Fig. 2 Average utility of each user with relay’s different prices.
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5. Conclusions

In this paper, we propose a novel distributed relay
selection and power allocation scheme in a multi-user
multi-relay network, aims to maximize users’
achievable rate while consume less power of relays
which are selected for helping users transmit
information. The auction game is adopted to solve the
relay selection problem for each user, then we model
the interaction between the users and relays as a two-
level Stackelberg game, and the relays modeled as
the service provider and the users modeled as
customers who will buy power from the providers.
The simulation results validate the reliability and
effectiveness of our proposed scheme. Further study
may focus on the EE optimization with the imperfect
channel sensing and energy harvesting for each SU.

Acknowledgements

This work is supported by the grants from the
Major State Basic Research Development Program of
China (973 Program) (No.2011CB302900), the
National Science and Technology Major Project
(N0.2012ZX03003006) and the National Natural
Science Foundation of China (No. 61139001).

References

[1]. J. N. Laneman, G. W. Wornell, and D. N. C. Tse, An
efficient protocol for realizing cooperative diversity
in wireless networks, in Proceedings of the IEEE
ISIT, Washington, DC, June 2001, p. 294.

[2] T.E. Hunter and A. Nosratinia, Cooperation diversity
through coding, in Proceedings of the IEEE ISIT,
Lausanne, Switzerland, June 2002, p. 220.

[3] V. Srivastava, J. Neel, A. B. Mackenzie et al., Using
game theory to analyze wireless ad hoc networks,
Commun. Surveys Tuts., Vol. 7, No. 4, Forth Quarter
2005, pp. 46-56.

[4] V. Srinivasan, P. Nuggehalli, C.-F. Chiasserini, and
R. R. Rao, An analytical approach to the study of
cooperation in wireless ad hoc networks, IEEE Trans.
Wireless Commun., Vol. 4, No. 2, March 2005,
pp. 722-733.

[51 O. Ileri, S.-C. Mau, and N. B. Mandayam, Pricing for
enabling forwarding in self-configuring ad hoc
networks, IEEE J. Sel. Areas Commun., Vol. 23,
No. 1, Jan. 2005, pp. 151-162.

[6] N. Shastry and R. S. Adve, Stimulating cooperative
diversity in wireless ad hoc networks through pricing,
in Proceedings of the IEEE ICC, Istanbul, Turkey,
June 2006, pp. 3747-3752.

[71 D. Grosu, A. T. Chronopoulos, and M.-Y. Leung,
Load balancing in distributed systems: An approach
using cooperative games, in Proceedings of the
IPDPS, April 2002, pp. 52-61.

[8] Z.Han, Z. Ji, and K. J. R. Liu, Fair multiuser channel
allocation for OFDMA networks wusing Nash
bargaining solutions and coalitions, /EEE Trans.
Commun., Vol. 53, No. 8, August 2005,
pp. 1366-1376.

[91 Z. Han, T. Himsoon, W. Siriwongpairat, and K. J. R.
Liu, Energy efficient cooperative transmission over
multiuser OFDM networks: Who helps whom and
how to cooperate, in Proceedings of the IEEE
Wireless Commun. Netw. Conf., New Orleans, LA,
Vol. 2, March 2005, pp. 1030-1035.

[10] R. Mazumdar, L. G. Mason, and C. Douligeris,
Fairness in network optimal flow control: Optimality
of product forms, [EEE Trans. Commun., Vol. 39,
No. 5, May 1991, pp. 775-782.

[11] A. B. MacKenzie and S. B. Wicker, Game theory and
the design of self-configuring, adaptive wireless
networks, IEEE Commun. Mag., Vol. 39, November
2011, pp. 126-131.

[12] Z.Zhang, J. Shi, H.-H. Chen, M. Guizani, and P. Qiu,
A cooperation strategy based on Nash Bargaining
Solution in cooperative relay networks, IEEE Trans.
Veh. Technol., Vol. 57, No. 4, July 2008,
pp. 2570-25717.

[13] G. Zhang, H. Zhang, L. Zhao, W. Wang, and L. Cong,
Fair resource sharing for cooperative relay networks
using Nash bargaining solutions, [EEE Commun.
Lett., Vol. 13, No. 6, June 2009, pp. 381-383.

[14] Q. Cao, H. V. Zhao, and Y. D. lJing, Power
Allocation and Pricing in Multi-User Relay Networks
Using Stackelberg and Bargaining Games, [EEE
Trans. Vehicular Technology, Vol. 61, No. 7,
September 2012, pp. 3177-3190.

[15] B. Wang, Z. Han, and K. J. Ray Liu, Distributed
relay selection and power control for multiuser
cooperative ~ communication  networks  using
Stackelberg game, IEEE Trans. Mobile Comp., Vol. 8,
July 2009, pp. 975-990.

2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved.

(http://www .sensorsportal.com)

132



Sensors & Transducers, Vol. 158, Issue 11, November 2013, pp. 127-134

T

& IFSA Publishing, S. L.

www.sensorsportal.com

Sergey Y. Yurish (Editor), IFSA, Barcelona. Spain

Y 2| Sensors and Biosensors, MEMS Technologies
*« and its Applications
. (Advances in Sensors: Review Book Series, Vol. 2)

1

Sensors and Biosensors, MEMS

andits The second volume titled ‘Sensors and Biosensors, MEMS Technologies and its
Applications’ from the 'Advances in Sensors: Review' Book Series contains
eighteen chapters with sensor related state-of-the-art reviews and descriptions of
the latest achievements written by experts from academia and industry from 12
countries: China, India, Iran, Malaysia, Poland, Singapore, Spain, Taiwan,
Thailand, UK, Ukraine and USA.

¥

i

2013, 558 p., paperback €179.95 and e-book (pdf) €162.95
o} ISBN: 978-84-616-4154-3
e-ISBN: 978-84-616-4153-6
Order: http://'www.sensorsportal.com/HTML/BOOKSTORE/Advance_in_Sensors_Vol_2.htm

Preface
Chapter 1. Smart Sensors for Smartphones: How to Make it Smarter ?

Chapter 2. Phase Dynamics, Synchronization and Sensing by SAW Delay Line Coupling Between Nonlinear
SAW Oscillators

Chapter 3. Fingerprint Sensors: Liveness Detection and Hardware Solutions

Chapter 4. Plasma Polymerized Thin Film Sensors

Chapter 5. MEMS Non-Silicon Fabrication Technologies

Chapter 6. MEMS Applications in Medical Industries: Review

Chapter 7. MEMS Switches for RF Applications

Chapter 8. Advances in Amperometric Acetylcholinesterase Biosensors

Chapter 9. Quartz Crystal Microbalance DNA Based Biosensors for Diagnosis and Detection: A Review

Chapter 10. Recent Advance in Antibody or Hapten Immobilization Protocols of Electrochemical
Immunosensor for Detection of Pesticide Residues

Chapter 11. Review on Interaction between Electromagnetic Field and Biological Tissues

Chapter 12. Application of Biotoxin Determination Using Advanced Miniaturized Sensing Platform

Chapter 13. Ultralow Detection of Bio-markers Using Gold Nanoshells

Chapter 14. Anchoring Materials for Ultra-Sensitive Biosensors Modified with Au Nanoparticles and Enzymes
Chapter 15. Biomimetic Systems for Classification and Authentication of Beverages

Chapter 16. Magnetic Bead Based Biosensors: Design and Development

Chapter 17. Human Blood Analytes Biochemical Sensors Based on Microsphere Stimulated Raman Spectroscopy

Chapter 18. Simple and Robust Multipoint Data Acquisition Bus Built on Top of the Standard RS232 Interface

133



Sensors & Transducers, Vol. 158, Issue 11, November 2013, pp. 127-134

e—" IFSA Publishing, S. L.

www.sensorsportal.com

Nada F. Atta

sk . .
NANOSENSORS: Nanosensors: Materials and Technologies
Materials and Technologies
The book aims to provide the readers with some of the most recent development
of new and advanced materials such as carbon nanotubes, graphene, sol-gel
films, self-assembly layers in presence of surface active agents, nano-particles,
and conducting polymers in the surface structuring for sensing applications. The
emphasis of the presentations is devoted to the difference in properties and its
relation to the mechanism of detection and specificity. Miniaturization on the other
hand, is of unique importance for sensors applications. The chapters of this book
present the usage of robust, small, sensitive and reliable sensors that take
advantage of the growing interest in nano-structures.

Nada F. Atta

2013, 298 p., hardcover € 110.00 and e-book (pdf) € 90.00

ISBN: 978-84-616-5378-2

e-ISBN: 978-84-616-5422-2

Order: http://'www.sensorsportal.com/HTML/BOOKSTORE/Nanosensors_IFSA htm

Chapter 1 Chapter 4
Modern Applications of Molecularly Imprinted Materials Nanosensors Based on Surfactant Modified
Electrodes
1.1. Introduction
1.2. Imprinting Methodology and Recognition 4.1. Modified Electrodes
Mechanism 4.2. Modes for the Electrode Modification
1.3. Monomers Selection and Type of Template 4.3. Surfactants
Molecule 4 4. Modification of the Electrode Surface

1.4. Control Factors of Recognition Process on
Imprinted Materials

Chapter 2

Graphene as Electrochemical Sensor

and Biosensor: Synthesis, Characterization
and Applications

2.1. Introduction

2.2. Graphene as an Electrochemical Sensor
2.3. Graphene as Biosensors

2.4. Graphene as a Gas Sensor

2.5. Graphene as a Heavy Metal lons Sensor
2.6. Field Effect Transistor (FET)

2.7. Smart Graphene-based Sensors

Chapter 3
Properties and Applications of Modified
Carbon Nanotubes

3.1. Structure of Carbon Nanotubes
3.2. Types of Carbon Nanotubes
3.3. Solubilisation

3.4. Improvements of the Electrochemical Behaviour

3.5. Nanotubular Electrodes

3.6. Electrochemical Biosensors

3.7. Properties of Carbon Nanotubes

3.8. Surface Characterization of MWCNTs
3.9. Carbon Nanotube’s Applications

3.10. Carbon Nanotubes Modified Electrode
3.11. Gas Sensing

3.12. Determination of Metal lons

by Surfactants
4.5. Conclusions

Chapter 5

Synthesis and Sensing Applications

of Nano-Structured Conducting Polymers
and Conducting Polymers-based
Nanocomposites

5.1. Introduction

5.2. Synthesis Methods of Nanostructured CPs

5.3. Synthesis Methods o Polymer
Nanocomposites

5.4. Applications of Nano-structured

5.5. Biomolecular Immobilization on CPs for
Biosensing Applications

Index

134




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


