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Abstract- In wireless Ad Hoc networks, large number and flexible mobility of terminals lead to the
rarity of wireless channel resources. Also the hidden and exposed terminal problem exists in the Ad
Hoc network which is the major factors restricting its development and applying. Considering these
factors, this paper proposes a new CSMA protocol: multi-channel two-dimensional probability CSMA
for wireless Ad Hoc network protocol based on three-way handshake mechanism, and analyzes the
system throughput, delay of information packet, energy consumption and other properties under the
control of the proposed protocol. By using the cycle analysis method, computer simulation results not
only verify the theoretical analysis, but also show that the protocol has the optimum performance. The
proposed protocol can not only reduce the collision probability of information packets to some extent,
improving the channel utilization, reducing the waste of channel resources, but also achieve the
balancing of load in a variety of wireless Ad Hoc network services, meeting the needs by different

priorities with different QoS, and ensuring the systematic efficiency and fairness.

Index terms: Two-dimensional CSMA, multi-channel, three-way handshake, throughput, QoS.
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l. INTRODUCTION

Since the late 1990s, a new network technology emerged rapidly in the field of wireless
communication and wireless self-organization mobile communication network: Ad Hoc network
[1, 2]. This technology quickly penetrates into all areas of civilian communications and the
military communications at the high speed of development.

In the wireless Ad Hoc network, the large number and the flexible mobility of terminal nodes
lead to the precious of wireless channel resources [3, 4]. The hidden and exposed terminal
problems exist in the Ad Hoc network, which are the major factors limiting the development and
applying of mobile wireless Ad Hoc network [5, 6, 7]. Therefore, the study of how to make the
best use of the channel resources efficiently, increase the system capacity, improve security and
stability of the computer network communication as well as resolve the hidden and exposed
terminal problems has been considered as the research topic and difficulty of wireless Ad Hoc
network.

This paper proposes a practical wireless Ad Hoc network protocol on the basis of many research
papers: multi-channel two-dimensional probability CSMA for wireless Ad Hoc network protocol
based on three-way handshake mechanism (MCPDCSMA). These papers have reported the
analytic expressions of system throughput, throughput of each priority, average system delay and
energy consumption of MCPDCSMA by using the average cycle analysis method [8, 9]. Through
the computer simulation, the results show that the proposed protocol not only increases the
reliability and stability of the system, resolves the "hidden terminal™ and "exposed terminal”
problem existing in the Ad Hoc network, avoids the channel congestion to a certain extent,
reduces the collision probability of information packets, improves the utilization of the channel
by adding the inquire response mechanism, but also realizes the balancing of channel load, meets
the different needs by varied priorities with different QoS by taking advantage of multi-channel
mechanism [10].

The rest of this paper is organized as follows: Section 2 introduces the working conditions,
model description as well as the derivation of expression for the proposed schemes, and
simulation results along with discussions are presented in section 3, and the paper concludes with
section 4.
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Il. MULTI-CHANNEL TWO-DIMENSIONAL PROBABILITY CSMA BASED
THREE-WAY HANDSHAKE MECHANISM

a. Analysis of model

In the wireless Ad Hoc network, assuming that nodes have different service requirements by
different priorities, setting N traffic channels in the system, the node occupies the channel
according to their business priorities. Further assume that each priority has unlimited users, and
the priority from low to high in order: priority 1, priority 2... priority N [11]. Priority 1 occupies
the channel 1; priority 2 occupies channel 1 and channel 2...; priority ioccupies channel 1 to
channeli, and so on, which is shown in Figure 1. The arrival information packets on the channel

i conform to the Poisson Distribution [12] with arriving rateG,. The arrival packets of priority
I'on the channel iconform to the Poisson Distribution with arriving rate 4 =G, /(N —i+1). At

this point, the system load balancing, the arrival rate of each channel isG, =G(i=1,2,...,N).

Priority 1 Channel 1

v
Priority 2

Y
Channel 2

Priority [ Channel

Priority N Channel N

Figure 1. The system model of multi-channel CSMA

The receiver and sender both exchange a short data frame when terminal user sends information
packets. The sender receives a reply from the receiver, then the user decides to send information

packets with probability p: when the channel is idle, or gives up sending it with probability
(1- p) ; when the channel is busy, the user continues probing the channel state with probability
pz2, or gives up probing with probability (1— p2). Once the channel is idle, the user will send
information packets in the next slot with probability p:. After the data has been received, the

receiver then sends a confirmation to the sender.
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The IEEE 802.3 MAC frame structure [13] is shown in Figure 2., the frame size is the minimum
frame length: 64 bytes, including the destination address, source address, length types, data and
checksum. In the model of two-dimensional probability CSMA for wireless Ad Hoc network

protocol based on three-way handshake mechanism, the total length of a transmission period

isz—é(h 3a+17, +7.). The total length of the data field is(1+3a+ 7, +7.), while the total length

of other field isi(1+ 3a+7,+7.).
23

6bytes 6 hytes 2 bytes 46 bytes 4 bytes
Destination Source
address address length data checksum
5 64 bytes N

Figure 2. IEEE 802.3 MAC frame structure

The transmission period is divided into the following sections under the control of the protocol:

an interrogation signal RTS, the response signal CTS, an information packet transmission time 1,
ACK monitoring signal a, other information content %(1+3a+TR+Z-C) and the delay time

a .The channel model of two-dimensional CSMA protocol based on three-way handshake

mechanism is shown in Figure 3.

| NAK Others ACK Others NAK Others
AT BT LTI, T [,
T Tc 1 aaa Tq To 1 aaa a a alr, 1. 1 aaa
- P > <| >
D BU - .
Tn

Figure 3. Model of two-dimensional CSMA protocol based on three-way handshake mechanism

b. Analysis of system throughput

In order to analyze the throughput and other important performance parameters of the system, we
make the following assumptions:

(1 The channel is ideal without noise and interference.
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(2 The maximum transmission delay of the channel isa; the slot length of the channel isa; the
information packet length is unit length of 1, and it is integer multiples ofa.

@ The timeline of the channel is divided by a; the information packets arrive within any a and
is sent at the starting time of the next slot.

@ The access to the channel is two-dimensional CSMA protocol based on three-way handshake
mechanism, and the arrival process of information packets in the channel is Poisson Process with
independent parameter G .

® The information packets needing to be sent in the first slot of transmission period TP can
always detect the channel state at the last time.

® The collided packets will be retransmitted in the following slots, and the retransmission
process has no effect on the arrival process.

We set up mathematical model according to the above theoretical analysis and have the following
expressions:

The probability that there are n information packets in the channel i within time t is

p(n) = Y g 1)
n!

The probability that there is m information packets within n which decide to transmit with
probability p, is
N ma,m n-m Gi t " -G,
p(m) = 3. p()CT b1 )" = B o @
The probability that there are h information packets within n which continue to probe the
channel state with probability p, is
- wn (Gp)" -
p(h) = 3. p(Cy pi- )" =GPl o ©
The number of information packets which probes the channel state persistently with probability

p,is h. Information packets decide to transmit with probability p, is k within time ton the

channeli, and its probability is

© ) G t K R
p(k) = Z p(h)C: pjlf (1— pl)h k = %e Gippot (4)
h=k 1

The probability that there is no information packet to be transmitted within an idle slot aon the

channel i is

d; = p(m=0)=e ()
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The probability that there is only one information packet to be transmitted within an idle slot a
on the channeli is

0 = p(m=1)=G;p,ae " (6)
The probability that there is no information packet to be transmitted within a transmission period

%(1+3a+rR +7.)on the channel i is

32
-G p Py —(1+3a+rg+7¢)
0 — 23
Uz, =e (7)

§(1+3a+rR +7¢)

The probability that there is only one information packet to be transmitted within a transmission

period %(1+3a+rR +17.) on the channel i is

32
qu _gGi p,p,L+3a+7, +7.)e 530 PiP2 (133t +7c) @®

£(1+3a+rR +7¢) 23

Then in a cycle periodT, , the probability that i idle events | and j busy events BU continuously

appear on the channel i is

32 32
—Z—SGi pyp, (14+3a+7g+7¢) —2—3Gi PP, (1+3a+75+7¢)

P(N| =1, NBU = J) = (eieipla)i_l(l_eieipla)e (1_6 )j_l (9)
The average number of idle state on the channel i in a cycle period T, is
0 0 . B B 1
E(N,)=>>"ip(N, =i,Ng, =))=—== (10)
i1 j1 1-e™
The average number of busy state on the channel i in a cycle period T, is
o0 0 B B i 1
E(NBU):ZZJP(NI ZI’NBU =])= 32 (ll)
i=1 j=1 e’TSGimpz(l+3a+TR+Tc)

Before calculating the average number of time slots occupied by successful information packets
in the next cycle period, we give the following definition:

U, : There is only one packet to be transmitted with probability p, at the last time slot in the idle

period, and this packet will be sent successfully in the next slot.

U, : The information packets arriving during busy period while probing the channel state
continuously with probability p, in the transmission period and there is the only one packet to be
transmitted with probability p, when the channel is idle. Finally the packet is transmitted

successfully during the next transmission period.

According to the above definition, we make the following analysis:
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@ Within a cycle periodT,, the average number of time slot occupied by U, in the channel i is
E(N,,) , because U, is the event that there is only one packet to be transmitted with probability
p, at the last slot of idle period, then we get

q, _ Gpae
1-q°  1-e® (12)

(@ Within a cycle periodT,, the average number of time slot occupied by U, in the channel i is

E(Nu1) =

E(Ny,) , because U, is the only one information packet transmitted successfully in the next
transmission period (1+2a+17,) with probability p, while the channel is idle, it is one of
information packets probing the channel state continuously with probability p, in the
transmission period TP, then we get
1
E(NUZ):MZ%Gplpz(l+3a+rR+rc) (13)

%(1+3a+rR +7¢)

Therefore, the average number of time slots occupied by successful packets in a cycle period T, is

aGp,e ™ 32
]-_F);—_Gp@+2_36plp2(l+3a+TR+TC) (14)

The average length of time slots occupied by successful packets in a cycle periodT, is

E(Nu ) = E(Nu1)+ E(Nuz) =

aGpe ** 32
l_pé—_epla+z—36plp2(l+3a+TR +TC) (15)

The average length of time slots occupied by busy state in a cycle period T, is

E(U)=E(N,)x1=

2(1+3a+rR +7.)

32

E(BU) = E(NBU)XE(1+ 3a+71y+7.)= e—%Gplpz(mawwrc) (16)

The average length of time slots occupied by idle state in a cycle period T, is

a
E(|)=E(N.)a=1_e—,ep1a (17)
. _ EU.) .
Combined the definition of the channel throughput S, = ' and the above analysis,
E(BU,)+E(l.)

we derive the throughput of channel i under two-dimensional probability CSMA protocol based

on three-way handshake mechanism RTS —CTS is
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aG, p,e ™ L 32

g —_1-em " 23

‘;’2(1+3a+rR +rc)

—G,p,p,(1+3a+7, +7;)

a
e*%Gi PP, (1+3a+7p+7¢) l— e_G' Pid (18)

2
—gGi pp, (I4+3a+7rg +7¢)

(@G pe °™ + ;’g Gip,p, (1+3a+7, +7.)(1-€ ™))

32 o —gGip p, (1+3a+zg+7¢)
2—3(1+3a+rR+rc)(l—e 6Py yge B T C

In the N channels of wireless communication system, channel load balancing,

G =6G,=G,=---=G,=---=G =G , combining with computational formula of system

throughput S =ZN: E(BE_()U;)E(I.)

, We get the system throughput of two-dimensional probability

CSMA protocol based on three-way handshake mechanism

326p1 p, (1+3a+rg+7¢)

Ne 2 (aGp,e ®™ + 32 Gp,p,(1+3a+ 17, +7.)(1—e %))
S=NS = 23 (19)

i 32
32 1+3a+7, +7.)1—e" 2P e
23 R C

Gpla)+ae 23

According to the analysis, under the control of MCPDCSMA, the throughput for the priority | is

ngl p, (1+3a+7g+7¢)

e ® (aGp,e ®™ + 32 Gp,p,A+3a + 7, + 7 )(1—e %))
= (Z 23 _ (20)

|+1 32 2Gp, p, (14+3a+75 +7¢)
2—(1+3a+rR+rC)(1 e ) pae B " °

c. Analysis of average information packet delay

Before analyzing the system delay, we give the following assumptions: the inquired response
signal can always be transferred correctly; ignoring the response time of the confirmed signal. Set
the average retransmission delay to R ,and R is the average delay of a set of signals to be sent

twice.

R=1+r7r,+7.+a+ 29 L+, +TC)+%+43+5—2—2(1+2'R +7.+3a)+a+s  (21)
(G/S-1) is the average number of retransmitted information packets. Then the average

transmission delay of information packets can be expressed as

D=(G/S-)R+1+r,+7. +a+— (1+TR+TC)+243& (G/S- 1)R+3 (1+1R+rc)+2—;a (22)
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Combined with the above expression of throughput and the average transmission delay, the
average information packets delay of channel i for two-dimensional probability CSMA based on
three-way handshake mechanism can be derived as the following

32 N Gp p, (1+3a+7g+7¢)
“G@+3a+r, +7.)1-e ) +Gae 2 " °

D=(——23 —1)R+%(1+1R C)+23
——Gp, p, (1+3a+7rg +7¢
2P (aGp,e +§Gp1 D, (L+3a+ 7, + 7 )(1—e %))

(23)

d. Analysis of system energy consumption

The main energetic expense of the system in communication aspect is divided into three parts:
the energy consumed while detecting channel SPD, energy consumed while sending packets SPS
and energy consumed while receiving packets SPR [14, 15].

Assuming the transmitting power of sensor node is P,
power isP,, .
For the channel i , the number of TP when the channel is busy in a cycle period T,

receiving power is P, detecting channel

tx ! rx?

IS23E(BU,)/32(1+3a+ 7, +7.) . The number that the information packets arrived within "z, ", "

"o, tat "%(1+rR+rc)+% in the busy period probing the channel state and

determining to transmit a packet with probability p, is (%(1+7R+1C)+%)Gi p,, and its

average time is?z’—é(1+ Ts +rc)+;—§a. The number of terminal nodes adhering to detecting the

channel state and determining to transmit a packet with probability p, within "4a" is4ap,G,. Its
average time isa. Then in a cycle periodT,, the total energy consumption of all the terminal

nodes on the channel i is

GuPllg (L T+ 76) + ) (o 7 + 1) + 2 2) +4a TRy

SPD, = 2323 (24)

—[z(lﬁ-3a+rR +7¢)+a]G; p,

Meanwhile, the total energy consumption of information packets successfully retransmitted on
the channel i is
aGple‘G'[’la 32

SpR (L&
| ia+32(1+r +7.)
23 237 f ¢

Gpl p,(1+3a+7;+17.)

)P (25)

rx
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The average number of information packets transmitted with probability p,on the channel iat

the first TP in the idle period is

ASF. =ap,G, (26)
The average number of information packets transmitted with probability p,on the channel i of

each TP in the busy period is

ASL, =G, p1(2—§(1+3a+rR +7.)+a) (27)

Then in a cycle periodT,, the energy consumption of sending information packets by all the

terminal nodes is

aGpe ™ 32

“ooa T - Gpp,(1+3a+17, +17.)
SPSi=[aplGi+Gip1(%(1+3a+rR+rc)+a)(( 1-e P14 23
23 —a+—([A+7,+7.)
23 23

Since each channel load balancing, in a cycle period, the energy consumption of all nodes in the

~11p, (28)

system is

N, SPD, +SPR +SPS,
ECA:Z D)
i=1 i

-Gp,a
Gipz[(%(uTR+TC)+%)(%(1+7R+Tc)+£a)+4a2]pdd %+%Gplpz(l+3a+rR+rC)
e—[%(l+3a+z—,ﬁrc)+a]G,p2 ia+¥(]_+z- ir ) X
X < A
-Gpa
32 alG_pé?Gpla +%Gp1p2(l+3a+rR+rC)
[ap.G, + G, pu (o (L +3a+ 7, +7c) +a)(( 2 ~)IR}/ E(T)
—a+—(+r,+7;)
23 23
(29)
32

—(+3a+7ry+7;) a
where E(T,)=E(l,)+E(BU,) =23 _ —2
1_e ipa

—2—36p1 p, (I+3a+rg+7¢)

Il. SIMULATION RESULTS AND ANALYSIS
Based on the above theoretical analysis, the paper simulates the multi-channel two-dimensional

CSMA for wireless Ad Hoc network protocol based on three-way handshake mechanism using

MATLAB 7.0. Computer simulation results are shown from Figure 4 to Figure 15.
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Figure 4. The throughput of MCPDCSMA (a=0.1, p, = p, =0.1,7, =0.01, 7. =0.007)
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The system throughput of DPRTS-CTSCSMA/ACK protocol with 4 channels
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The throughput of DPRTS-CTSCSMA/ACK protocol with different priorities
0.9

0.8 'ﬁ ’ !
/ X . priority 4
0.7 T‘ 1%(
R
riority i3
0.5 : priority

0.4

FioHTy 2

throughput(S)

0.3
. priority 1

0.2

R e iy i

o : T -
0 5 100 150 200 250 300 350 400

arriving rate(G)

Figure 7. The throughput of different priorities with 4 channels

99



INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS VOL. 10, NO. 1, MARCH 2017

The throughput of DPRTS-CTSCSMA/ACK protocol with different priorities

2 T T
ﬂ % simulation value
1.8

E theoretical value []

Ny [EN

throughput(S)
-
>

0.8

0.6 \

0.4 Xﬁx%

0.2 i
M‘**‘*‘*-H*H#i %

0 50 100 150 200 250 300 350 400
arriving rate(G)
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The throughput of DPRTS-CTSCSMA/ACK protocol
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The throughput of DPRTS-CTSCSMA/ACK protocol
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The comparison of system delay for different protocols
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The comparison of system delay for different protocols
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Figure 15. The comparison of system delay for different protocol
From the above simulation results, we can conclude that the multi-channel two-dimensional
CSMA for wireless Ad Hoc network based on three-way handshake mechanism has the following
characteristics:

103



INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS VOL. 10, NO. 1, MARCH 2017

(1) The theoretical values and simulations are highly unified under the multi-channel two-
dimensional CSMA for wireless Ad Hoc network based on three-way handshake mechanism, it
denotes the correctness of above analysis. Meanwhile, the throughput of two-dimensional CSMA
for wireless Ad Hoc network based on three-way handshake mechanism has decreased due to the
introduction of response mechanism. System delay has increased because the system functions
become relatively complex; communication packets transmitted carry more other control
information; the channel resources occupied by communication system become more and more;
the energy consumption will increase inevitably, leading to the increase of system delay.
However, such system ensures the safety and reliability of the communication system, reducing
the probability of collision and increasing the throughput especially when the system is in light
load. So the system has an excellent throughput performance.

(2) Regardless of the grade level, no matter how the load is heavy or light, each priority services
in the system can always get enough channel resources and throughput to meet their business
needs. Only high-priority businesses can get more resources, while lower priority gets less
without fail. The applications of multi-channel mechanism both meet the requirements of high-
priority as well as fairness.

(3) Whether the system delay a, or detecting probability p, , or probing probability p,, the impact
on system throughput is particularly evident. The selection of p,and p, mainly depends on the
system load. When the load is light, we can choose larger value of p,and p, to make the system
throughput and utilization high. While the system is heavily loaded, we can select smaller value
of p,and p, to reduce the probability of collision and improve the system throughput. From the
view of system, the smaller the delay a is, the greater system throughput will be.

(4) The smaller thez,z. parameter is, the greater the system throughput will be. This is due to
the frame length of inquire-answering signal reduce, the effective data contained in a data frame
will be more, the greater the throughput of the system will be.

(5) Compared with the other type protocols of two-dimensional probability, DPCSMA/ACK and
DPCSMA protocol, the system delay using the DPRTS-CTS CSMA/ACK protocol has been

increased. Therefore the protocol can ensure the reliability of information transmission by adding

monitoring mechanism, which is bound to increase the system consumption.
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IV. CONCLUSION

Due to the dynamic and flexible network topology, Ad Hoc network can realize wireless
transmission services for data, voice, and video in harsh environmental condition. Therefore, Ad
Hoc network has a great prospect in development no matter in the military or in civilian areas.
The wireless channel access protocol of Ad-Hoc network have been regarded as the key research
and difficult points, and the system throughput, channel utilization and system delay all depend
on the practical protocol.

The paper proposed multi-channel two-dimensional probability CSMA protocol for wireless Ad
Hoc network based on three-way handshake mechanism. The introduction of the response
RTS — CTS mechanism increases the reliability and stability of the system, avoiding the collision
possibility of the information packets to a certain extent, improving the channel utilization; the
use of the multi-service priority control enables the channel load balancing, but also solves the
problem of the hidden and exposed terminal. The computer simulation experiments show that the
choice of detecting probability, probing probability and system delay have a great influence on

the system throughput.

ACKNOWLEDGEMENTS

The authors would like to give their sincere thanks to the financial support of National Natural
Science Foundation of China (N0.61461053, N0.61461054, N0.61072079), Natural Science
Foundation of Yunnan Province (N0.2010CD023) as well as the Financial Support of Yunnan
University (No.XT412004). The authors are indebted to the reviewers, who give much help in
improving the content and flow of the paper.

REFERENCES

[1] Jing Qu, Hao Zhang, Xiangquan Zheng, “Network Overview of Mobile Ad Hoc”, Journal of
Chongging Communication School, vol. 24, no.3, 2006, pp. 27-29.

105



INTERNATIONAL JOURNAL ON SMART SENSING AND INTELLIGENT SYSTEMS VOL. 10, NO. 1, MARCH 2017

[2]Rabindra Kumar Shial , K. Hemant Kumar Reddy, Bhabani Sankar Gouda, “Finding a Trusted
and Shortest Path Mechanism of Routing Protocol for Mobile Ad Hoc Network”, Advances in
Intelligent Systems and Computing, vol. 248, no. 1, 2014, pp. 311-320.

[3] Conti M, Giordano S., “Mobile Ad hoc networking: milestones, challenges, and new research
directions”, IEEE Communications Magazine, vol.52, no.1, 2014, pp. 85-96.

[4] Gandhi C, Arya V., “A Survey of Energy-Aware Routing Protocols and Mechanisms for
Mobile Ad Hoc Networks”, Intelligent Computing, Networking, and Informatics, Springer India,
vol. 243, no.1, 2014, pp.111-117.

[5] Caishi Huang, Chin-Tau Lea, Albert Kai-Sun Wong, “The Hidden and Exposed Terminal
Problem”, Computer Networks, vol. 56, no.14, 2012, pp. 3261-3273.

[6] T Watanabe, K Naito, K Mori, H Kobayashi, “Study of Local Alternative Ad Hoc

Routing Protocol for the Exposed Terminal Problem”, In: Proceedings of International
Symposium on Intelligent Signal Processing and Communications, 2006, Beijing, pp.55-58

[7] Wang L, Wu K, Hamdi M., “Attached-RTS: Eliminating an Exposed Terminal Problem in
Wireless Networks”, IEEE Transactions on Parallel and Distributed Systems, vol.24, no.7, 2013,
pp.1289-1299.

[8] Dongfeng Zhao, “Study on A New Method for Continuous-time Systems of Random Access
Channel”, Journal of Electronics, vol.21, no.1, 1999, pp. 37-41.

[9] Mingxin Yang, “Optimal cluster head number based on entroy for data aggregation in
wireless sensor networks”, International Journal on Smart Sensing and Intelligent Systems, vol.8,
no. 4, 2015, pp. 1935-1955.

[10] Cheng B, Ci L, Tian C. , “A Multi-channel MAC Protocol with High Throughput for
Wireless Sensor Networks”, Advanced Technologies in Ad Hoc and Sensor Networks, Springer
Berlin Heidelberg, vol.295, no. 1, 2014, pp.145-154.

[11] Ming Fu,Xia Yang,Yuxu Peng, Dun Cao, “Analysis of TCP Performance of Multi-channel
Ad Hoc Networks Based on Cross-layer”, International Journal of Digital Content Technology &
its Apples, vol.7, no.9, 2013,pp. 321-328.

[12] T. Azuma, “Design and Experimental Verification of State Predictive LQG Controllers for
Networked Control Systems”, International Journal on Smart Sensing and Intelligent Systems,
vol.7, no.3, 2014, pp.1201-1220.

[13] Zhenjia Lei, “Network Engineer Tutorial”, Tsinghua University Publication, 2006

106


mailto:rkshial@yahoo.com
http://link.springer.com/bookseries/11156
http://link.springer.com/bookseries/11156
http://link.springer.com/bookseries/11156
http://www.sciencedirect.com/science/article/pii/S1389128612002174
http://www.sciencedirect.com/science/article/pii/S1389128612002174
http://www.sciencedirect.com/science/article/pii/S1389128612002174
http://www.sciencedirect.com/science/journal/13891286
http://www.sciencedirect.com/science/journal/13891286/56/14
http://xueshu.baidu.com/s?wd=author%3A%28T.%20Watanabe%29%20Div.%20of%20Electr.%20%26%20Electron.%20Eng.%2C%20Mie%20Univ.%2C%20Tsu&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28K.%20Naito%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28K.%20Mori%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=author%3A%28H.%20Kobayashi%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
http://xueshu.baidu.com/s?wd=paperuri%3A%289b36503c030043fa072949431aa61e5b%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4212221&ie=utf-8&sc_us=12687457516661977580
http://xueshu.baidu.com/s?wd=paperuri%3A%289b36503c030043fa072949431aa61e5b%29&filter=sc_long_sign&tn=SE_xueshusource_2kduw22v&sc_vurl=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D4212221&ie=utf-8&sc_us=12687457516661977580

Yifan Zhao, Hongwei Ding, Yingying Guo, Jing Nan, Shengjie Zhou, Shaowen Yao, Qianlin Liu, ANALYSIS OF MULTI-CHANNEL
TWO-DIMENSIONAL PROBABILITY CSMA ADHOC NETWORK PROTOCOL BASED THREE-WAY HANDSHAKE MECHANISM

[14] Takehito Azuma, “ A Method to Design Pid Controllers Using FRIT-PSQO”, International
Journal on Smart Sensing and Intelligent Systems, vol.8, no.4, 2015, pp.1876-1895.

[15] El-Hoiydi A, Decotignie J D., “Wise MAC: An Ultra Low Power MAC Protocol for the
Downlink of Structure Wireless Sensor Networks”, The 9" Int’l Symptom. on Computers and
Communications Alexandria, 2004, pp.244-251.

107



	ANALYSIS OF MULTI-CHANNEL TWO-DIMENSIONAL PROBABILITY CSMA AD HOC NETWORK PROTOCOL BASED THREE-WAY HANDSHAKE MECHANISM
	Yifan Zhao1, Hongwei Ding1, *, Yingying Guo1, 2, Jing Nan3, Shengjie Zhou1, Shaowen Yao1, Qianlin Liu1
	a. Analysis of model
	Figure 1.  The system model of multi-channel CSMA
	Figure 2.  IEEE 802.3 MAC frame structure
	Figure 3.  Model of two-dimensional CSMA protocol based on three-way handshake mechanism
	b. Analysis of system throughput
	c. Analysis of average information packet delay
	d. Analysis of system energy consumption
	Figure 4.  The throughput of MCPDCSMA
	Figure 5. The comparison of system throughput under three different protocols
	Figure 6. The system throughput with 4 channels
	Figure 7. The throughput of different priorities with 4 channels
	Figure 8. The system throughput with 5 channels
	Figure 9. The throughput of different priorities with 5 channels
	Figure 10. The comparison of system throughput with different  and
	Figure 11. The comparison of system throughput with different  and
	Figure 12. The comparison of system throughput with different  and
	Figure 13. The comparison of system throughput with different , and
	Figure 14. The comparison of system throughput with different
	Figure 15. The comparison of system delay for different protocol
	ACKNOWLEDGEMENTS
	REFERENCES

