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Abstract—Since wireless links are relatively weak, bandwidth
is relatively limited and there is no support for fixed
infrastructures, clustered Ad Hoc networks are easy to be
disturbed by channel noises. Therefore, clustered Ad Hoc
networks have poor channel transmission performance and are
unable to enter the large-scale practical application stage in a
short period of time. To improve the channel transmission
performance of clustered Ad Hoc Networks and the practical
value of the cooperative multi-input multi-output (MIMO)
technology, a cooperative MIMO transmission mechanism
based on phase-inversion symmetric method (PISM-CMIMO)
is proposed, which absorbs the advantages of phase-inversion
symmetric method and cooperative MIMO technology and
makes full use of the correlation of the adjacent channel noises.
This paper presents the transmission process of PISM-CMIMO
system in detail. Through theoretical analysis and system
simulation, it shows that the signal-to-noise ratio (SNR) gain of
the proposed PISM-CMIMO transmission mechanism is 9 times
greater than the traditional cooperative MIMO transmission
mechanism. In addition, the proposed PISM-CMIMO
transmission mechanism has larger link capacity, less bit-error
rate (BER) and can reduce the distance between the cooperative
MIMO mobile terminal antennas, which enhance its practical
value greatly.*

Index Terms—clustered mobile Ad Hoc networks, cooperative
multi-input multi-output, phase-inversion symmetric method.

I INTRODUCTION

A mobile Ad Hoc network (MANET) is a multi-hop
and temporary peer-to-peer network whose nodes act as
terminals and routers. It is a network which can be
quickly founded and does not need to rely on existing
fixed communication infrastructures. It is self-organizing
and self-healing. The control and management of a
MANET are distributed to the terminals, so the nodes
involved work together to communicate and exchange
information (such as voice, image, video, data, etc) via a
wireless link. Every node can join or exit the network
dynamically, randomly or frequently, not disturbing other
nodes in the network [1]-[3]. These unique characteristics
suggest that mobile Ad Hoc network transmission
mechanism must be specially designed.

Cooperative communication technology can be traced
back to the research by Cover and Gamal in 1979 [4]. So
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far, cooperative communication technology has been
widely used. Its main idea is that in the multi-users’
communication environment, the neighboring mobile
users share each other’s antenna to cooperatively transmit
signals, thus generating a virtual environment similar to
multi-antenna transmission environment to obtain spatial
diversity gain and improve the transmission performance
of the system. This theory above is very suitable for
mobile Ad Hoc networks. The research of Sendonaris [5],
[6] showed that the multi-node cooperative transmission
mechanism could greatly increase the system capacity,
and effectively resist fading effects of the wireless
channels.

Dohler [7] put forward the concept of cooperative
multi-input  multi-output  (MIMO). Ref.  [8]-[11]
introduced  cooperative  MIMO  technique into
energy-efficient wireless sensor networks so that the
virtual  cooperative  transmission  networks  with
omni-directional single antenna mobile terminal nodes
would overcome the limits of the traditional MIMO and
sending-receiving diversity gain and array gain collected
could significantly increase the channel capacity, reduce
the end-to-end transmission delay, the energy
consumption of data transmission, and the received bit
error rate (BER). Feng [12] have designed a
weighted-node cooperative MIMO system model based
on clustered Ad Hoc networks. The results of the system
simulation and theoretical analysis showed that this
model was able to obtain larger channel capacity and
higher energy efficiency.

In the light of the phase-inversion symmetric method
(PISM), this paper proposes a new cooperative MIMO
transmission mechanism for clustered Ad Hoc networks,
which absorbs the advantages of phase-inversion
symmetric method [13] and cooperative MIMO
technology. Theoretical analysis and system simulation
show that this mechanism can obtain higher
signal-to-noise ratio (SNR) gain and larger link capacity,
lower bit-error rate (BER) and reduce the distance

between the cooperative MIMO mobile terminal
antennas.
Il NETWORK MODEL
Mobile Ad Hoc networks can divided into flat

structure and hierarchical structure, and the latter is dealt
with in this paper. As shown in Fig. 1, a certain number
of nodes adjacent in position are considered as a group,
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called as a cluster. Each cluster has a head responsible for
the management of this cluster. However, just as Feng et
al. proposed in [12], each cluster is called as a virtual
node (VN), the head as a kernel node (KN) and the
remaining nodes as team nodes (TNSs) (i.e. Ay, Ay, By, By,
etc in Fig. 1). And all the actual links corresponding
between two VNs are set into a virtual link (VL). In
addition, if TNs in two VNs can inter-exchange, they are
known as adjacent VNs that can form a virtual backbone
network via the VL. Now assuming that any nodes in a
virtual backbone network can send and receive signals
synchronously, all channel noises between nodes are
additive white Gaussian noises (AWGN).

I PISM-CMIMO TRANSMISSION PROCESSES

According to the network structure shown in Fig. 1, a
virtual link which connects two adjacent virtual nodes
VN, and VNg can be built. Then an optimal cooperative
nodes selection algorithm is used to select a set of 2x2
cooperative nodes for forming a cooperative MIMO
system, and a routing selection algorithm is used to
search for the best path from the source node to the
destination node. However, this paper mainly focuses on
phase-inversion symmetric method-cooperative MIMO
(PISM-CMIMO) transmission mechanism, leaving the
optimal cooperative nodes selection algorithm and the
routing selection algorithm aside. Now assuming that a
source node A in VNa transmits information to a
destination node B, in VNg and A;, A, Bj, B, are
selected optimal cooperative nodes. The transmission
process is shown in Fig. 2.

Figure 2. PISM-CMIMO transmission process.

As shown in Fig. 2, the source node A, packages and
encodes data to be sent, then transmits them to the
cooperative transmit nodes A; and V,. It should be
noticed here that a node whose ID number is relatively
small receives the original data and the opposite receives
the inverted data. Here assuming that the original is
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transmitted to A; and the inverted data to V,. After
modulating the received signals respectively, A;and A,
send them to the cooperative receiving nodes B; and B,,
thus B; receives the modulated original signals and B,
receives ones after inverted. Next the signals which B,
and B, received are subtracted in a sub-tractor after
passing through a band-pass filter and a demodulator.
Finally, the data are decoded and sent to the relay node or
the destination node B,.

In the transmission process, the cooperative nodes A;
and V, send the data to two cooperative reception nodes
B;and B, via an independent channel, respectively. Here
we do not have to care about the distance between the
two channels (the distance between the antennas must

be= ’1/2, where 4 is radio wavelength), even in order to
use the spatial noise correlation to improve the quality of
signal transmission, the distance between the two links is
as adjacent as possible.

IV MATHEMATICAL MODEL AND THEORETICAL
ANALYSIS OF PISM-CMIMO [13], [14]

As for “phase-inversion symmetric method”,
“phase-inversion” means sending two mutually
anti-phase signals synchronously at the sending terminal
then transmitting them, respectively, through two
independent channels in location, while "symmetric"
implies that the transmission characteristics and state of
the two channels should be as consistent as possible, and
the two received signals through the two channels are
subtracted at the receiving end. However in a real
communication environment, the noises existing in two
channels are strongly interrelated, which makes it
possible that the noises may be eliminated.
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Figure 3. Sending and receiving mathematical model of
PISM-CMIMO.

The sending and receiving mathematical model of
PISM-CMIMO is shown in Fig. 3. The source node A

sends the signal S(t),and two signals S0 ang%® are
respectively received by two cooperative transmission

nodes A;and A, (S(t)zsl(t) = Sz(t)), then sent into two
adjacent channels after modulated by two signal carriers
of different frequencies.

The modulated signals are provided as:

X () =s,(t)sinayt 1)
X, (t)=s,(t)sinwt . 2
Two mutually-inverted signals Y,(t) and Y,(t)

received by two cooperative receiving nodes B, and B, in
the virtual node VNg can be written as:
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the channel fading coefficient from the sending antenna i
to the receiving antenna j (i=1,2; j=1,2), n,(t)andn,(t)
are additive white Gaussian noises with zero average in
two independent channels, and we assume two noise

powers are equal (N; =N,).

r,(t) and r,(t) are the output signals of two
band-pass filters whose central frequencies are f, and
f, respectively, then we can get the following formula:

{maq:{mxm 0 }{&aq+{maq "
(1) 0 h,() ] %] [,
where n,(t) and n,(t) are two limited noises after

passing through two band-pass filters.
The demodulated output signals are T, (t) and r,, (t):

loa (t) = S, (1) + g, (1) (5)
o2 (1) = S, (1) + g, (1) (6)

where S, (t) and s,,(t) are two demodulated output

phase-inversion signals; n,(t) and n,(t) are two
demodulated output limited noise signals.
Finally, two signals r,(t) andr,,(t) are subtracted at

the receiving end, then we obtain output signal 1, (t) :

f (t) =l (t) — I (t)
= [Sol (t) + Ny (t)] - [302 (t) + Ny, (t)]
= [Sol (t) - Soz (t)] + [nol (t) - noz (t)] (7)
~ 5,0+, (1)

where s, (t)is the final output signal, and n,(t) is the
final noise output signal.

Let us analyze signal-to-noise ratio (SNR) gain of the
sub-tractor, that is, the SNR gain of PISM-CMIMO

expressed as Gpigy_cvivo - First of all, we define two
output SNRs of two demodulators as:

where H ={ } is a channel matrix, h; (x) is

S,/ N, = E[s5, (0] [’ (1)] ®)
Sz / Nz = E[ng(t)]/ E[ngz (t)] (9)
where S; and S, are powers of

N, and N, are powers of noises.

We know S, =S, from s, (t)=-s,(t), thus output
signal power of the sub-tractor can be written as:

So = E[S§ 1= E[Sol t)- So2 (t)]2
~ E[25,, (O = 4E[s5,(1)] = 45,

input signals ,

(10)

Correspondingly, the output noise power of the
sub-tractor is:

No = E[nol (t) — Ny, (t)]2
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= E[njl (t) + njz (t) - 2n01 (t)noz (t)]
=N, +N,-2p /NN, (11)

=2(1-p)N,

where p= E[nol(t)noz(t)]/JNlN2 is the correlation
coefficient of two adjacent channel noises.
Thereby the output SNR of the sub tractor is:

So/N, =(48)/[2- pIN,1=[2/(A1= p)I[S,/N,].  (12)

Finally according to Eq. (12), the SNR gain of the
PISM-CMIMO system is

Grism_cmimo = (So / No) (S, /N,) =2/ (1-p). (13)

Now let us consider a traditional 2>2 cooperative
MIMO system as shown in Fig. 4.

]I] 1

—_—
hyy
]l]
—_—

co-receiving user R,

co-sending user

1122

co-sending user S, co-receiving user R,

Figure 4. Traditional 2>2 cooperative MIMO system model.

Assuming that two cooperative sending users
S, and S, simultaneously and respectively send a
complex signal s, (t) or s,(t) ata given time t, then at
the receiving end, the received signals of two cooperative
receiving nodes R, and R, can be written as:

r(t s, (t n, (t
{qurh mﬂ{xq+{mq )
LM [Ny Ny (s, O] [n()
h, hy,
I"|21 h22
channel fading coefficient from the sending antenna i to
the receiving antenna j (i =1,2; i=1,2), n(t)and n,(t)
are additive white Gaussian noises with zero average
received by two cooperative receiving nodes R,andR,.
Assuming that channel state information (CSI) has

been known at the receiving end, thus using a diversity
combining technique can estimate the sending signal, it is

where H =[ }is a channel matrix, h; (x) is the

s(t) = a, (OF, (V) + o, (O, (1) (15)

where «,(t) and o, (t) are weights, if combining Eq. (14)
and Eq. (15), we can get a new formula:

5(t) = o, ([, () + s, (0 + 1 (0] +
o, (O[5, () + g8, () + 0, ()]
= oy (t)hy,8, (1) + a; (H)hy,s, (1) + o (N, (1) +
a, (Dhy;S, (1) + a, (Hhy,s, (1) + a, (D), (1)
= [al Ohy +a, (t)th]Sl(t) + (16)
[al Ohy, +a, (h,, ] s, (t) +
o ()N, (t) + o, (DN, ().
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To facilitate the analysis, we set h =h;
h, =h, =h,, . Thus Eq. (16) can be simplified as

:h217

SR CYCRTAG) LEXORI CAORTAC) LEA O R,
& O (0) + 2, O, (1)

It is known from [15] that the effect of maximal ratio
combining (MRC) technique is the best in three typical
receiving combining techniques (maximal ratio
combining, equal gain combining, and selection
combining), so MRC is used in this paper. We set
o, (t) = ph, e, (t) = Bh,, then the estimated value of the
total sending signal can be obtained

= [ﬂhl +ﬂh2:|hlsl(t)+[ﬂhl +ﬂh2]h282(t)+

phn () + h,n, ()

= B[h +h,]hs, (t) + B[h +h, [hs, (t) + (18)
phn, (t)+ gh,n, (t)

= B + )5, (0)+ (b, +07)s, (0) +hun, (t) + hyn, (1)

Assuming that the channel fading coefficient h, = 2h,
then Equation (18) can further be simplified as:
s(t) = B{6h2s, (t) + 6h2s, (1) + h, [2n,(©) + 1, ()]}
=68h; [s,(t)+5,(t)]+ Bh, [2n,(t) +n, (1)]
=5, ()+n(t) (19)
where Sizt) is the estimated value of the original

transmitting data; nft) is the estimated value of the total

receiving noises.
Thus the estimated SNR of the total sending signals
can be written as:

e[ Jopn: (,0+5,0) |

[ |h, (20, 0+ n, O)f |

S
§

) |2,8h2|2 E[Isl(t)+sz(t)|2]
10l e[l 00 ]

364, E|[s,0)+5, 0 |
- A E[ e @+, |
36|h,|° S
E[4nf (t) + 03 (©)+4|n, )] |n, )] ]
36/h,|* S

4N, +N, +4p NN,

where S = E[|51(t) +5, (t)|2] is the total power of actual

(20)

sending signals; N, = E[|nl(t)|2] is the power of actual
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noise signal n,(t) ; sz[lnz(t)lz] is the power of

actual noise signal n,(t) ; p = E[n,(t)n,(t)]/ (NN, )" is

the correlation coefficient of noise signals received by
two cooperative receiving nodes.
Suppose the digital features of noises in two adjacent

channels should be similar, i.e., N=N;=N,, and all
signals pass through the channels without fading, that is
h, =1, then Eq. (20) can be further simplified as:

)

S__ 4 2 s 1)

IQI 2+ p)N  (L+p) N

SNR gain of the 2x2 cooperative MIMO system can
be obtained as

Gowmo =,/ N S/N) =2/ p)- (22)
Further,

GPISM —-CMIMO / GCMIMO

=+p)/L-p). (23)

From Eq. (15)’ we can get GPISM—CMIMO/GCMIMO =1
when # =0, which means the SNR gain the of
PISM-CMIMO is the same as that of traditional
cooperative MIMO. Thus PISM-CMIMO does not apply
to the environment where noises in adjacent channels
have no correlation, i.e., the traditional cooperative
MIMO transmission mechanism is sufficient to achieve
the desired results. However, the noises in a real adjacent
channel is strongly relative, that is, » > 0 (if the distance
of antennas is less than three meters, the correlation
coefficient of noise in adjacent channels can be up to 0.8
[16]), then Gpgu_cvimo / Gemmo =9, Which implies that
cooperative MIMO using phase-inversion symmetric
method can obtain 9 times SNR gain as much as
traditional cooperative MIMO.

V  APPLICATION RANGE OF PISM-CMIMO
TRANSMISSION MECHANISM

Shannon [17] gave the well-known Shannon formula:
C =Blog, (1+(S/N)) (24)

where B is the channel bandwidth, S is the signal power,
N is the noise power. If the channel bandwidth B is
increased to 2 times, thatisB'= 2B, then N'=2N (i.e,,
the power of AWGN is proportional to the channel
bandwidth). Thus, the channel capacity becomes:
=B'log, (1+(S/N")
=2Blog,(1+(S/2N))
=Blog, (1+(S/2N))?
=Blog, (1+S/N +(S/2N)?)

=Blog,(1+S'/N’). (25)
Then the SNR of system can be written as:
S'/N’=S/N +(S/2N)°. (26)
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Therefore, if the traditional way of doubling the
channel bandwidth is used to improve the SNR of a
system, the SNR gain is as follow:

G=(SNY/(S/N) =L+ 5 (S/N). @)

From Eq. (13), if the phase-inversion symmetric
method is used, the SNR gain is
Geoisu_cmimvo = (So I N) (S, /N))=2/(1-p).

Now, if Gpgy_cvumo =2G, in order to improve the
SNR of a system, the PISM-CMIMO, a better way than

the traditional one, is used to increasing channel
bandwidth. Thus, we can get the following constraints:

2/(1-p) > 2[1+%(S/N)]

S/N <(4p)/@-p). (28)

From Eg. (28), the smaller the SNR of the original
system is, the better the effect of PISM-CMIMO
transmission mechanism is. From Eq. (27), when the
original system has a very small SNR, the effect of
increasing bandwidth to improve SNR is not obvious. For
example, if S/N=1/2 in an original system, then
G=1.12, that is the SNR is improved by 12.5%
through doubling the bandwidth. Thereby PISM-CMIMO
transmission mechanism is more suitable for a network
which has a small SNR.

With the absence of support for fixed communication
infrastructure, the wireless links in clustered mobile Ad
Hoc networks are variable and instable, thus there are
strong noises existing. Therefore using PISM-CMIMO
transmission mechanism in clustered Ad Hoc networks
can significantly improve the quality and SNR of the
transmitted signals.

VI SIMULATION AND ANALYSIS OF PISM-CMIMO

[18][19]

A. Analysis of the SNR Gain of PISM-CMIMO

According to Eg. (13) and Eq. (22), the PISM-CMIMO
system is simulated by MATLAB software. Compared
with the SNR gain of traditional cooperative MIMO
system, the simulation result is shown in Fig. 5.

25 T T T
—%— CMIMO
—— PISM-CMIMO

-
*
|

i i
03 04 a5
correlation coefficient

Figure 5. Comparison result of SNR gains of PISM-CMIMO and
cooperative MIMO.
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In Fig. 5, the x-axis represents the correlation
coefficient o of noises between two adjacent channels,
which is increasing with decreasing of the distance
between the mobile terminal antennas, and by measuring
if the distance between antennas is less than three meters,
the correlation coefficient p of noises in adjacent
channels can be up to 0.8; the y-axis represents the SNR
gain of different systems. The result in Fig. 5 shows
when the cooperative mobile terminals are at a distance
with each other and make their channel noises tend to
less correlation, the PISM-CMIMO transmission
mechanism is not superior to the traditional way.
However, with the distance between the mobile terminals
shrinking, PISM-CMIMO can be able to obtain a higher
SNR gain, and thus improve the quality of the receiving
signals and the anti-noise performance of the system.

Further, let us see the well-known Shannon formula
C =Blog, 1+ (S/N)) . With the increase of S/N, thus
the channel capacity C will be improved in the case of the
same channel bandwidth.

B. Analysis of Channel Capacity of PISM-CMIMO
Considering Shannon formula again:

C=Blog,(1+S/N). (29)

In order to compare with the traditional 2x2
cooperative MIMO, set SNR=S/N , SNR=10log,, A,

then get A=10C"*"9. Thus, the channel capacity per
bandwidth can be changed into

C=log,(1+A). (30)

which is also the channel capacity of single-input
single-output (SISO) system.

Traditional cooperative MIMO system is the same as
distributed MIMO system in essence, so they have the
same channel capacity [20]:

P Q]
o

(31)

2

C =W log, det[lm +
n

X

where W is the bandwidth of each sub channel, thus the
channel capacity per bandwidth can be modified as

PQ]
O

2

C=log,det| I+

9, [ n (32)
where n, is the total number of the receiving antennas, n;
is the total number of the sending antennas, I, is a
min(n, N, ) -order unit matrix, R is a ng>nr-order random
matrix which follows a normal distribution. If ng< ny,
thenQ=HH":ifn, >n,  thusQ=H"H . Pis the total
power of all sub-channels, and &2 is the noise power of
every receiving antenna, then P/co?is the SNR at the
receiving end.

So the channel capacity per bandwidth can be further
presented as:
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C:Iogzdet(lm+nﬁQ) (33)

I

where SNR=10log,, A, and A =10(SN?20)
If ng=n; =2, the channel capacity of 2x2
cooperative MIMO can be obtained as follows:
A

C =log, det(l2+EQj, (34)
From Fig. 5, we know that the SNR gain of
PISM-CMIMO is 9 times greater than that of traditional
cooperative MIMO when p > 0.8 If the input SNRs of
two systems are normalized, then the output SNR of
PISM-CMIMO is 9 times greater than that of traditional
cooperative MIMO. Thus, the channel capacity per

bandwidth of 2x2 PISM-CMIMO is
C:Iogzdet(lﬁ%\Q). (35)
According to Eq. (30), Eg. (34) and Eg. (35), the
channel capacities of SISO, 2x2 cooperative MIMO

and 2x2 PISM-CMIMO are simulated and analyzed
respectively. The result is shown in Fig. 6.

T T T T T T T

T T
—»—sIso
161 —e— cMiIMO
—%— PISM-CMIMO

channel capacity

0 2 4 6 g 10 12 14 16 18 20
SNR

Relationship between the channel capacity and SNR of three
systems.

Figure 6.

Fig. 6 shows that PISM-CMIMO has relatively larger
channel capacity. The reason is that PISM-CMIMO takes
full advantages of the correlation of noises in adjacent
channels so that the SNR gain of the system is improved
and the channel capacity of the system is increased in the
case of the same channel bandwidth.

Due to the limitations of clustered mobile Ad Hoc
networks, the channel bandwidth of such system is very
limited. Therefore, it is not suitable to increase channel
capacity by increasing system bandwidth while the way
of increasing SNR is relatively well. Above all, the
PISM-CMIMO transmission mechanism is feasible for
clustered mobile Ad Hoc networks.

Extending 2x2 PISM-CMIMO to 2nx2n PISM-
CMIMO, the changes of channel -capacity after
simulation by MATLAB can be observed, as shown in
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Fig. 7 and Fig. 8.

Fig.7 shows that the channel capacity of PISM-MIMO
is increasing with the increase of the SNR and the pairs
of sending-receiving antennas, which suggests that we
can improve the channel capacity and transmission rate
of the system via increasing the number of cooperative
mobile terminals.
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Figure 7. Relationship between the channel capacity and SNR of
22N p|5\M-CMIMO.
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Figure 8. Relationship between the channel capacity and the number
of sending and receive antennas of PISM-CMIMO.

From Fig. 8, we can observe the results as follow.

1) When ny <n; , channel capacity remains nearly
unchanged with the increase of the number of sending
antennas.

2) Whenng >n; , channel capacity has a little increase
with the increase of the number of receiving antennas.

3) Whenng =n;, channel capacity increases linearly
with the increase of the number of sending-receiving
antenna pairs. Meanwhile, the system gets full diversity
effect, and the space resource is utilized maximally.

Thereby, when using PISM-CMIMO transmission
mechanism is introduced into clustered mobile Ad Hoc
networks, the system model in which the number of
sending-receiving antenna pairs is always same should be
adopted as much as possible, but it also needs to consider
the complexity and energy consumption of the networks.

C. Analysis of BER of PISM-CMIMO

293
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Monte Carlo simulation method is used to simulate the
real signal transmission processes of PISM-CMIMO,
cooperative MIMO (using space-time block coding) and
SISO systems respectively. In this process, Function
randn() is used to simulate a Gaussian random channel
with zero mean and unit variance(whose mean score is 0
and the variance is 1). In this channel, there is AWGN

whose mean is zero and power spectral density is N, /2,

Besides, BPSK mapping method is used in simulation,
normalizing all the receiving  signals. As
for 2x 2 cooperative MIMO system, we use the best
selection combining mechanism to simultaneously
receive two signals. Finally the maximum likelihood ratio
criterion is used to recover the original sending signal at
the receiving end of each system. Fig. 9 and Fig. 10
present that the relationship between BER and the
received SNR of each system.

Fig. 9 and Fig. 10 show that with the increase of the
receiving SNR of the system, the BERs of three systems
(PISM-CMIMO, cooperative MIMO and SISO) are all
declining. The reason is that the transmission
performance will be improved as the receiving SNR
increases, thus the probability of transmitting error code
will be decreased.

{ —+— Pism-cmivo |-
{ —8— cmimo
#— SISO

= 0 1
lowe SNR {dB

Figure 9. Relation between BER and low SNR of PISM-CMIMO,
cooperative MIMO and SISO

—4— PISM-CMIMO |
—— CMIMO

10 "
high SNR /dB

Figure 10. Relation between BER and high SNR of PISM-CMIMO,
cooperative MIMO and SISO

Vertical comparison of the three curves in Fig. 8
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shows that the BER of 2x2 PISM-CMIMO transmission
system is the lowest, and that of SISO transmission
system is the relatively highest when the receiving SNR
is less than 5dB. Fig.10 shows that the BER of
the 2x 2 PISM-CMIMO transmission system tends to be
consistent with that of the 2x2 cooperative MIMO
transmission system when the receiving SNR is greater
than 5dB. The above shows that the cooperative MIMO
transmission mechanism combined with phase-inversion
symmetric method is more suitable for the transmission
network with small SNR. However, the cooperative
MIMO transmission mechanism connected with
space-time coding method would have good effect on the
transmission network with high SNR.

Therefore, PISM-CMIMO transmission mechanism is
very suitable for clustered mobile Ad Hoc networks with
low SNR, which will greatly reduce the BER of the
network, improve the quality of the transmitted signals,
and make clustered mobile Ad Hoc networks into the
stage of practical application earlier.

VIl CONCLUSIONS

The noises in real adjacent channels has a strong
correlation, but the traditional cooperative MIMO system
claims the distance between the mobile terminal antennas
should be large enough in order to avoid this correlation,
restricting its application in clustered mobile Ad Hoc
networks. This paper proposes a cooperative MIMO
transmission mechanism based on phase-inversion
symmetric method (PISM-CMIMO) in which the
correlation between the adjacent channel noises is
utilized as a favorable resource so that the minimum
distance of the mobile terminal antennas is not limited. In
addition, theoretical analysis and system simulation
results show that PISM-CMIMO transmission
mechanism enables Ad Hoc networks to obtain greater
output SNR, improve the channel capacity per bandwidth,
and reduce the BER of the system in a low SNR
environment, thus overcoming its shortcomings of
self-limitation and big noise, and improving the
transmission performance of Ad Hoc networks.

ACKNOWLEDGMENTS

This work was supported in part by a grant from the
National Natural Science Foundation Project of China
(No. 60872019).

REFERENCES

[1] M. Natkaniec, K. K. Szott, S. Szott, and G. Bianchi, “A survey of
medium access mechanisms for providing QoS in Ad-Hoc
networks,” IEEE Communications Surveys & Tutorials, pp. 1-29,
2012.

S. Sesay, Z. K. Yang, and J. H. He, “A survey on mobile Ad Hoc
wireless network,” Information Technology Journal, vol. 3, no. 2,
pp. 168-175, 2004.

L. X. Chen, X. Zeng, and Y. Cao, Mobile Ad Hoc
Networks---Self-Organizing Packet Radio Network Technology,
2nd ed. CA: Beijing, 2012.

[2]

[3]



[4]

[5]

(6]

[71

(8]

[]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Journal of Communications Vol. 8, No. 5, May 2013

T. M. Cover and A. A. EL Gamal, “Capacity theorems for the
relay channel,” IEEE Trans. on Information Theory, vol. 25, no. 5,
pp. 572-584, 1979.

A. Sendonaris, E. Erkip, and B. Aazhang, “User cooperation
diversity, part I. system description,” IEEE Trans. on Commun,
vol. 51, no. 11, pp. 1927-1938, 2003.

A. Sendonaris, E. Erkip, and B. Aazhang, “User cooperation
diversity, part Il: Implementation aspects and performance
analysis,” IEEE Trans. on Commun, vol. 51, no. 11, 1939-1948,
2003.

M. Dohler, “Virtual antenna arrays,” Department of Electrical and
Electronic Engineering, King’s College London, University of
London, London, USA, 2003.

J. Hwang, T. Kim, J. So, and H. Lim, “A receiver-centric
multi-channel MAC protocol for wireless networks,” Elsevier
Computer Communications, vol. 36, no. 4, pp. 431-444, 2013.

V. K. Sachan, S. A. Imam, and M. T. Beg, “Performance analysis
of STBC encoded cooperative MIMO system for wireless sensor
networks,” presented at the IEEE International Conference on
Signal Processing, Computing and Control (ISPCC), Waknaghat
Solan, March 15-17, 2012.

J. M. Chung, J. Kim, and D. Han, “Multihop Hybrid Virtual
MIMO Scheme for Wireless Sensor Networks,” |EEE
Transactions on Vehicular Technology, vol. 61, no. 9, pp.
4069-4078, 2012.

D. Wu, Y. M. Cai, and J. L. Wang, “A coalition formation
framework for transmission scheme selection in wireless sensor
networks,” IEEE Transactions on Vehicular Technology, vol. 60,
no. 6, pp. 2620-2630, 2011.

W. J. Feng, W. Zhao, and D. Wang, “Cooperative MIMO
transmission scheme for clustered Ad Hoc networks,” Journal on
Communications, vol. 33, no. 3, pp. 1-9, 2012.

Y. Z. Xiao, F. C. Ma, B. J. Xiao, and X. F. Han, “Phase-inversion
symmetric method principle and application,” presented at the
Cross Strait Quad-Regional Radio Science and Wireless
Technology Conference(CSQRWC), July 26-30, 2011.

B. J. Xiao, S. L. Huang, and Y. Z. Xiao, “The time domain
phase-inversion symmetric method and its noise resistance
performance,” Journal on Communications, vol. 29, no. 3A, 2008.
T. Luo, Multi-antenna Wireless Communication Principles and
Applications, CA: Beijing, 2005.

B. J. Xiao and L. L. Hao, “Space diversity technology based on
phase-inversion symmetric method,” Journal of Taiyuan
University of Technology, vol. 41, no. 3, pp. () 245-247, 2010.

©2013 Engineering and Technology Publishing

295

[17] C. E. Shannon, “A mathematical theory of communication,” The
Bell System Technical Journal, vol. 27, pp. 379-423, 623-656,
1948.

[18] H. C. Chen, D. Z. Wu, and X. Q. Gao, MATLAB and its
Application in Electronic Information Courses, 3rd ed. CA:
Beijing, 2006.

[19] C. X. Fan and L. N. Cao, Communication Theory, 6th ed. CA:
Beijing, 2006.

[20] G. J. Fosichini and M. J. Gans, “On limits of wireless

communications in a fading environment when using multiple
antennas,” Wireless Personal Communications, vol. 6, pp.
311-335, 1998.

Wanni Liu was born in Yuncheng City, Shanxi
Province, China in 1989 and received the B.S.
degree from Department of Physics and
Electronic Engineering, Mudanjiang Normal
University, Mudanjiang City, Heilongjiang
Province, China in 2011. She is currently
- working toward the M.S. degree with the
‘( )h Institute of Information Engineering, Taiyuan
’ 1 University of Technology, Shanxi Province,
China.
Her research interests include cooperative communications and
mobile Ad Hoc networks.

Yanping Li was born in Taiyuan City, Shanxi
Province, China in 1963 and received the B.S., M,S,
and Ph.D. degrees with the Institute of Information
Engineering, Taiyuan University of Technology,
Taiyuan City, Shanxi Province, China.

She is currently a Professor with the Institute of
Information Engineering, Taiyuan University of
Technology, Shanxi, China. She has directed more
than 50 graduate students and widely published paper in signal
processing for communications and wireless networks. Her research
interests include wireless communications, bandwidth communications
and signal processing.

&

=



http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6186902
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6186902



