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Abstract— The demand for the higher bandwidth is
continuously increasing, and to cater to wireless
communication can be used. The bandwidth has a close
relationship with data-rates in turn has a dependency with
channel capacity. In this paper, the channel capacity is
estimated when CSI is known/not known at the
transmitter and it has been shown that the knowledge of
the CSI at the transmitter may not be very useful. The
channel capacity for the random MIMO channels is also
estimated through simulation and outage capacity is
discussed. Finally, MIMO channel capacity in the
presence of antenna correlation effect is estimated and
obtained results are discussed.
Index Terms— MIMO (Multi input Multi output), CSI
(Channel State Information), SISO, MISO, SIMO, SNR,
Outage channel capacity, correlation.

I. Introduction
Wireless systems continue to strive for ever higher
data rates. This goal is particularly very challenging as
most of the systems are power, bandwidth, and
complexity limited. However, using the multiple
transmitter and receiver the channel capacity can be
significantly increased. Foschini [1] and Telatar [2]
ignited much interest in this area by predicting remarkable
spectral efficiencies for wireless systems with multiple
antennas when the channel exhibits rich scattering and its
variations can be accurately tracked.
The large spectral efficiencies associated with MIMO
channels are due to the fact that a rich scattering
environment provides independent transmission paths
from each transmit antenna to each receive antenna.
Therefore, for single-user systems achieves a capacity
on approximately

min( NT , N R ) separate channels,
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N

N

where T is the number of transmit antennas and R is
the number of receive antennas. Thus, it can be stated

min( N , N )

T
R
that the capacity scales linearly with
relative to a system with just one transmit and one receive
antenna. This capacity increase requires a scattering
environment such that the matrix of channel gains
between transmit and receive antenna pairs has full rank
and independent entries, and that perfect estimates of
these gains are available at the receiver. Still the question
remains open that the enormous capacity gains initially
predicted [1-2] can be obtained in more realistic operating
scenario, and what are the speciﬁc gains that results from
adding more antennas and/or a feedback link between the
receiver and transmitter.

We focus on MIMO channel capacity in the Shannon
theoretic sense. The Shannon capacity i.e., the maximum
mutual information of a single-user time-invariant channel
corresponds to the maximum data rate that can be
transmitted over the channel with arbitrarily small error
probability.
When the channel is time varying, the channel capacity
has multiple deﬁnitions, depending on what is known
about the instantaneous channel state information (CSI)
at the transmitter and/or receiver and whether or not
capacity is measured based on averaging the rate over all
channel states or maintaining a ﬁxed rate for most channel
states. More particularly, when CSI is known perfectly
both at transmitter and receiver, the transmitter can adapt
its transmission strategy relative to the channel and
therefore channel capacity is characterized by the ergodic,
outage, or minimum rate capacity. Ergodic capacity can be
defined as: the maximum average rate under an adaptive
transmission strategy averaged over all channel states
(long-term average). The Outage capacity deﬁne as: the
maximum rate that can be maintained in all channel states
with some probability of outage (no data transmission).
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The Minimum rate capacity deﬁne the maximum average
rate under an adaptive transmission strategy, that
maintains a given minimum rate in every channel state,
and then averages the total rate in excess of this minimum
over all channel states. When only the receiver has
perfect knowledge of the CSI then the transmitter must
maintain aﬁxed -rate transmission strategy based on
knowledge of the channel statistics only, which can
include the full channel distribution, just its mean and
variance (equivalent to the full distribution for complex
Gaussian channel gains), or just its mean or variance. In
this case Ergodic capacity deﬁne, the rate that can be
achieved via thisﬁxed -rate strategy based on receiver
averaging over all channel states [2-6]. Alternatively, the
transmitter can send at a rate that cannot be supported by
all channel states, in these poor channel states the
receiver declares an outage and the transmitted data is
lost. In this scenario each transmission rate has an outage
probability associated with it and capacity is measured
relative to outage probability (capacity CDF) [1].
In this paper, MIMO system model is discussed in
section II. The capacity of the MIMO channels under
different condition is discussed in section III. In section
IV, the channel capacity is estimated for SISO, SIMO,
MISO and MIMO channels. The channel capacity for the
random MIMO channels is also estimated through
simulation in section V. MIMO Channel Capacity in the
Presence of Antenna Correlation Effect is detailed in
section VI. Finally, the major conclusion of the paper is
discussed in section VII of the paper.

II. MIMO System Model
Consider a transmitter with N transmits antennas, and a
receiver with M receives antennas. The channel can be
Matrix. The

NT
NR
H
S
n
Y
C
N0
ES
SNR
HH
IN

=
y Hs + n .

λ
ς

r
R
N0 /2

ε

COL
CCL
SISO
SIMO
MISO
MIMO

Positive Eigen values of HHH
Gain

s

Rss =

Es
I N where, Es / NT is equal to the power of
NT T

each antenna. In the formula (1), the H can be defined as:

 h11
h
H =  21
.

 hN 1

h12 ........ h1M 
h22 ........ h2 M 
. ........ . 

hN 2 ........ hNM 

Where hij is a Complex Gaussian random variable that
models fading gain between the jth transmit antenna and
ith receive antenna.

III. Capacity of MIMO System:
In the estimation of the capacity of a MIMO system
which consists of N transmitting and M receiving
antennas, the transfer matrix (H) of the system must be
determined. However, there is one more important
parameter is channel state information (CSI), and this CSI
may be known/ not known at the transmitter/receiver.
When the channel state information is not known at the
transmitter the capacity is given by [4]

Rank of matrix
Correlation Matrix
Noise PSD (Power Spectral Density)
Outage capacity
Channel Capacity for the Open-Loop
Channel Capacity for the Closed-Loop
Single Input Single Output
Single Input Multiple Output
=
C
Multiple Input Single Output
Multiple Input Single Output
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(1)

Where s is the transmitted symbol (s1, s2, s3,……, NT )
and the covariance matrix for this transmitted signal is
given by:

Parame te r/abbre viation
T ransmit antennas
Receive antennas
Channel matrix
T ransmitted symbol
Noise
MIMO signal
Channel capacity
Identical noise power
T otal transmitted Power
Signal to Noise Ratio
Hermitian matrix
Identity matrix

Channel

Fig. 1: MIMO system model.

T able 1: List of Symbols

Symbol

N × M matrix H , where H is
N ×1 received signal y is [5].

modeled by the

 
SNR

HH H  
log 2  det  I N +
n

 

(2)
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In this case, the channel capacity is given as
Where det{.} and {.}H denote the determinate and the
Hermitian (complex conjugate transpose) of a matrix
respectively, SNR is the total average Signal to Noise


Es
Ratio equally distributed to each transmit antenna
=
C log 2 det  I N +
HH H 
element and IN is the
3.1

N×N



identity matrix.

(5)



NT N O

R

[4]

Using the eigen-decomposition

CSI is known/not known at the transmitter

3.1.1 Channel Capacity when CSI is available at the
Transmitter

HH H= Q ∧ Q H and the identity where A ∈ C m×n
and B ∈ C n×m , the channel capacity in (5) is expressed
as:

When the channel state information available at the

=
C log 2 det  I N R +
transmitter, modal decomposition can be performed as

shown in the figure 2, in which a transmitted signal is prior
with V in the transmitter and then, a received signal is post
r

E
processed with UH in the receiver [3].
=
log 1 + S

∑

2

i =1

where



r



ES
ES
H 
∧
HH=
 log 2 det  I N R +
NT N O
NT N O 



(6)
λi 
NT N O 

denotes

the

rank

of

H,

that

is,

r = N min  m in( NT , N R ) . From (6), a MIMO channel

Fig. 2: System model when channel knowledge is availed at the
transmitter side.

channel gain of

r

r

∑γ
i =1

i

(3)

= NT .

3.1.2. Channel Capacity when CSI is not available at the
Transmitter Side
When H is not known at the transmitter side, one can
spread the energy equally among all the transmit
antennas, that is, the autocorrelation function of transmit
signal vector s is given as.
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th

SISO channel. It is

H=
F
2

r

λi ς , H has a full rank,
∑=
i =1

N=
N=
N , and r=N, then the channel capacity (6)
T
R

However, the capacity can be increased by resorting to
the so called ‘water filling principle’, by assigning various
levels of transmitted power to various transmitting
antennas. This power is assigned on the basis of the
channel performance, that the better the channel gets, the
more power it gets and vice versa. This is an optimal
energy allocation algorithm.

Rss = I NT

the i

the transmitter and thus, the total power is equally
allocated to all transmit antennas.
Considering the case, when the total channel gain is ﬁxed,
for example,

Subjected to

λi for

observable that the (6) is a special case
with γ=
1,=
i 1, 2,....., r , when CSI is not available at
i

Under this condition the capacity is given by



Eγ
=
C max ∑ log 2 1 + s i λi 
i =1
 NT N O 

can be converted into r virtual SISO channels with the
transmit power ES / NT for each channel and the

is maximized when the singular values of H are the same
for all the (SISO) parallel channels, that is,

λi
=

ς

, i 1, 2,..., N .
=
N

(7)

Formula (7) implies that the MIMO capacity is maximized
when the channel is orthogonal, i.e,
H
H
HH
=
H=
H

ς
IN
N

(8)

which leads its capacity to N times that of each parallel
channel, i.e.,


ς ES 
=
C N log 2 1 +

(4)
 NO N 

(9)
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(h H / h ) s is transmitted instead of s directly.

IV. Channel Capacity of SIMO and MISO Channels

Therefore, the received signal can be expressed as

In this section the channel capacity is modeled for
SIMO and MISO channel. For the case of a SIMO channel

hH
ES h . =
s+z
h

=
y
N
with one transmit antenna and R receive antennas, the
N R ×1
channel gain is given as h = C
, and thus r=1

λ = h

2


E
=
CSIMO log 2 1 + S h
 NO

2


F 


hi = 1,=
i 1, 2,...., N R
2

h

2
F

(10)

,

and

λ = h

1× NT

2

F when CSI
, thus r=1 and 1
given as, h ∈ C
is not available at the transmitter side, the channel
capacity is given as


ES
=
CMISO log 2 1 +
h
 NT N O
hi = 1,=
i 1, 2,...., NT
2

F

(15)

(11

For the case of a MISO channel, the channel gain is

2

 E
 E

2 
log 2 1 + S h F  =
log 2 1 + S NT 
CMISO =
 NO

 NO 

= N R , the capacity is given as

From (11), it can visualize that the channel capacity
increases logarithmically as the number of antennas
increases. It is also observable that only a single data
stream can be transmitted and that the availability of CSI
at the transmitter side does not improve the channel
capacity at all.

h

N

T times in formula (14) and thus, the channel
by
capacity is given as

consequently



E
=
CSIMO log 2 1 + S N R 
 NO


If

(14)

Note that the received signal power has been increased

F . Consequently, regardless of the
and 1
availability of CSI at the transmitter side, the channel
capacity is given as

If

ES h s + z

2
F

,




and

(12)

consequently

= NT , the formula (12) reduces to


E 
CMISO log 2 1 + S 
=
 NO 

(13)

Fig. 3: MIMO channel capacity for SISO, SIMO, MISO, and MIMO
when CSI not availed at the transmitter.

In figure 3, result are drawn with vary number of
transmit and receive for example NT=NR=1 for SISO
system, NT=1 and NR=2 for SIMO system and NT=NR=4
is a MIMO system. It is clear from the figure, that the
SIMO and MISO channel has nearly same performance.
Hence, it can be deduced that, in case of either, single
transmitter and signal receiver the performance is same,
while as the number of transmitter and receiver increases
the performance also.
From the above result, it is evident that the capacity is
the same as that of a SISO channel. One might ask what
the beneﬁt of multipl e transmit antennas is when the
capacity is the same as that of a single transmit antenna
system. Although the maximum achievable transmission
speeds of the two systems are the same, there are various
ways to utilize the multiple antennas, for example, the
space-time coding technique, which improves the
transmission reliability.

4.1 CSI is availed at the transmitter side.
V.
When CSI is available at the transmitter side (i.e., h is
known), the transmit power can be concentrated on a
particular mode of the current channel. In other words,
Copyright © 2013 MECS

Channel Capacity of Random MIMO Channels

Till now we have assumed that MIMO channels are
deterministic. In general, MIMO channels are random in
nature. Therefore, H is a random matrix, which means that
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its channel capacity is also randomly time varying. In
other words, the MIMO channel capacity can be given by
its time average. In practice, random channel is assumed
to be an Ergodic process. Hence, the MIMO channel
capacity can be modeled as,


 
ES

E maxTr ( Rss )= NT log 2 det  I N R +
HRSS H H  
NT N O

 

(16)
This is frequently known as an ergodic channel
capacity. For example, the ergodic channel capacity for
the open-loop system without using CSI at the transmitter
side, from (6), is given as

 r
 ES
 
λi  
COL = E ∑ log 2 
 NT N O  
 i =1

(17)

Similarly, the ergodic channel capacity for the
closed-loop (CL) system using CSI at the transmitter side,
is given as:

CCL


E max


5.1 Outage channel capacity:
Another statistical notion of the channel capacity is the
outage channel capacity. Deﬁne the outage probability as

=
Pout ( R) Pr(C ( H ) < R)

C = E{C ( H )}

r

∑ log
γ i = NT

r
∑i=1

i =1

2

45

(19)

In other words, the system is said to be in outage if the
decoding error probability cannot be made arbitrarily
small with the transmission rate of R bps/Hz. Then, the ε outage channel capacity is deﬁne as the largest possible
data rate such that the outage probability in formula (19) is
less than ε . In other words, it is corresponding to

Cε such that P (C ( H ) ≤ Cε ) =
ε . the capacity for the

random MIMO channel can be performed the cumulative
distribution function (CDF) when CSI is not available at
the transmitter side. Figure 5 and 6 shows the CDFs of the

random 2 × 6 , 2 × 4 MIMO channel capacities when
SNR is 10dB, in which ε =0.1-outage capacity is indicated.
It is clear for the figure the outage capacity is same for any
value of CDF.


 
ES
γ i λi  
1 +
 NT N O
 

 r

 
ES
γ i opt λi  
E ∑ log 2 1 +
 i =1
 NT N O
 

(18)

Fig.5: Distribution of MIMO channel capacity (SNR =10dB; CSI is
not available at the transmitter side).for NT=NR=2 and NT=NR=6.

Fig.4: channel capacity comparison when CSI available and not
available at the transmitter side for random MIMO channel.

In figure 4, data rate Vs SNR is plotted while in presence
/absence of CSI at the receiver, it is evident from the figure,
that the knowledge of the CSI at the transmitter does not
improve the performance of the system. Hence, the
knowledge of the CSI at the transmitter is not an important
parameter in the designing of the system as far as capacity
is concern.
Copyright © 2013 MECS

Fig. 6: Distribution of MIMO channel capacity (SNR =10dB; CSI is
not available at the transmitter side). for NT=NR=2 and NT=NR=4.
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Comparing the figure 5 and 6 it can be deduced that as
the number of NT and NR increases the bit rate as well as
the outage capacity increases.

VI. MIMO Channel Capacity in the Presence of
Antenna Correlation Effect
In general, the MIMO channel gains are not
independent and identically distributed. The channel
correlation is closely related to the capacity of the MIMO
channel. In the sequel, we consider the capacity of the
MIMO channel when the channel gains between transmit
and received antennas are correlated [6-10]. When the
SNR is high, the deterministic channel capacity can be
approximated as

C ≈ maxTr ( R

SS ) = N

log 2 det( RSS )

 E

C ≈ log 2 det  S H w H H w  + log 2 det( Rr )
 NT N O

+ log 2 det( Rt )

From (23) it can be concluded that the MIMO channel
capacity has been reduced, and the amount of capacity
reduction (in bps) due to the correlation between the
transmit and receive antennas is

log 2 det( Rr ) + log 2 det( Rt )

(24)

In the sequel, it is shown that the value in formula (24) is

log det( R) ≤ 0

2
for
always negative by the fact that
any correlation matrix R. Since R is a symmetric matrix,

eigen-decomposition, that is, R= Q ∧ Q .Since the
determinant of a unitary matrix is unity, the determinant of
a correlation matrix can be expressed as
H

 E

+ log 2 det  S H w H H w 
 NNO


(20)

det( R) = ∏ i =1 λi .
N

From (20), it is observable that the second term is
constant; while theﬁrst term involving

det( RSS ) is

R = I N . Consider the following
maximized when SS
correlated channel model:

H = Rr H w Rt
1/ 2

1/ 2

(21)

R

re
the
where t is the correlation matrix,ﬂecting
correlations between the transmit antennas (i.e., the

R

correlations between the column vectors of H), r is the
correlation matrix reﬂecting the correlations between the
receive antennas (i.e., the correlations between the row
vectors of H), and

HW denotes the i.i.d. Rayleigh fading

R
channel gain matrix. The diagonal entries of Rt and r are
constrained to be a unity [11-16]. From (5), then, the
MIMO channel is given as

=
C log 2 det( I N R +

EX
Rr1/ 2 H w Rt HWH RrH / 2 )
NT N O
(22)

N= N= N , R

R

R
r and
t are of full rank, and SNR
If T
is high, Formula (22) can be approximated as
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(23)

(25)

Note that the geometric mean is bounded by the
arithmetic mean, that is,

(

∏ i=1 λi
N

)

1
N

≤

1
N

N

∑λ
i =1

i

1
=

(26)

From (25) and (26), it is obvious that

log 2 det( R) ≤ 0

(27)

The equality in Formula (27) holds when the correlation
matrix is the identity matrix. Therefore, the quantities in (24)
are all negative [17-22].
The capacity of the random MIMO channel, while
considering the correlation effect is drawn on the figure 7.
While considering the channel transfer matrix as shown
below:

 0.76 exp0.17jπ

0.76 exp-0.17jπ

H=
0.43 exp-0.35jπ

-0.53jπ
 0.25 exp

0.43 exp0.35jπ
0.76 exp0.17jπ
0.76 exp-0.17jπ
0.43 exp-0.35jπ

0.25 exp0.53jπ 

0.43 exp0.35jπ 
1 0.76 exp0.17jπ 

0.76 exp-0.17jπ 
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Fig. 7: Capacity reduction due to correlation of M IM O
channels.

The result for iid (independent identically distributed)
channel and correlated channel is shown in figure 7, it can
be concluded form the figure, that in case of correlated
MIMO channel, there is slight reduction in the channel
capacity in comparison to iid channel. However, at lower
SNR level the reduction is much less and can be neglected,
but as the SNR increases the difference becomes
significant.

VII. Conclusions
In this paper, the channel capacity is estimated when CSI
is known/not known at the transmitter, and it has been
concluded that knowledge of the CSI at the transmitter is
not a stringent requirement. This is also true in case of
random MIMO channel, and it is concluded that then
capacity is comparatively better in case of MIMO channel
in compassion to others, and the capacity increases with
NT and NR. The channel capacity for the random MIMO
channels is also estimated through simulation. Finally,
MIMO channel capacity in the presence of antenna
correlation effect is estimated and it has been found that
the capacity get reduced due to the correlation effect.

Reference
[1] U. Erez, S. Shamai, and R. Zamir. Capacity and lattice
strategies for cancelling known interference. In
International Symposium on Information Theory
and its Applications, pages 681–684, Nov. 2000.
[2] E. Telatar. Capacity of multi-antenna Gaussian
channels. European Trans. on Telecomm. ETT, 10(6):
585–596, November 1999.
[3] M.Ajaybabu, P.Satyanarayanan, Dr. S. Sri Gowri
Channel Capacity of MIMO with CSI available at the
Transmitter, International Journal of Advanced
Engineering Sciences And Technologies, Vol No. 10,
Issue No. 1, 088 – 091, 2011.
[4] Goldsmit h A., Jafar A. S., Jindal N., Vishwanath
S.,“Capacity Limits of MIMO channels”. IEEE
Copyright © 2013 MECS

47

Journal on Selected Areas In Communication, Vol.
21, No. 5, June 2003.
[5] G.J. Foschini 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.
[6] Shannon, C. E.,(1948) “A mathematical theory of
communication,” Bell Syst. Tech. J., vol. 27,pp.
379–423, 623–656, July and October 1948.
[7] V. Tarokh, N. Seshadri, and A.R. Calderbank,
“Space-time codes for high data rate wireless
communication: performance criterion and code
construction,” IEEE Trans. Info. Theory, vol. 44, no.
1, pp. 744–765, Mar. 1998.
[8] D. S. Shiuet al., “Fading correlation and its effect on
the capacity of multi-element antenna systems,”
IEEE Trans. Commun., vol. 48, pp. 502–513, Mar.
2000.
[9] S. L. Loyka and J. R. Mosig, “Channel capacity of
N-antenna BLAST architecture,” Electron.Letters.,
vol. 36, no. 7, pp. 660–661, Mar. 2000.
[10] S. M. Alamouti, “A Simple Transmitter Diversity
Scheme for Wireless Communications,”IEEE J.
Select. Areas Communications, vol. 1, pp. 1451–1458,
October 1998.
[11] S. Loyka, G. Tsoulos, “Estimating MIMO System
Performance Using the Correlation Matrix
Approach” IEEE Communication Letters, v. 6, N. 1,
pp. 19-21, Jan.2002.
[12] H. Bolcskei, D. Gesbert, and A. J. Paulraj, “On the
capacity of OFDM based spatial multiplexing
systems,” IEEE Trans. Commun., vol. 50, no. 2, pp.
225–234, Feb. 2002.
[13] O. Oyman, R. U. Nabar, H. Bölcskei, and A. J. Paulraj,
“Characterizing the statistical properties of mutual
information in MIMO channels,” IEEE Trans. Signal
Process., vol. 51, no. 11, pp. 2784–2795, Nov. 2003.
[14] M. R. McKay, P. J. Smith, H. A. Suraweera, and I. B.
Collings, “On the Mutual Information Distribution of
OFDM-Based Spatial Multiplexing: Exact Variance
and Outage Approximation,” IEEE Trans. Inf. Theory,
vol. 54, no. 7, pp. 3260–3278, Jul. 2008.
[15] M. Borgmann, H. Bölcskei, “Noncoherent
Space-Frequency Coded MIMO-OFDM,” IEEE J.
Sel. Areas Commun., vol. 23, no. 9, pp. 1799– 1810,
Sep. 2005.
[16] A. Kavak, M. Torlak, W. J. Vogel, and G. H. Xu,
“Vector
Channels
for
Smart
Antennas—Measurements, Statistical Modeling,
and Directional
Properties in Outdoor
Environments,” IEEE Trans. Microwave Theory., vol.
48, no. 6, pp. 930–937, Jun. 2000.
[17] A. M. Sayeed, “Deconstructing Multi antenna
Fading Channels,” IEEE Trans. Signal Process., vol.
50, no. 10, pp. 2563–2579, Oct. 2002.
[18] A. Lozano, A. M. Tulino, “Capacity of
Multiple-Transmit Multiple Receive Antenna

I.J. Information Engineering and Electronic Business, 2013, 3, 41-48

48

Ergodic Capacity of MIMO Channel in Multipath Fading Environment

Architectures,” IEEE Trans. Inf. Theory, vol. 48, no.
12, pp. 3117–3128, Dec. 2002.
[19] M. Chiani, M. Z. Win, A. Zanella, “On the Capacity of
Spatially
Correlated MIMO Rayleigh-Fading
Channels,” IEEE Trans. Inf. Theory, vol. 49, no. 10,
pp. 2363–2371, Oct. 2003.
[20] P. J. Smith, S. Roy, and M. Sha ﬁ, “Capacity of MIMO
systems with semi correlated ﬂat fading,” IEEE Trans.
Inf. Theory, vol. 49, no. 10, pp. 2781–2788, Oct. 2003.
[21] H. Shin and J. H. Lee, “Capacity of multiple-antenna
fading channels: Spatial fading correlation, double
scattering, and keyhole,” IEEE Trans. Inf. Theory,
vol. 49, no. 10, pp. 2636–2647, Oct. 2003.
[22] A. Lozano, A. M. Tulino, S. Verdú,
“Multiple-antenna capacity in the low-power
regime,” IEEE Trans. Inf. Theory, vol. 49, no. 10, pp.
2527– 2544, Oct. 2003.

Ms.Mitali Singh received M.Tech
degree in Power Systems from SRM
University, Kattankulathur, Chennai
(T.N.) India in 2011 and B.Tech
degree in Electrical and Electronics
Engineering from UP Technical
University in 2009. Currently, she is
working as a Senior Lecturer in
Electrical and Electronic Engineering, Department of
B.B.D.N.I.T.M., Lucknow, India. her area of interest is
voltage stability in distribution systems.

C

Authors’ profile:

Mr. Rafik Ahmad received the
B.Tech. degree in Electronics and
Communication from U.P.Technical
University, U.P, India, in 2005, and
the M.Tech. degree in Digital
system from the M.N.N.I.T.
Allahabad,U.P India, in 2010.
Currently, he is Assistant Professor,
Department of E&C Engineering, B.B.D. University,
Lucknow, India. his research interests focus on the
wireless communication networks.

Mr. Devesh Pratap Singh received
the B.Tech. degree in Electronics
and
Communication
from
U.P.Technical University, U.P,
India, in 2009. He has authored and
co - authored eight International
Publications on different field
Neural Network, Photonic Packet
Switching, Optical Network and Wireless Communication.
He holds in the running record of Asia Book of Records
(India Book of Record Chapter) for having "Maximum
Number of International Research Publications in
different field by an Undergraduate Student". He is the
founder of Ci-Edutech Pvt. Ltd., he is currently pursuing
his M.Tech.(in thesis work) in Wireless Communication &
Sensor Networking at B.B.D.University, Lucknow(U.P),
India. His research interests focus on the Neural Network,
Photonic Packet Switching, Optical Networks and
Wireless Communication Networks.

Copyright © 2013 MECS

I.J. Information Engineering and Electronic Business, 2013, 3, 41-48

