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Abstract: Multiple-input multiple-output (MIMO) radar isused
extensively due to its application of simultaneous transmission
and reception of multiple signals through multiple antennas or
channels. MIMO radar receives enormous attention in
communication technologies due to its better target detection,
higher resolution and improved accurate target parameter
estimation. The MIMO radar has several antennas for
transmitting the information and also the reflected signals from
the target is received by the multiple antennas and it mainly used
in military and civilian fields. But sometimes the performance of
the MIMO radars is degraded due to its limited power. So the
optimum power allocation is required in the communication
systems of MIMO radar to improveits performance. I n this paper,
an Energy Efficiency based Power Allocation (EEPA) is used to
allocate the power to a user of the clusters and also across the
clusters. Here, the MIMO radars are clustered by using a naive
bayes classifier. Subsequently, an efficient target detection is
achieved by using Generalized Likelihood Ratio Test (GLRT) and
then the clustersare divided into primary and distributive clusters
based on the distance from the target. Here, the proposed
methodology is named as EEPA-GLRT and the implementation
of this MIMO radar system with an effective power allocation is
done by Labview. The performance of the EEPA-GLRT
methodology is analyzed in terms of the power consumption of
various clusters. The performance of the EEPA-GLRT
methodology is compared with Generalized Nash Game (GNG)
method and it shows the power consumption of EEPA-GLRT is
0.0549 for cluster 1 of scenario 1, which islesswhen compared to
the GNG method.

Index Terms. Multiple-input  multiple-output  radar,
generalized likelihood ratio test, Naive Bayes classifier, power
allocation and power consumption.

. INTRODUCTION

MIMO radar systems are an emerging and rapidly growing
research area because of its target detection capability. The
antennas of MIMO radar simultaneously transmit numerous
independent waveforms when compared to the conventional
phased-array radar. Same like it usesthe multiple antennas for
receiving the backscattered signals [1], [2]. The waveforms
emitted by the MIMO radar vary based on the power and
bandwidth [3].
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The difference from the transmitted signals of the MIMO
radar creates the waveform diversity or spatia diversity, it
leads maximizes the Degrees Of Freedom (DOF) and this
improves the MIMO radar system performance. Besides the
waveform diversity provides various advantages to the

MIMO radar than the conventional phased-array radar

systems. This phased-array radar only sends the scaled forms

of a single waveform and cannot achieve the waveform
diversity [4], [5], [6]. Additionally, this waveform diversity

a so emphasizes the illumination cooperation [7]. Generally,

the MIMO radar system is classified into two types such as

statistical MIMO radar and coherent MIMO radar. In that
statistical MIMO radar is initialized with widely separated
antennas and coherent MIMO radar is initialized with

co-located antennas [8], [9].

Moreover, the spatial diversity of the Radar Cross Section
(RCS) of target is used to improve the capability of
localization and target detection. The localization accuracy
depends on various parameters such as target RCS, transmit
power, network topology and signal bandwidth [10]. The
limited power of the radar leads to degrade the performance
of the MIMO radar system. So, the power allocation strategy
isintroduced in MIMO radar to overcome the limitations due
to radar’s power level [11]. Conventionally, the power is
allocated to transmit antennas based on the addition of the
power constraint at the transmitter [12]. Some of the methods
used for the power allocation in MIMO radar system is given
as follows. The cooperative game theory based power
allocation is presented based on the target localization game
with a sequential Bayesian estimator [13]. In MIMO radar,
two different power all ocation schemesare used. Inthat oneis
used for reducing the entire transmit power and other one
increases the accuracy [14]. The robust chance constrained
power alocation is used in MIMO radar by considering the
probabilistic uncertainty on the target RCS [15]. The major
contributions of this research work are stated as follows:

e The MIMO radars of the network are clustered by using the
Naive Bayes classifier for accomplishing better data
transmission.

e The target detection of the MIMO radar system is
performed by using the generaized likelihood ratio test.
The classification among the primary and distributive
clusters is identified by considering the distance between
the clusters and the target.

o Additionally, the power allocation of intraand inter clusters
is performed by considering the energy efficiency of the
system.
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By considering the energy efficiency in the power
dlocation, the total power alocation of the system is
reduced.

II. LITERATUREWORKS

Abtahi, A., Modarres-Hashemi, M., Marvasti, F. and
Tabataba, F.S. [16] introduced the compressive sensing based
distributed MIMO radars with two different methods for
improving the performance of the radar network. In that, the
first technique is utilized for assigning the optimal energy to
the transmitters and subsequently the other technique is used
for designing the optimal measurement matrix. The
aforementioned two techniques depend on reducing the upper
bound of the addition of the sensing matrix block’s
block-coherences. These techniques lead to improve the
accuracy of the estimation of target parameter in the
distributed MIMO radar during the total transmitted energy is
fixed as constant. The normalized processing time of the
measurement matrix design is higher than the energy
allocation method.

Song, X., Zheng, N. and Bai, T [17] introduced a
distributed MIMO radar system with antenna selection
schemes for improving the performance of resource
allocation. These antenna selection schemes are introduced
for tracking the multiple targets with various location
estimation MSE and priorities of the targets. In this MIMO
radar, the targets are moving through the test area with low
attitude. Besides, the targets of the MIMO radar is not treated
equally, it is separated as hot targets, suspicious targets and
general targets. Here, two different operational schemes such
asmodified fair multistart local search with one antennato all
targets (MFMLS_OAT) agorithm and multistart local search
(MFMLYS) agorithm are used for a low and high location
MSE respectively. The complexity of the initial antenna
subset isadded to the MFML S algorithm to offer the balanced
antenna allocation.

Deligiannis, A., Panoui, A., Lambotharan, S. and
Chambers, J.A [18] presented the power alocation in the
multistatic and distributed radar network. In that network, the
MIMO radars are divided into multiple clusters. In this
MIMO radars, the power alocation is performed by game
theory and Nash equilibrium analysis is used for the
multistatic MIMO radar system. The concern due to power
adaptation is avoided by using convex optimization methods
and non-cooperative game-theoretic techniques. The
aforesaid techniques are incorporated using the
signal-to-interference-plus-noise  ratio  (SINR).  The
Generalized Nash Game (GNG) is formulated when there is
no communication among the clusters. Hence, the
performance of the radars present in the clusters is specified
by the game-theoretic analysis. Here, only one radar is
transmitting in the zero probability even when the N amount
of radars have the SINR equality.

Wang, L., Wang, L., Zeng, Y. and Wang, M [19]
introduced the jamming power allocation strategies based on
two different criteria such as Minimum Mean Square Error
(MMSE) and Mutua Information (MI) among the target
impulse response and radar echo. In this, the jamming
methods of MM SE and M1 are used for increasing the MM SE
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target estimation and reducing the Ml among the MIMO
radar’s target impulse response and echo. The jamming power
allocation is possible only when the system knows the noise
Power Spectral Density (PSD), radar waveform power
allocation, and target PSD.

Song, X., Zheng, N., Yan, S. and Li, H [20] presented the
joint resource alocation method to enhance the resource
utilization and system performance of the distributed MIMO
radar systems. This joint resource alocation method
addresses the velocity estimation problem while processing
the multiple targets tracking in MIMO radar. This power
allocation method leads to enhance the key target
performance while increasing the resource utilization of the
general targets. The suboptimal method isinitialized to solve
the issues related to the limited and relatively sufficient
system resources. Then the convex relaxation is used to
convert the optimization problem into a three-step suboptimal
method and here each step performs the Second-Order Cone
Programming (SOCP) problem. The proposed agorithm is
applicable only to limited users.

I1l. EEPA-GLRT METHODOLOGY

( Start )

Initialization of MIMO-
radar system parameters

Clustering using naive bayes

}

Target detection using GLRT

}

Classification of primary and
distributive clusters

Power allocation based on
energpy efficiency

Data transmission

TYes

Condition checking

Performance measures
( Stop )

Figure 1. Flowchart of the EEPA-GLRT methodology
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In this EEPA-GLRT methodology, an efficient power
allocation between the users of clusters and acrossthe clusters
are used to allocate enough power to the radar systems for
maintaining proper data transmission through the
MIMO-radar system. The flowchart of the EEPA-GLRT
methodology isshownin Figure 1 and it is mainly comprising
six different steps. 1) MIMO-radar deployment in the test
area, 2) Clustering of radars using naive bayes, 3) GLRT
based target detection, 4) classification of primary and
distributive clusters, 5) Energy efficiency based power
allocation, 6) Data transmission.

A. MIMO radar system model

Generally the MIMO radar network is initialized with M
number of transmitter antennas and N amount of receiver
antennas with target. In this MIMO radar network, the target
is considered as a point among each pair of transmitting and
receiving antennas. The n" antenna received signa

component at the k™ timeis given in Eq. (1).
M

Yo (K) = hs (K)+& (k). k=1,...,K 1)
i=1

Where, the transmitted signal of i" antennais represented
as § (k) ; theimpul se response among the transmitter antenna
i and the receiver antenna n is h, and the noise in the
receive antennanis &(k) . The noise vector components are
considered as independent and equally distributed Gaussian

random variables with variance o, and zero mean. The

vector form of signal model is expressed in Eq. (2).

Yo (K) =y s(k)+&, (k) @)
Where, By =[P Mo |
s(k)=[5(k),8, (k)8 (&)

samples are stacked to obtain the received signal in the n"
receive element. These signals are received in T seconds of
observation time which is expressed in Eq. (3).

Yo =S +¢, ®3)
Where S= [s(l),s(z),..., s(K)]T . The matrix form of the

received signals is created by gathering the received
waveforms from al N amount of receive elements. The
following Eq. (4) shows the received waveform of MIMO
radar system.

Y=H+& (4

Where, Y =[y/,y},..y} ]

Gaussian distributed with the covariance of SR,S" +o71,

and

The K amount of

. This received signal is

and zero mean. These MIMO radars are clustered by using
Naive bayes classifier.

B. Target detection usng GLRT

Inthis EEPA-GLRT methodology, the presence of target is
detected by using a binary hypothesis testing at the received
signal. This target detection is depending on the Generalized
Likelihood Ratio Test (GLRT). The detection probability
Po; (8.7) and false dlarm p.,; (&) is expressed in the
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following Eq. (5).
5 1 I-N
~5 1+N, ®)

N-1

Po,i (é‘u +7 ) = (1+
1 ¥
1

Peai (5.): _5])

Where, the decision threshold is represented as ¢, ; the
amount of received pulsesat timeontargetis N and the SINR
collected at theradar i is y;, whichisgivenin Eq. (6).

t
Vi =, n.A (6)
2 G, (h‘.jj P+h,PR )+°'v2v
j=Lj=1

The numerator of Eq. (6) describes the return signal which
is scattered off the target aswell as the denominator has noise
and interference. The above Eq. (6) isrewritten as Eq. (7).

()

Where, |, represents the total interference and noise
collected on the radari which is expressed in the following
Eq. (8).

My
'—i:_;_Q,j(h(,jjﬂ*ht,jpi)Jravzv ®)
<L

For certifying the performance of target detection, the "
radar received SINR is less than the predefined minimum
vauei.e. v, - Thecondition for thetarget detectionisgiven
in EQ. (9).

Yi 2 Vrin )

Then the clusters are classified as primary and distributive

clusters based on the distance among the target and the
clusters.

C. Power allocation based on the ener gy efficiency

The energy efficiency based power alocationisused inthis
EEPA-GLRT methodology, to allocate the efficient power to
the users/clusters which doesn’t have enough energy for
performing the data transmission. The power allocation
should be introduced inthe MIMO radar system to avoid data
loss through the system. Generally, the power consumption of
the MIMO radar system is separated as two types such as
fixed circuit power consumption (P) and flexible transmit

power (R). The following Eq. (10) represents the flexible
transmit power.
M L
R = PmaxZZQm.l
m=1 =1
Where, P, isthe total transmit power to the BSand Q)

isthe power allocation coefficient.
The Energy Efficiency (EE) of the system is expressed in
the following Eq. (11).
B Rsum
TTee = P+P

(10)

(11)
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Where, the achievable sum rate is represented as R™" i.e.,

M L
= Z Z Rm,l :

m=1 =1
methodology is increased the system’s EE when each user
contains predefined minimum rate. The following Eg. (12)
shows the formulated problem of the EEPA-GLRT

methodol ogy.

The objective of this EEPA-GLRT

max

Q, Mee (12a)
StR, = RT,”,me{ZI.,...M},Ie {].,....L} (12b)
i ZL:QmYl <1 (12¢)

m=1 =1

Where, the minimum rate requirements of user and transmit
power constraint is represented in Eq. (12b) and (12c)
respectively.

The objective function mentioned in Eq. (12) is in
fractional form. Hence (12) is a non-convex problem and
obtain an optimal solution that is non-trivial. Based on Eq.
(12), the SE is maximized for increasing the EE under the

condition of P, P, €[ Py, Py, | . The following Eq. (13)

formul ates the maximization problem of SE.
max

req’

R-™ (13a)
le
stR, 2RI me{1..M},1_{1..L} (13b)
PmaxzzgmI <P (13c)

The formulated a problem of Eq. (13) is till non-convex
because of the non-concavity which is involved in the
objective function. To provide the optimal solution to the
MIMO-radar system, the power allocation is used within each
cluster and across clusters. The power alocation of each
cluster and across clusters are described as follows:

1) Power allocation of each cluster

In the power allocation of inside cluster, each user receives
enough power to satisfy the Quality of Service (QoS)
requirements of the EEPA-GLRT methodology. Here,
enough power isallocated to every user to increase the cluster
sum rate. Consider, the power transfer happens among the n
user and first user by using the EEPA. After performing the
power transfer, the achieved sum rate of the user with aworse
channel increases than the n™ user that is remain unchanged.
The first n users are compared, when comparing the sum
rates of two cluster. The following Egs. (14) and (15) show
the sum rate of before and after performing the power transfer
respectively.

1+ p(AF{, +Z|:Qm,kj‘V.:,| Hoi pm‘2
= X
n , n-1 15
ZRm =log, H1+p(A +Zkaj‘ misHm pm‘2 (19
= -1

[14_ kaQm,k ‘Vg nHm,n pm‘zJ
=1

From the Eg. (14) and (15) concluded that the
2
|V mlpm| —| m,l+1 ml+1pm| . SO, therefore

ZRM >ZRrnI it shows the sum rate of the MIMO radar

1=1
system is increased after performing the power allocation.
The power allocation to the desired user increase the sum rate
of the entire system.
2) Power allocation of across the clusters

At first, the power is alocated within the clusters for
satisfying the QoS requirements that requires power of B, .
=P —By - The
overall system rate is maximized by alocating the remaining
power across the clusters. The amount of additional power
required for desired cluster is identified while increasing the
sum rate. The power required for m" cluster by AR is
expressed in the followi ng Eqg. (16).

ZZR

| mI pm|

The power increment for each cluster is affected by the
user’s channel gain and minimum rate requirement. The less
additional power is required to increase the sum rate for

P2 R,
|=1

p|vr?,l Hm,l pm
designing the iterative power alocation anorithm. Inan each

zz

iteration, the cluster with lesser
P|Vm,| m,| pm|
receive the extra power. Thus leads to increase its sum rate
and this process is continued until the full utilization of P, .

the remaining power is denoted as

I'E'Tl

(16)

smaller |2 . This observation is utilized for

5 is chosen to

The extra power required for the cluster is expressed in the
Eq. (17).

L .
Pmax zlz R::IF
=1

AP = AT
P|V|:,| Ho, pm|

(17)

|
1+ pz Qo MI H. pm|2 Where, A represents the auxiliary variable and it is
% expressed in following Eqg. (18).
n n-1 L
ZR’H,I =log, 1+ PZka| m,l+1 m|+1pm| (14) P.. ZZ Rr:iln +AR,
1=1 1=1 — 3
" 2 A= ” 2 (18)
(1+ pZQm,k |Vm,nHm,| pm| ) ,0|va| Hm,| pm|
k=1
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Additionally, the required power for the m" cluster is the clusters. At first, the MIMO radar is initialized with 0.5J
expressed in the following Eq. (19). of energy. The configuration of the MIMO radar used in this
L EEPA-GLRT methodology isgivenin Table 1 and the MIMO
P2 R radar model used in this EEPA-GLRT methodology is shown
AR, =| —2—— (19) inFigure2.
p[Vi Hony B Table.L. MIMO radar specifications
Parameters Values
Where, X" = max(x;0). The above solution (19) provides | Initial power 05J
the solution for increasing the SE of the MIMO-radar system. | Number of antennas 4
Motion model Velocity
1V. RESULTSAND DISCUSSION Operating frequency 300 MHz
In this section, simulation results are provided to Sample rate 300 kbps
demonstrate the performance of the EEPA-GLRT Peak power 2000
methodology. The EEPA-GLRT  methodology is Gain . 20
implemented and analyzed using Labview. There are 32 | Pulsewidth 6.67e-06
MIMO radars analyzed in the test area and these radars are | ENVelope Rectangular
clustered by using the naive bayes. Subsequently, the targets | LOSS factor 0
are detected based on the GLRT and power allocationisused | Temperature 36 C

to allocate enough power to the users of clusters and across

T

output bit stream

BER

PooL]
trigger found?
_17?
«

8§ 33
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5 ™8
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Figure 3. Deployment of MIM O radar
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The MIMO radar deployment of this EEPA-GLRT
methodology is shown in Figure 3. Assume, the nodes are in
blue color as MIMO radars and the topmost node in red color
as atarget. Then the naive bayes based clustering is used to
cluster the network. The GLRT based target detection is
utilized to perform an accurate target detection. The target
detection isillustrated in Figure 4. The classification among
the primary and distributive clusters are identified based on
the distance from the clusters and the detected target. The
classification of the clustersis shown in Figure 5.

| | | | | | ! | | | |
7 18 189 20 21 2 23 24 25 2% 27
No of lterations

Figure 6. Power allocation of case 1( p, = 0.01x1,, p, =.0.02x1,)

! | | | | | | | | | | | | | | | | |
7 18 19 20 21 2 23 24 25 2% 27 28 29 30 31 32 33 34 3
No of Iterations

Figure 7. Power allocation of casez( p, =0.01x1,, p, =.0.05x 1A)

The power alocation update of MIMO radars of the
network is shown in Figure 6 and Figure 7. The Figure 6 and
Figure 7 shows the power alocation performance for two
different initial power alocations (i.e., case 1 and case 2) of
the clusters. These simulations are taken for the network with
2 clusters and each cluster has 6 radars. Moreover the
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specified R, R,,...R¢ of Figure 6 and Figure 7 represents

theradarsexist inthe cluster and A represents the amount of
radarsin cluster.
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From the Figure 6 and Figure 7, conclude that the channel
gainisremain similar for both the simulations. The amount of
active radars for both the clusters is same for both the
simulations but the initial power alocation is different for
both examples. Here, the power allocation is mainly
depending on the energy efficiency of the network. From the
Figures, it concludes that the optimal power allocation is
converged within 5 iterations.

A. Performance comparison of EEPA-GLRT
methodology with existing method

This section used to analyze the effectiveness of the
EEPA-GLRT methodology with one existing method called
GNG [18]. This GNG is used to perform the communication

I nternational Journal of Innovative Technology and Exploring Engineering (1JITEE)
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among the clusters and performance of this GNG is analyzed
based on the game theoretic analysis. The comparisonis made
in terms of power consumption of the clusters and it is shown
in the following Table 2. This comparison is evaluated in
three different scenarios that are mentioned as below:

Scenario 1: The network consisting of 2 clusters each with
2 MIMO radars.

Scenario 2: The network consisting of 2 clusters each with
6 MIMO radars.

Scenario 3: The network consisting of 3 clusters each with
3 MIMO radars.

Table 2. Performance comparison of EEPA-GL RT methodology with existing method

Scenario 1 Scenario 2 Scenario 3
C1 (o4 C1 C2 C1 C2 C3
GNG [18] 0.0763 0.0418 | 0.1382 0.1398 0.0641 0.1190 0.0895
EEPA-GLRT methodology | 0.0549 0.0217 | 0.0943 0.0974 0.0289 0.0197 0.0141
The C1,C2and C3 mentioned in the Table 2 specifies
REFERENCES

the clusters of the network. Table 2 conclude that the power
consumption of the EEPA-GLRT methodology is less than
the GNG [18] method. Because, the EEPA-GLRT
methodol ogy provides an effective power allocation based on
the energy efficiency. For instance, in scenario 1, the
EEPA-GLRT methodology power consumption are 0.0549
and 0.0217 for cluster 1 and cluster 2 respectively, it is less
when compared to the GNG that are 0.0763 and 0.0418 of
cluster 1 and cluster 2 respectively. Also, this EEPA-GLRT
methodology allocates the power to the members in the
clusters as well as across the clusters. Moreover, the
convergence of optimal power alocation of EEPA-GLRT
methodology took 5 iterations, it is less than the GNG [18]
i.e., 6 iterations.

V. CONCLUSION

The energy efficiency based power allocation isintroduced
in the EEPA-GLRT methodology to alocate the power for
both inter and intraclusters. In energy efficiency based power
alocation, the user (i.e., MIMO radar) with less energy
receives the power from the other users of same cluster. Thus
leads to improve QoS requirements of the EEPA-GLRT
methodology namely power consumption. This power
allocation strategy is implemented over naive bayes based
clustered radars. The MIMO radars are separated as clusters
to improve the data transmission performance of the
EEPA-GLRT methodology. Moreover, the target detection is
obtained precisely by using the GLRT method. The research
concludes that the EEPA-GLRT methodology converges the
optimal power allocation within 5 iterations, it is less when
compared to the GNG method i.e., 6 iterations. Furthermore,
the genetic algorithm based heuristic method can be used for
an efficient power allocation to reduce the overall energy
consumption of the MIMO-Radar system.
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