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Abstract: Inflated communication traffic and expanding radar applications result in frequency congestion and require
extra spectrum resources. Dual-functioning multi input multi output radar benefits both sensing and communication
operations via real-time cooperation. This decongests the radio frequency environment and allows a single hardware
platform for both functionalities. Analog beamforming fails to provide multiplexing gain and digital beamforming is
not preferred practically because of heavy power consumption. A reliable hybrid beamforming design is an inherent
requirement due to the concerns related to limited RF chains, interference and the cost of fully-digital beamforming.
In this paper, Enhanced-Social Ski Driver’s algorithm is presented to investigate the performance of hybrid
beamforming in dual-functioning MIMO radar. This study investigates location-based direction sensing for Rayleigh
and Rician fading channels. This amendment provides improved performance with a minimal bit error rate, maximum
gain, and significant normalized array power distribution. The simulation results show 24% reduction in bit error rate,
15% improvement in gain and persistent array power than existing social ski driver’s algorithm.
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1. Introduction

Recently, radar and communication systems
have progressed in several multi-purpose
applications due to a tremendous increase in system
performance. This is directly leading to the shortage
of spectral resources and frequency congestion. So
the price of the existing wireless spectrum is sharply
increased as a consequence of demand. Sharing the
available frequency spectrum is an affordable
solution in the current scenario [1]. At the hardware
level, radar and communication systems have a
similar design yet do not share any frequency band
for dual application. Due to specific reservations of
the frequency spectrum, some of the spectrum
resources are under-utilized. Thus sharing the
frequency of the under-utilized spectrum attracted
the user’s attention. This sharing will not only avail
the frequency but also reduce the cost of hardware
configuration [2]. Currently, a substantial portion of
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radar frequencies is available and found suitable to
utilize in communication services. This field is open
to attempting the communication and radar spectrum
sharing (CRSS) challenges [3]. Modern radar already
expanded its applications in the areas of monitoring,
traffic control, and surveillance. In MIMO radar, this
variety tends to be spatial, which reduces the radar
cross-section scintillation and improves target echo
detection. This diversity is established in the form of
waveform diversity, which improves localization,
identifiability, and the ability to unswervingly apply
adaptive methods and digital beamforming [4, 5].
Current wireless 5G new radio (NR) technology
prefers a higher frequency band like millimeter
(mm)-wave for speedy signal transmission. So
availing frequencies above the wireless spectrum
raised concerns about the interference in critical
radar operations. To tackle this issue, communication
and radar spectrum sharing (CRSS) research is
highly prioritized by the researchers. The design of a
dual functioning radar-communication (DFRC)
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system is identified as one of the research directions
[2, 5]. The use of dedicated hardware for the
individual application under the same frequency
band to manage interference effectively is not a
feasible solution as it will lead to a huge hardware
setup with extra space and also increased cost.
Alternately, the design of Dual Functioning MIMO
radar (DFMR) prefers the joint platform to execute
both sensing as well as communication. This will
counter the above-mentioned issues related to
dedicated hardware.

Currently, different radar frequency bands like
L-Band (1-2 GHz), S-band (2-4 GHz), C-band (4-8
GHz), mm-Wave (30-300 GHz) band are shared by
wireless 802.11b/g/n/ax/y wireless local area
network  (WLAN) network and  similar
communication  technologies [6, 7]. The
beamforming technique was adapted to control the
direction of signals generated by radio channels. It is
utilized in the transmission and reception stages to
achieve spatial selectivity. The primary function of
radar remains unaffected by the use of
communication function. This is due to MIMO array
configuration and orthogonal waveforms.

In DFMR, the waveform orthogonality and
diversity are only required for communication
function. When a single beam is directed towards the
target, the side lobe beams are used to communicate
with the user. The design of analog and digital
precoding and combining weights are reformulated
as an optimization problem and addressed through
various optimization techniques in the literature as
seenin [9 - 12].

Classical beamforming with phased-array
antennas faces challenges due to the orthogonal
signals transmitted by each antenna element, which
hinders simultaneous interference mitigation and
target identification. [13]. MIMO radar is evolving to
optimize interference alleviation and target detection
through transmit-beam pattern construction and
virtual beamforming. However, large aperture and
low-cost subarray designs are needed to address
design challenges. [14-17]. Phase-only approaches
incorporate nonlinear optimization algorithms, to
estimate the signal but fail to address the false alarms
due to major side-lobes. Genetic algorithms are
broadly adapted to optimization problems and
synthesizing the antenna arrays but having issues of
premature  convergence and  computational
complexity [18, 19].

Optimization problem modeling becomes critical
when constraints, objectives, number of decision
variables, and solution space are not set. Because of
the inefficiency of classical optimization algorithms
in solving large-scale combinative problems,
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metaheuristic optimization algorithms have been
proposed to inspect the performance. This attempt
goes well on the criteria of multifunctional
requirements such as flexibility, gradient-free
mechanism, and local optima avoidance [20]. The
Salp Swarm algorithm's effectiveness in hybrid
beamforming is similar to the behavior of Salp
Swarms searching for food in the marine
environment. However, the algorithm's limitations
include limited exploration of the search space, slow
convergence, and a large number of iterations. [21,
22]. According to studies, Monarch butterflies have
several migration theories to address specific
optimization problems but have issues of population
degeneration and time complexity. Similarly,
Dolphins have proved their smartness and
intelligence in food hunting and navigation. These
strategies inspire to address the optimization
problems with effective solutions [23, 24]. On a
comparable premise, the Social Ski Drivers likewise
search and take the optimal path towards the
downhill. So These algorithms have the capacity to
acquire the best or near-optimal solutions with better-
guided exploration ability [25].

1.1 Motivation

Hybrid beamforming faces limitations such as
complicated infrastructures or complex signal
processing with heavy power consumption [16, 18].
There exist several issues while operating with high
frequencies and huge bandwidth accessible at mm-
wave, but the potential of providing high resolution
and improved collision detection and avoidance are
the points of motivation in dual functioning MIMO
radar applications. While scanning, the base station
faces difficulty to isolate the side lobes, because the
radar beam pattern can shift arbitrarily as the target
moves and may obstruct the communication
functioning [27-29]. Hence to cancel mutual
interference, stronger approaches like hybrid
precoding design are needed. Transmitter gain loss is
observed in MIMO configuration and this needs to
be avoided to improve the resolution of DF-MIMO
radar systems [30-33].

Hanning-window least square-constant modulus
algorithm (HW-LS-CMA) outperforms the CMA.
but the convergence speed was inferior to that of LS-
CMA, and simultaneously, the side lobe level was
higher. Thus, an effective method is required to
reduce convergence by optimizing the weights of the
HW-LS-CMA. [26].
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Table 1. Notation list

()" | complex conjugate transpose

E(.) | Expectation operator
[IO)Ile | Frobenius norm

()" | Transpose

tr() | Trace

Lt | Total no. of RF Chain

Nr | Total no. of Transmitter antenna
elements

Nr | Total no. of Receiver antenna elements
St | Transmitted signal

Ns | Total no. of transmitted signal

I Identity Matrix

Fes | Baseband Precoder at transmitter

Fre | Analog Precoder at transmitter

W | Baseband Precoder at receiver

fai i" digital weight in baseband precoder
frei | i analog weight in analog precoder
Pww | Total alloted power

N,, | Total no. of scattering paths

C Rician Factor (C=3 in this work)

B, | Gain parameter

ay | Transmit array response vector

/) Angle of departure
ap | Receiver array response vector
0 Angle of arrival

Transmitter Antenna Array
DFMR Receiver

Y Scattering \7‘
| Environment in
L) DAC-RF ol \V4 channel \V/
Chain T /

o : : : ioital
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FBB : FRF : ! ¥ i :
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Figure. 1 MIMO radar communication system (DFMR)
block architecture for hybrid beamforming [27]

1.2 The main contributions of this paper are as
follows:

o A novel hybrid beamforming approach for dual
Functioning MIMO radar is proposed and named
as Enhanced-Social Ski Drivers algorithm. The
Social Ski driver algorithm’s position-updating
technique is modified by integrating it with the
Dolphin Echolocation algorithm.
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e The HW-LS-CMA narrowband adaptive beam
former presented in [26] is modified using the
proposed hybrid beamforming design which
yields effective weights using fitness measures.

e The performance evaluation is performed under
different subarray configurations for Rayleigh and
Rician fading channels on the simulation
platform, and the bit error rate, array power, and
gain are the parameters examined for the analysis.
The methods considered for comparative analysis
are uniquely implemented for  hybrid
beamforming design.

Following Table 1 gives the description of
notations used in this paper.

1.3 DF-MIMO Radar System Model:

Fig. 1 shows the block architecture of the DFMR
system. It includes the baseband and analog
precoding connected via the digital to analog
converter (DAC)-RF chain where DAC has full bit
resolution. The transmitter transmits Ns data streams
against the K users. The design has a fully connected
subarray configuration of RF chains and antenna
elements (Lt = Nr). At the receiver end total, Nr
antennas are located [34].

The transmit signal St € ™ < N7 and E (St St") =
I. The digital precoders matrix at baseband is Fgg
where, Fgg € ™ * ' includes the fg; entries of digital
weights where i = /...Lt. At analog precoding, Frr €
L1 *No matrix contains the phase shift weights frri
where i = [...Nt. The total allotted power Pl iS
subject to the constraint || Fes Frr ||%.

1.4 Channel model information:

The transmission waveform works as radar as
well as a communication signal. Once the
transmission path is fixed then it establishes the
single-user communication path and has a dominant
line of sight fading environment. At the same time,
the transmission environment is highly congested
due to multiple devices. The frequency sharing gives
rise to scattering. As more users and the radar targets
are present, the device density and Doppler shift
component will result in a rich scattering
environment. Thus both Rician and Rayleigh fading
is relevant in dual functioning radar communication.
Here, the narrowband Rician fading channel H is
considered as follows:

;NN
H= ﬁgﬁv’”Cﬁl ag a¢H (1)
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Figure. 2 Joint structure of uniform linear array in DF-
MIMO radar

C factor becomes null in the above model when the
Rayleigh channel is considered.

Consider MIMO uniform linear array (ULA) as
shown in Fig. 2 with »” elements where the spacing
between the sensor elements ‘d’ is equal to one-half
of the incoming signal wavelength 1 and the angle of
incoming signal ¢ is estimated concerning antenna
bore sight. Without loss of generality, a single-
element communication receiver is assumed to be
located in direction 0, which is exactly known to the
transmitter. The array response vector for the n’
element is

........ JOVG)asmoqr o)
The output signal Y=W"" X, at the receiver after
hybrid beamforming processing, is given as

Y=W"Fgp Frr H Sp)+ W' N 3)

Where W is baseband combiner at receiver.

WH = [ Wi, W™ Ws™ ... W,]". The statistical
component of desired signal X = St + N, where, X =
[X1, X2...xn] T, St = [S1, Sz....Sn] Tand Noise plus
interference S|gnal N =[Nz, Ny ... Nn] .

Thus the product of F, H, and W gives optimal
precoding and combining weights hence each data
stream is reconstructed independently without
information loss.

1.5 Radar model in dual functioning MIMO radar:

The radar model is estimated for dual functioning
under combinational communication constraints
along with guaranteed power transmission,
beampattern matching design constraints. MIMO
radar has a high degree of freedom than phased array
radar. Existing literature [34 - 36] already exploited
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that the beam pattern matching design problems can
be formulated as semidefinite programming
optimization problems of probing signal power and
addressed by convex optimization. The desired beam
pattern is formulated as

B(0) = ag Rp, ag’ s.t. 0 <tr(Rere) < Protar  (4)

Where Rp,, is the covariance matrix of precoding
waveform and defined as:

Rpyo = Fpp'F RFHZRBBRRF
s.t. || Fes Frr ||F < Protal )

Thus, by designing the hybrid baseband and
analog precoding as well as combining weights, the
dual function MIMO radar output is improved. But
optimizing all weights becomes much more complex
and not feasible due to increased computational load
and algorithmic complexity. In this work, a hybrid
beamforming design for multi-user DF-MIMO radar
is presented. To design the baseband precoding
weights Fgg the joint spatial division multiplexing
(JSDM) technique from [37] is adopted. A novel
algorithm is proposed to update the analog Fgre
precoding weights. Thus the new combination of
hybrid weights is obtained to enhance the
performance of the dual functioning MIMO radar in
terms of bit error rate, antenna gain, and normalized
array power distribution across the azimuth angle.
The primary advantage of the proposed beam former
is providing an efficient solution and reasonable
tradeoff between communication and radar
functionality. Section 2 briefly discusses the
proposed hybrid beamforming method and modified
HW-LS-CMA beam former. Section 3 discusses the
findings of this study. In section 4 the paper is
concluded.

2. Proposed hybrid beamforming design
using  enhanced-social  ski  drivers
algorithm

The social ski divers (SSD) algorithm [25] offers
stochastic exploration, which helps to resemble the
paths ski drivers take downhill. The goal of SSD is to
discover immediate and optimal solutions. The
instantaneous position of the ski driver is updated
using the velocity function, and an optimal or near-
optimal solution is finalized within the search space.
The dimensions of space are fixed by the no. of
parameters employed in optimization. The direction
of the position change reveals a zig-zag pattern due
to sin and cosine function, as shown in Eq. (8). So
SSD agents have to find the best three solutions and
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then go with its mean. This method provides
increased exploration capabilities and makes the
search directions more diversified. Moreover, the
agents of SSD move to the mean of the best three
solutions, which makes it more effective than other
conventional algorithms but sometimes mean
solution may differ from the absolute solution, and
obtaining the absolute best solution remains a
challenge.

On the other hand, dolphin echolocation (DE)
[24] is an optimization technique derived from the
Dolphin's behavior in their food hunting process. The
Dolphin alters its sonar to detect the target and
location. So the position is updated by the direction
of the echo signal and the detected target's location.
This DE method poses an improved convergence
factor which is controlled for performing apposite
optimization. Thus, the integration of DE and SSD
gives scope to improve the convergence and obtain
the absolute best solution for SSD. Here the position
of SSD agents is updated using DE's position update
approach.

Initially, the agents A1, A2 up to Ada are defined
where dA is the total no. of solutions, and out of that
one optimal solution 'A¢' is opted as a mean of the
best three solutions. Then the best solution is
evaluated based on the fitness function. As per the
Dolphin Echolocation algorithm [24], the best
position Py is derived by

p—L Ay (g+1)-A4,(g)-my () +a,4,(2)-02,S
" tozA5(g) ©

Where, & indicate search space index, g
represent discrete time index, S indicate global best
solution, m;, denote search space dimension of n"
location of dolphin in g’ time, a;;, and ay;, indicate

random numbers in the interval [0,1] adapted in 4"
location of dolphin.

Now, as per the SSD algorithm [25], the agent
update is performed by adding the velocity function
ny(g) which is expressed as,

Ap(g+1)=Ap(@)+tny(g) (7)

The velocity of the current search agentin g™ time is
formulated as,
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(xsin(uy) (Pi-4)(2)) +sin(u;)
(Va(©)-44(2))

, Uy <0.5
xcos(u;) (Pi—Ah(g)) +cos(uy)

(Vu(2)-44(2))
K , Uy > 0.5

ny(8)= 3

(8)

Where u; and u, indicate uniformly produced
random numbers in the range [0,1], P} indicates the
best solution of h™ agent in g™ time, V4, signifies the
mean global solution of the whole population, and x
indicates the parameter utilized for balancing
exploration and exploitation. If u, < 0.5, then the
update Eq. (7) is represented as,

Ay (g+1)= Ay (g)+xsin(u;) (PiAh(g))] )

+ sin(u;) (Vy(2)-4,(2))

Substituting Eq. (6) in Eq. (9), the update
equation for optimal agent derived is,

Ah(g)+xsin(u1)
Olh

apxesinguy) | [@2nAR(8)-An(8)-mp(g)-02,S]

tsin(u)(Vi(g)-An(g)
;u2§0.5

Ofh

Ay (g+1)=

Ah(g)+xcos(u1)
Olh

appxcostuy) | [02pAp(8)-An(g)-mp(g)-021S]

+eos(u)(Vi(g)-An(g)
;u2>0.5

A

(10)

Thus using iterative approximation, the values of
analog weights Frri at the precoding level are
updated. By considering the channel matrix and
using the following fitness function the overall
performance of the system is enhanced.

2.1 Fitness function

The fitness function is computed to determine
the optimal weight from the set of weights. The
fitness is evaluated using the enhanced social ski
drivers (Enhanced-SSD) algorithm considering
transmission  channel response and  hybrid
beamforming weight vectors. Fitness is a
maximization function concerning achievable rate
and transmission gain. The fitness function is
formulated as,
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Algorithm 1: Proposed hybrid beamforming using
enhanced-SSD algorithm
Input: Fgg, Freand Protal, Nn(g), An
Output: Global mean solution Ae, Pn: best position,
Begin:
For n RF chain element (n < N7)
Initialize the position of agent A, and respective
velocities nn(g)
Adjust the velocities using Eq. (8)
While all agents A;,i=0, 1, ....d, do
Compute An (g+1) using Eq. (7)
Sort the agents based on the values of fitness
End while
Update Global mean solution Ae
Compute the fitness using Eg. (11)
Evaluate the fitness of the previous best solution and
new mean global solution
Get new solution by updating the agents using Eq. (10)
End for
Return Py, = Best Position, Fgg, Frr
End

J,p=max|| Frp.Fpp.Hg| )’
s.t. 0<|| Fes Fre || < Pt (11)

Where Hg indicates channel response. The
pseudocode of the proposed algorithm is presented as
follows.

2.2 Modified HW-LS-CMA beam former using
enhanced-SSD algorithm

The drawbacks of the CMA method are
addressed in [26] through the LS-CMA and HW-LS-
CMA approaches to improve the performance of
MIMO radar. The radar functioning in the DF-
MIMO radar communication system is advanced by
applying modified weights in HW-LS-CMA to
minimize side lobe level (SLL) issues. Weight
updates also speed up convergence and lower SLL.
Here the Eq. (10) is reformulated for the An(g) and
the weight update equation is derived by the HW-LS-
CMA method. By considering ux < 0.5, An(Q) is
expressed as,

O =0 ppsin(ug) ¥xsin(uy)(ozp-1)
app-xsin(uy)

— Gh
Ap(g+1)- ayp-xsin(u) (12)

[' Xoinfuy) (my(g) +a2,S)

Ay(g)=

(97

+sin(u)(Vy(g)
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The weight update equation of HW-LS-CMA
given in [26] is modified using the Enhanced-SSD
algorithm and is expressed as,

w :[alh‘alhsm(ul)+XSi”(”1)(a2h‘1) %
I+1 op-xsin(uy) I+1 op-xsin(uy)

[-)%I(:]) (mp(g)+aysS)
+sin(u)(Vi(g)

-Hanning(B) {[I?wK](X]JKwX}

(13)

where, y indicate an error of data samples, K, denote
complex Jacobian of error y,

Thus, for fully deployed array configuration in dual
functioning MIMO radar, weights of beamformers
are modified using the above-proposed approaches.

3. Simulation results and discussion

In this section, the software simulation is shown
to represent the performance of the proposed
approaches. 4 number of users considered. The total
number of independent data streams per user is 8.
The operating system frequency is 28 GHz. The total
number of transmit antennas and receive antennas are
64 and 32, respectively [17]. The comparative
analysis of the methods is done using bit error rate,
gain, and normalized array power for Rican and
Rayleigh's channels considering sub-arrays = 4 and
sub-arrays = 8. In dual functioning MIMO radar
applications, the subarray configuration becomes
effective in power optimization and cost-efficiency.
The methods employed for comparative analysis
include Conventional phase shifter Beamforming
[15] in which baseband precoding is absent, monarch
butterfly optimization [23], social ski diver's
optimization algorithm [25], Hanning window-least
square-constant modulus algorithm (HW-LS-CMA)
technique [26]. The evaluation reveals the
effectiveness of the proposed method. The obtained
results are shown in the subfigures of Fig. 3 and Fig.
4 below. Table 1 gives the statistical comparison for
the performance evaluation.
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Figure. 3 Comparative simulation for Subarray 4 and Rician channel: (a) Bit error rate against signal to noise ratio, (b)
Gain against signal to noise ratio, (c) Array power against azimuth angle, (d) Bit error rate against signal to noise ratio,
(e) Gain against signal to noise ratio, and (f) Array power against azimuth angle
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Figure. 4 Comparative simulation for Subarray 8 and Rician channel: (a) Bit error rate against signal to noise ratio, (b)
Gain against signal to noise ratio, (c) Array power against azimuth angle, (d) Bit error rate against signal to noise ratio,
(e) Gain against signal to noise ratio, and (f) Array power against azimuth angle

) ) proposed hybrid beamforming design under different
3.5 Discussion subarray configurations and fading environments.
Both Rayleigh and Rician fading channels are
considered for evaluation. This proposed method
also performs well on merits compared to other

The simulated plots and statistical results shown
in this study, validates the robust performance of the
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existing optimization algorithms. Statistical analysis
confirms the effectiveness of the proposed method as
the minimum bit error rate and the maximum gain is
observed in the simulation. BER is a promising
parameter in communication channel performance
characterization. An analysis of BER vs SNR for 4
and 8 subarrays is shown in Fig. 3 (a), Fig. 3 (d), Fig.
4 (a), and Fig. 4 (d) justifies that the proposed method
effectively boosts signal and transmission quality.
The existing SSD algorithm shows a reduction in
BER than conventional phase shift and MBO
beamformers but the further reduction in BER for
variable SNR is achieved by applying the HW-LS-
CMA beamformer. The proposed design shows
much-improved performance than the HW-LS-CMA
beam former. The response pattern is robust for the
different subarray configurations. Thus it is possible
to achieve cost efficiency by managing the active
subarray at a particular time. Due to the orthogonality
of the input signal, multiuser communication is
achieved without affecting radar operations. In radar
operations, the gain parameter response signifies the
efficient radiation towards the target and in the case
of communication, the gain is the key figure of merit
which proves the antenna efficiency and directivity.
High gain ensures the strength of the signal when
transmitted via communication channel. So for
shared hardware platform in a dual-functioning
MIMO radar system, and the gain parameter must be
efficient to complete the requirements. As shown
gain vs SNR plots in Fig. 3 (b), Fig. 3 (e), Fig. 4 (b),
and Fig. 4 (e) it can be seen that the proposed hybrid
beamforming design shows maximum gain against
the varying SNR. The variable configuration of
subarray does not affect the gain of the antenna and
thus the efficiency can be maintained for
multitasking in dual functioning MIMO radar. The
low performance seen in conventional phase-shift
beamforming is due to the absence of digital weight
optimization. So this is improved by using the MBO
algorithm but it randomly switches to local optima
from global minima thus affecting the performance.
The SSD algorithm outperforms MBO but is not able
to match the performance of HW-LS-CMA. The
proposed hybrid beamforming design gives an
optimal combination of analog and digital precoding
weights which further increases the gain of the
system.

The Fig. 3 (c), Fig. 3 (f), Fig. 4 (c), and Fig. 4 ()
shows the unsteered radiation pattern in terms of
normalized array power distribution against the
azimuth angle between the range of -180 degree to
+180 degrees. Both the subarray configurations,
covers complete array aperture when activated
individually. Conventional phase shift beamforming
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has dominant lobe at 0-degree azimuth angle which
can perform well for radar functioning but not
suitable for communication purpose as the sidelobe
having much lower power. The remaining methods
provides achievable tradeoff between dominant lobe
and side lobes. So while scanning, the power towards
the communication user is not compromised. No
change in normalized array power is observed
between the SSD algorithm and the proposed hybrid
design but it shows the fast convergence as compared
to the other considered methods. The other
considered method shows less deviation between
upper and lower peak and thus has optimal power
utilization. Referring to the figures mentioned above,
it is confirmed that the signal power is available over
the entire range of azimuth angles using the proposed
technique even if only subarray is activated. So the
flexibility to form the highest no. of beams in a
multiuser scenario will reduce the requirement for
additional hardware. Effective management of
subarray configuration will distinguish between
radar target detection and communication system.
Though the varied patterns appear to have the same
aperture, they may not have the same beam and side
lobe characteristics, as observed visually. So
choosing hybrid weights precisely, the covariance
matrix is designed in such a way that it will give
highly directive beam. It is also possible to detect the
failed array element by identifying the power failure
in the array. And the weights applied to the remaining
array are adjusted accordingly so that the overall
pattern is compensated as resembling the healthy
beam pattern.

Table 2 shows the statistical analysis of the average
bit error rate, gain, and normalized array power
values. It is observed that a 24 % reduction in the bit
error rate than the Social Ski Driver algorithm is
achieved through the proposed hybrid beamforming
design when 4 subarrays and the Rayleigh channel
are considered. A 15% improvement is observed in
the gain parameter in the same case. No variation was
observed in the normalized array power for a similar
configuration. Now for the Rician channel, a 20%
decrease in BER and a 12% increase in the gain
parameter are recorded. The Array power parameter
remains unchanged when compared with the Social
Ski driver’s algorithm. Further observations and
statistical readings are presented in Table 2, which
justifies the proposed optimization objectives. It also
confirms the system’s significant consistency and
robust performance when the number of sub-arrays
increases to 8 under both fading channel
environments.
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Table 2. Parametric comparison table for statistical analysis of average values

Revised: April 5, 2023.

Sub-array Existing Algorithms Proposed
And Metric Conv. MBO SSD H\CNM"‘A\S' Eng@éw'
Channel BF [15] [23] [25] [26] algorithm
BER 7.24x10* | 7.16 x10* | 6.27x10* |  6.08x10™ 4.76 x10*
Sub-array=4 | i dB) | 22.218 25.233 27.799 30.006 31.977
Rayleigh
NAP (dB) | -20.925 -9.364 -10.267 -9.323 -10.266
BER 559x10% | 554x10* | 5.46x10* | 5.24x10* | 4.34x10*
S“%ﬁgiff“ Gain (dB) | 22.860 25.675 27.941 29.811 31.566
NAP (dB) | -20.925 -9.246 -10.404 -11.236 -10.405
BER 6.48x10* | 6.42x10% | 6.19x10* |  5.99x10% 5.44x10"
Sub-array=8 | i dB) | 21.979 26.185 29.866 31.344 33.111
Rayleigh
NAP (dB) | -28.118 -8.851 -11.165 -8.450 -11.165
BER 562x10% | 556x10* | 5.39x10* | 5.16x10* 4.05x10"
5ut§%§¥:g Gain (dB) | 24.322 27.105 28.944 30.766 32.479
NAP (dB) | -28.118 -9.565 -11.755 -9.209 -11.755
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4. Conclusion

This paper presents a novel hybrid beamforming
approach based on the enhanced-social ski driver
algorithm for dual functioning MIMO radar
communication system. The location-based direction
searching factor is modified in the social ski driver
algorithm using the dolphin echolocation algorithm.
The analog precoding weights in the hybrid
beamformer are updated with the proposed design to
reduce the bit error rate and improve the gain and
array power distribution. The digital precoding
weights are maintained by keeping the JSDM design.
It updates the hybrid beamforming weights present in
narrowband adaptive beamformers, rendering an
effective solution based on the fitness measure. The
proposed hybrid beamforming approach provides a
better performance trade-off as compared to the
considered algorithms. Improved gain and reduced
BER ensure the effective communication and
flexibility to form maximum no. of beams in a
multiuser dual functioning radar communication
environment. The array power parameter remains
unchanged when compared with the Social Ski
Drivers algorithm, but it confirms the power
utilization over the entire range of azimuth angles. A
high beamforming gain justifies the improvement in
the signal-to-noise interference ratio with respect to
link quality in target detection. The simulation results
show 24% reduction in bit error rate, 15%
improvement in gain and persistent array power than
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existing social ski driver’s algorithm. Future studies
should investigate and optimize the covariance
matrix with respect to spectral and energy efficiency
using bio-inspired algorithms.

Conflicts of interest

The authors declare no conflict of interest.

Author contributions

The work conceptualization, methodology,
software implementation and validation, formal
analysis, investigation is carried out by first author.
Supervision, project administration is done by
second author.

Acknowledgments

The author Vivek Kadam is associated with
Ramrao Adik Institute of Technology, Nerul, Navi
Mumbai (Email: vivekkadam@srait.ac.in)

References

[1] W. Xiao, P. Chu, and B. Liao. “Hybrid
beamforming design for orthogonal frequency
division multiplexing dual-function radar-
communication system with optimized transmit
beam pattern”, IET Signal Processing, Vol. 16,
pp. 864-872, Sept. 2022.

[2] F. Liu, C. Masouros, A. Petropulu, H. Griffiths
and L. Hanzo, “Joint Radar and Communication

DOI: 10.22266/ijies2023.0630.32



Received: January 29, 2023.  Revised: April 5, 2023.

Design: Applications, State-of-the-Art, and the
Road Ahead”, IEEE Transactions on
Communications, Vol. 68, No. 6, pp. 3834-3862,
June 2020.

[3] X. Wang, A. Hassanien, and M. G. Amin,
“Dual-Function MIMO Radar Communications
System Design Via Sparse Array Optimization”,
IEEE Transactions on Aerospace and
Electronic Systems, Vol. 55, No. 3, pp. 1213-
1226, June 2019.

[4] J. Johnston, L. Venturino, E. Grossi, M. Lops,
and X. Wang, “MIMO OFDM Dual-Function
Radar-Communication Under Error Rate and
Beam Pattern Constraints,” IEEE Journal on
Selected Areas in Communications, Vol. 40, No.
6, pp. 1951-1964, 2022.

[5] A.Martone and M. Amin, “A view on radar and
communication systems coexistence and dual
functionality in the era of spectrum sensing”,
Digital Signal Processing, Vol. 119, 2021.

[6] H. Wang, J. T. Johnson, and C. J. Baker,
“Spectrum sharing between communications
and ATC radar systems”, IET Radar Sonar
Navig., Vol. 11, No. 6, pp. 994-1001, 2017.

[7] F. Hessar and S. Roy, “Spectrum sharing
between a surveillance radar and secondary Wi-
Fi networks”, IEEE Trans. Aerosp. Electron.
Syst., Vol. 52, No. 3, pp. 1434-1448, 2016.

[8] Z. Cheng, Z. He, and B. Liao, “Hybrid
beamforming for multi-carrier dual-function
radar-communication system”, |EEE Trans.
Cognit. Commun. Netw, Vol. 7, No. 3, pp. 1002—
1015, 2021.

[9] M. Temiz, E. Alsusa, and M. W. Baidas, “A
dual-functional massive MIMO OFDM
communication and  radar  transmitter
architecture”, IEEE Transactions on Vehicular
Technology, Vol. 69, No. 12, pp. 14 974-14 988,
2020

[10] M. Temiz, E. Alsusa, and M. W. Baidas,
“Optimized precoders for massive MIMO
OFDM dual radar-communication systems”,
IEEE Transactions on Communications, Vol. 69,
No. 7, pp. 4781-4794, 2021.

[11] M. Temiz, E. Alsusa, and M. W. Baidas, “A
dual-function massive MIMO uplink OFDM
communication and radar architecture”, IEEE
Transactions on Cognitive Communications and
Networking, Vol. 8, pp. 750-762, 2021

[12] Z. Cheng, Z. He, and B. Liao, “Hybrid
beamforming design for OFDM dual-function
radar-communication system”, IEEE J. Sel. Top.
Signal Process, Vol 15, No. 6, pp. 1455-1467,
2021.

International Journal of Intelligent Engineering and Systems, Vol.16, No.3, 2023

415

[13] X. Li and B. Wang, “Hybrid MIMO Phased
Array Radar with Center-Spanned Subarrays”,
IEEE Access, Vol. 7, pp. 166883-166895, 2019.

[14] Y. Zhang, J. Du, Y. Chen, M. Han and X. Li,
“Optimal Hybrid Beamforming Design for
Millimeter-Wave Massive Multi-User MIMO
Relay Systems”, IEEE Access, Vol. 7, pp.
157212-157225, 2019

[15] M. Tajallifar, A. Sharafat, H. Yanikomeroglu,
“QoS-Aware Hybrid Beamforming with
Minimal Power in mmWave Massive MIMO
Systems”, IEEE Access, Vol. 9, pp. 164668-
164680, 2021.

[16] H. Nosrati, E. Aboutanios, and D. Smith,
“Multi-Stage Antenna Selection for Adaptive
Beamforming in MIMO Radar”, |EEE
Transactions on Signal Processing, Vol. 68, pp.
1374-1389, 2020.

[17] J. Qian, Z. He, W. Zhang, Y. Huang, N. Fu, and
J. Chambers, “Robust adaptive beamforming for
multiple-input multiple-output radar with spatial
filtering techniques”, Signal Processing, Vol.
143, pp. 152-160, 2018

[18] L. Guo, H. Deng, B. Himed, T. Ma, and Z. Geng,
“Waveform  optimization  for  transmit
beamforming with MIMO radar antenna arrays”,
IEEE Transactions on Antennas and
Propagation, Vol. 63, No. 2, pp. 543-552, 2015.

[19] B. Kadri, M. Boussahla, and F. T. Bendimerad,
“Phase-Only Planar Antenna Array Synthesis
with Fuzzy Genetic Algorithms”, International
Journal of Computer Science Issues, Vol. 7,
No .2, 2010.

[20] N. Pazhaniraja, P. V. Paul, G. Roja, and K.
Shanmugapriya, “A study on recent bio-inspired
optimization algorithms”, In: Proc. of Fourth
International Conference on Signal Processing,
Communication and Networking, India, 2017.

[21] L. Abualigah, M. Shehab, M. Alshinwan, and H.
Alabool, “Salp swarm algorithm: a
comprehensive survey”, Neural Comput &
Applications, Vol. 32, pp. 11195-11215, 2020.

[22] V. Kadam and S. Bhosale, “Salp swarm
optimization in hybrid beamforming for MIMO
radar”, In: WEENTECH Proceedings in Energy,
Vol. 7, No.1, pp. 469-480, 2021.

[23] Y. Feng, S. Deb, G. Wang, and A. H. Alavi,
“Monarch butterfly optimization: A
comprehensive review”, Expert Systems with
Applications, Vol. 168, 2021.

[24] A. Kaveh and N. Farhoudi, “A new optimization
method: Dolphin echolocation”, Elsevier:
Advances in Engineering Software, Vol. 59, pp.
53-70, 2013.

DOI: 10.22266/ijies2023.0630.32



Received: January 29, 2023.  Revised: April 5, 2023.

[25] I. Shams, S. Mekhilef, and K. S. Tey, “Improved
Social Ski Driver-Based MPPT for Partial
Shading Conditions Hybridized with Constant
Voltage Method for Fast Response to Load
Variations”, IEEE Transactions on Sustainable
Energy, Vol. 12, No. 4, pp. 2255-2267, 2021.

[26] V. Dakulagi and M. Bakhar, “Efficient blind
beamforming algorithms for phased array and
MIMO RADAR?”, |.E.T.E. Journal of Research,
Vol. 64, No. 2, pp. 241-246, 2018.

[27]V. Kadam, A. Deshmukh and S. Bhosale,
“Hybrid Beamforming for Dual Functioning

Multi-input ~ Multi-Output ~ Radar  using
Dimension Reduced-baseband Piecewise
Successive  Approximation”,  International

Journal of Engineering, Transactions A: Basics,
Vol. 36, No. 01, pp. 182-190, 2023.

[28] F. Uysal, “Phase-Coded FMCW Automotive
Radar: System Design and Interference
Mitigation”, IEEE Transactions on Vehicular
Technology, Vol. 69, No. 1, pp. 270-281, 2020.

[29] H. B. Jain, I. P. Roberts, and S. Vishwanath,
“Enabling In-Band Coexistence of Millimeter-
Wave Communication and Radar”, In: Proc. of
IEEE International Radar Conference (RADAR),
pp. 772-777, Washington, DC, U.S.A., 2020.

[30] M. Rihan and L. Huang, “Optimum co-design of
spectrum sharing between MIMO radar and
MIMO  communication  systems:  An
interference  alignment approach”, IEEE
Transactions on Vehicular Technology, Vol. 67,
No. 12, pp. 11667-11680, 2018.

[31] M. Nosrati, S. Shahsavari, S. Lee, H. Wang, and
N. Tavassolian, “A Concurrent Dual-Beam
Phased-Array Doppler Radar Using MIMO
Beamforming Techniques for Short-Range
Vital-Signs Monitoring”, IEEE Transactions on
Antennas and Propagation, Vol. 67, No. 4, pp.
2390-2404, 2019.

[32] S. E. E. Khamy, A. S. Eltrass and H. F. E. Sayed,
“Design of thinned fractal antenna arrays for
adaptive beamforming and side-lobe reduction”,
I.E.T. Microwaves, Antennas & Propagation,
Vol. 12, No. 3, pp. 435 — 441, 2018.

[33] L. Bogale, B. Le, and X. Wang, “Hybrid
Analog-Digital Channel  Estimation and
Beamforming: Training-Throughput Tradeoff”,
IEEE Transactions on Communications, Vol. 63,
No. 12, pp. 5235-5249, 2015.

[34] F. Liu, L. Zhou, C. Masouros, A. Li, W. Luo,
and A. Petropulu, “Toward dual-functional
radar-communication systems: Optimal
waveform design”, IEEE Trans. Signal Process.,
Vol. 66, No. 16, pp. 4264-4279, 2018.

International Journal of Intelligent Engineering and Systems, Vol.16, No.3, 2023

416

[35] V. Kadam and S. Bhosale, “A Modified Method
for Beam-Forming Using Covariance Matrix in
MIMO Radar System”, International Journal
on Engineering, Science and Technology
(IJonEST), Vol. 3, No. 2, pp. 176-183. 2021.

[36] A. Kaushik, C. Masouros, and F. Liu,
“Hardware Efficient Joint Radar-
Communications with Hybrid Precoding and RF
Chain  Optimization”, IEEE International
Conference on Communications, Montreal, QC,
Canada, pp. 1-6, 2021.

[37] A. Adhikary, J. Nam, J-Y Ahn, and G. Caire.
“Joint Spatial Division and Multiplexing - The
Large-Scale Array Regime”, IEEE Transactions
on Information Theory, Vol. 59, No. 10, pp.
6441-6463, 2013.

DOI: 10.22266/ijies2023.0630.32



