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ABSTRACT: Space-time coding (STC) has been shown to playyadte in the design of MIMO radars with closely
spaced antennas. Multiple-input—multiple-output ¥Ml) radar is emerging technology for target detewti parameter
identification, and target classification due tos€lisity of waveform and perspective. First, it &iout that a joint waveform
optimization problem can be decoupled into a séndif/idual waveform design problems. Second, abmrmf mono-static
waveforms can be directly used in a MIMO radar eyst which offers flexibility in waveform selectioe provide
conditions for the elimination of waveform crossretation. However, the mutual interference amohg tvaveforms may
lead to performance degradation in resolving sptialose returns. We consider the use of space-tioding (STC) to
mitigate the waveform cross-correlation effectditMO radar. In addition, we also extend the modepartial waveform
cross-correlation removal based on waveform sesidin. Numerical results demonstrate the effectgsrof STC in MIMO
radar for waveform de-correlation. This paper indices the signal processing issued for the cohévkitO radar without
and with STC waveforms and also studied signal gssiong algorithms of coherent MIMO radar with ST&veforms for
improvement of target detection and recognitiorf@@nance for real life scenario.
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. INTRODUCTION

Traditional MIMO radar [1]-[2] takes the opposi@ection of the phased-array radar. The approadh employ
multiple uncorrelated waveforms that are radiatedomnidirectional transmission, in compare to jgidaarray radar [3],
where a single probing waveform is sent via dimwl transmission. Inspired by several publicatibage advocated the
concept of MIMO radar from the system implementatimint of view, processing techniques for targetedtion and
parameter estimation. Target parameters of inteirestadar systems include target strength, locatiand Doppler
characteristics. MIMO radar systems employ multipletennas to transmit multiple waveforms and engaggoint
processing of the received echoes from the takgi@lO radar may be configured with its antennas @cated or widely [4]
distributed over an area and able to provide indéest diversity pathsThe co-located MIMO [5], [6] radar where the
transmitter and the receiver are close enoughatdhiey share the same angle variable, i.e., coh&tHEMO radar.

STC for waveform design has been introduced irafid [8] to cope with detection under possibly elated clutter
and, more generally, to introduce a further degrefteedom at the transmitter side. It is a reviohery development for
exploiting the MIMO channel by using antenna arpagcessing technology, which is currently stimuigtconsiderable
interest across the wireless industry. The STCcepti builds on the significant work by Winter's the mid-80’s which
highlighted the importance of antenna diversitytloa capacity of wireless systems [9]. The use dfipie antennas at both
the transmitter and receiver is essential for th€ $oncept to work effectively , since STC explditsth the temporal and
spatial dimensions for the construction of codiegigns which effectively mitigate fading (for impeal power efficiency)
and are able to capitalise upon parallel transomsgaths within the propagation channel (for imgebvwandwidth,
efficiency).

In this paper, the problem of target detectiortan located MIMO radars is considered. A pulsentrsignalling
[10] is assumed to be used in this system. STCiEa]MIMO technique that is designed for use waithltiple transmitter
antennas. This technique introduces temporal aatlasrorrelation into signals transmitted fromfeliént antennas. The
intention is to provide diversity at the receiveidacoding gain over an uncoded system without ficiag the bandwidth.

The other MIMO technique is spatial multiplexing which different data streams are transmitted fraaitiple
antennas. In [11], a pulse-train signalling forleocated MIMO radars has been proposed. The recaigedl modelling and
problem formulation is presented. It is shown ttaé to unknown values of Doppler frequency andetafjrection of
Arrival (DOA), a compound hypothesis testing prablés confronted. The standard technique for comgouypothesis
tests when the Probability Distribution FunctionD@ of the unknown parameters is not known is then&salized
Likelihood Ratio (GLR) detection.. Full exploitatioof these potentials can result in significant iowement in target
detection, parameter estimation, target trackirgy r@eognition performance. This motivates the agthdIMO radar using
pulse-train signalling. Thus, each orthogonal wakmaf carries independent information about the targgatial diversity
about the target is thus created. Exploiting trdejendence between signals at the array elemeift4$OMadar achieves
improved detection performance and increased rselasitivity.

[I. COHERENT MIMO RADAR
Coherent MIMO radar uses antenna arrays for trétisgnand receiving signals. These arrays may d@éocated
and even transmit and receive functions can bepedd by the same array or the arrays may be gegdarbhe separation
between the elements may be uniform or non-unifdrine arrays can be filled or sparse depending eragiplication type.
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But the separation is always small compared tordimge extent of the target. Whatever the separdiiaween the array
elements is, the important point in coherent MIMi@ar is that the array elements are close enoudghas@very element
sees the same aspect of the target i.e. the saiBeARCa result, point target assumption is geneteed in coherent MIMO
radar applications.

A. System Model

Consider a coherent MIMO radar system that hastn#trand a receive array consisting of M and N elets respectively.
Then the received signal can be written as

E
y(t) = \/%Hx(t - +w().....(D

Where, /E;/M Hx(t — 1) denote the discrete time baseband signal trarsinifty the transmit antenna elements
wherex(t — ) is the input message signal with delay tiffigis the total average transmitted energy agd) is the noise
vector.
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Fig.1. Coherent MIMO radar configuration.

B. Probability detection

The detection problem here can be formulated aimypothesis testing problem as follows:
HO: y =w

E, e 2
H1:37=\]%&+W @

Where H,, indicates absence of signal atigdindicates presence of signal.
It is well known that the optimum solution to thiypothesis testing problem under Neyman-Pearsdarion is the
Likelihood Ratio Test (LRT).
The likelihood ratio test becomes,

[ e A
To see the performance limit of coherent MIMO rradae vectora become identical and coherent integration of the
received samples becomes possible before detgutamess. The modified binary hypothesis testinglemo turns in the

form,
Hy: y=w

E "
Hy: y= /ﬁiMNa+w )
Wherew is now a complex number.

The probability of false alarm raté, can be calculated as,

1
P¢q = Prob {exp (MNO%V) > T}

T
= exp (m) ....... (5)
ThenP,; can be written in terms of SNR and probabilitfaiée alarm rate as,
ln(Pfa)
P, = ————— | ... (6
a = exp ((SNR)N 1 (6)
So, the probability of detection does not dependhennumber of transmit antennas but depends anlyumber of receive
antennas and SNR.
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C. Resultsand Observation
To compare with the detection performance of CetieMIMO Radar, the detector in (6) is implementggvalue
is set tal07®. If the number of receive elements is held coristrthe value of 5, and the number of transmitnelets is
increased, th&; vs SNR curve in Fig. 2 is obtained.
The graphics in Fig. 2 show that the detectioriggerance does not change with increasing M. Thizesause
the transmitted power is normalized and it doeschange with the number of transmit elements, dsal lzecause the noise
power and the signal power in the received sigfiat aoherent summation increase at the same rate.
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Fig. 2. Probability of detection for coherent MIMO radehanging M
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Fig. 3: Probability of detection for coherent MIMO radahanging N.

If the number of transmit elements is held cortsttnthe value of 5 and the number of receive etgmés
increased, thé;vs SNR curve in Fig. 3 is obtained. We can see ftoengraph that as number of receiving antennas is
increased the probability of detection increasesabse the total received energy increases.

I11. COHERENT MIM O RADAR WITH STC WAVEFORMS
In the detection problems studied so far for thkeerent MIMO radar which employs antenna are céygmigh, are
developed without including these space time cq@¥C) signals explicitly. In the transmitted sighalre modeled as a
train of rectangular pulses n whose amplitudesnapelulated by space time codes and the corresporntitertors are
developed. With this approach, the transmitted aigyoan be further optimized to better a givengrenfince metric. The
STC Coherent MIMO radar configuration is shown ig.H.

A. System Model
Consider a coherent MIMO radar with STC wavefosystem that has transmit and a receive array aorgist M

and N elements respectively. The received signahls® scaled so that the total received signalesmms directly
proportional to rectangular pulses. The resultegrtad model for the received signal can be writisn

nkE,
yi(©) = \/;Hx(t -0+ w(@) ... (7)

Where, /E;/M Hx(t — 1) denote the discrete time baseband signal trarsinifty the transmit antenna elements
wherex(t — 7) is the input message signal with delay tifigis the total average transmitted energy andt) is the noise
vector.
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Fig.4. STC Coherent MIMO radar configuration.

B. Probability detection
The detection problem here can be formulated ampimypothesis testing problem as follows:

Ho: yi = wy

’nEt ......... (8)
Hl: Yk = Wak + Wi

Where H,, indicates absence of signal atigdindicates presence of signal.

To see the performance limit of coherent MIMO madhe vectorn become identical and coherent integration of
the received samples becomes possible before metgprbcess and, is now a complex number.
For coherent MIMO radar with STC waveforms, frora tiefinition of SNR for the radar system is

nk,
(SNR)STC = —2 =n=* SNR
O-W

ThenP, can be written in terms of SNR and probabilitfaiée alarm rate as,

_ ln(Pfa)
P, =exp <—(n * SNRN + 1> e (9)

C. Resultsand Observation

To compare with the detection performance of cetieMIMO radar with STC waveforms, the probability
detection in equation (9) is implemented for whighvalue is set td0~2. If the number of receiving elements is held
constant at the value of 5, and the number of initting elements is increased, tBgvs. SNR curve in Fig. 5 is obtained.
The graphics in Fig. 5 show that the detectiongrarince does not change with increasing M.

But if the number of transmitting elements is hetshstant at the value of 5, and the number ofivereelements
is increased, thp,; vs. SNR curve in Fig. 6 is obtained. It is inteiggto see that the detection performance increaséise
number of receiving antennas increases.
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Fig. 5. Probability of detection for coherent MIMO radgith STC waveforms, changing M.
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Fig. 6. Probability of detection for coherent MIMO radeith STC waveforms, changing N.

The ROC of coherent MIMO radar versus coherent BIkhdar with STC waveforms and also comparison of
probability detection of both type of MIMO radareds given in Fig. 7 and Fig. 8 respectively. Thégures (Fig. 7 & Fig.
8) are obtained using the analytical expressiomsgin equations (6), (9) f& = N = 5 . In the both figures, the blue lines
belong to coherent MIMO radar with STC waveformd #me red lines belong to coherent MIMO radar.
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Fig. 7: ROC- Coherent MIMO vs. STC coherent MIMO radar.

The results in Fig.7 and 8 show that at high SNRiesand at high detection probabilities, the deiagperformance of
STC coherent MIMO radar is better than coherent KaIkadar.
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Fig. 8: Comparison of probability detection for coherbHiMO vs. STC coherent MIMO radar.

IV. CONCLUSION

In this paper, a wide variety of signal processaigorithms for coherent MIMO radar with and withdsTC
waveforms have been presented. A novel algorithnthenspace-time adaptive processing is proposethforoving the
performance of coherent MIMO radar system. Deraratiof the respective optimal detectors are shohenvthe target and
noise level are either known or unknown. The comer@IMO radar with pulse-train signalling outpenfos the
conventional MIMO radar at high detection ratesahhénables RCS fluctuation smoothing is demonstrathe waveform
design problem with information about the targetl dhe clutter responses are being dealt. We haweided several
numerical examples which show that the coherent ®Ikadar with STC waveforms has much better perfaoaahan
others. We also proposed a new metric to analyzepénformance of these systems. Development oflaptiae optimal
energy allocation mechanism is done to get sigmificimprovement in performance. Finally we simudate realistic
scenario to analyze the performance of the propegstem. Using higher order modulations in MIMOtsyss with STC,
we can achieve better detection rates, targetilmtadn and bandwidth efficiency.
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