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Abstract

The Synthetic Impulse and Aperture Radar (SIAR) are multi-input and multi-output radars with different and orthogonal carrier frequencies.In these
radars, one of the most important challenges is coupling between range and angle. This means that range error causes angle error and vice versa.To
address this issue, radar designers typically design transmitting waveforms based on carrier frequency coding techniques In the past, sequential carrier
frequency coding, positive and the negative sequential carrier frequency coding and random carrier frequency coding have been proposed to reduce the
coupling between range and angle for a linear array(2D). In this article, geometrical and mathematical equations of coupling are presented for a circular
array(3D) and a new method called as positive and negative random carrier frequency coding is proposed. It will be shown that proposed method reduces
coupling and side lobe level by about 40% more than the previous frequency coding methods. Moreover, we provide evidence that the coupling between
azimuth and elevation angles remains consistent across different frequency coding techniques. Furthermore, the random change of carrier frequency
coding from one transmit period to the next allows us to leverage pulse-to-pulse frequency agility, adding an additional advantage to this method.
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Introduction

SIAR radars are one of the advanced radars developed due to the advancement of knowledge and new technologies in recent years. These radars are
designed and manufactured in different frequency bands from HF and metric to microwave. According to configuration of SIAR radars, the received
phase is affected by the range, azimuth and elevation angles. In this condition if an error occurs in calculation of one dimension (angle or range), it will
make an error in the calculation of another dimension. This is coupling between range and angles. To deal with this challenge, radar designers usually
design and set appropriate frequency coding and distribute them between transmitters.

Proposed Work and Methodology

The SIAR radar system with a circular arrangement consists of N transmitters and a receiver. The receiver is located in the center. The received signals
in the receiver channel are first separated and then each one is mixed with the transmitting reference signal (exp (j27 fit) . Then the received target
echoes are obtained. After DBF and separating the signals, the output of the signal processing is expressed. If there is any error in calculation of ¢ and
6 it makes error in calculation of R and vice versa. This is the concept of coupling between range and angles in SIAR.

One of the method is positive and negative sequential coding that was previously presened. Therefore in two consecutive periods, the positive sequential
frequency coding is transmitted in the first period (i) and the negative sequential frequency coding is transmitted in the next period (i+1). In this method
the target coordinates can be obtained as:

(Rt' et' (pt) = argmaxR,B,(p(lz(ti' R! 0! (P)| + |Z(ti+1' R' 9' (p) D
please revise: The advantage of this method is that the side lobes and main lobe are placed on the two intersecting lines but the side lobes level is high
and coupling is great. Another method is random frequency coding. One of the advantages of this method is reducing the side lobe level (SLL) but in
this method, many side lobes are scattered in all ranges and angles. In the novel proposed method, the advantages of the previous methods i.e. random
coding and positive and negative sequential coding, are used simultaneously . In the proposed method, N positive random codes are transmitted in the
i-th period and the negative of the previous period is transmitted in the i+1th period. The simulation shows that proposed method has a better
performance than the previous methods in coupling reduction and reducing of number and SLL. In the proposed method, first signals of two consecutive
periods are added together and then the absolute value operator is used. Applying the absolute value operator after adding reduces the side lobes.
Finally the number of side lobes decreases. The maximum output of the below equation shows the location of the target

(Re, 8y, ¢¢) = argmaxp g, 1| z(t, R, 0, )+ z(t;11, R, 6, )|}

Conclusion

In this article, first, signaling and mathematical relationships for proving the marriage of 3D SIAR radar with circular layout are presented. Additionally,
a new method called positive and negative random frequency codes is proposed to reduce the coupling between range and angles. Through simulation,
it is shown that the utilization of the proposed frequency coding yields better results compared to other frequency codings, and the coupling is reduced
by about 40% compared to methods such as sequential frequency coding, positive and negative sequential frequency coding. Furthermore, compared
to the random frequency coding method, in addition to reducing the coupling, the number of large sublobes around the target is significantly reduced.
In this simulation, it is observed that the use of this new frequency coding simultaneously takes advantage of the benefits of random coding and positive
and negative sequential coding in reducing coupling and the number of sublobes. These advantages do not impose complex and new computations and
the proposed method aligns with the structure of SIAR radars. Among other interesting points demonstrated in the mathematical relationships and
simulation is the independence of coupling between 0, ¢ angles from the type of frequency coding, which is consistent for all frequency codings.
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