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Near field sources cannot be located by using far field assumptions without compromising the precision. To solve this issue, many passive near field sources localization techniques have been proposed in the last few decades. There exists a lot of research work in which circular receiving array is used to locate a single near field source in 3D. In this paper, this domain is extended to active localization by proposing a low complexity closed-form method based on least squares estimation to locate a near field target using a bistatic MIMO system with uniform circular arc transmitting and receiving arrays. The simulation results indicate that the proposed method is capable to estimate the spherical coordinates of the target and also shows acceptable performance like the most of the existing near field source localization methods.

I. INTRODUCTION

A source in the space surrounding an antenna or an array falls under near or far field region based on its distance with respect to the largest dimension of the antenna or the array [START_REF] Swindlehurst | Passive direction-of-arrival and range estimation for near-field sources[END_REF]- [START_REF] Zhi | Near-field source localization via symmetric subarrays[END_REF]. We can find enormous research work dealing with far field sources localization because it plays important role in the applications like radar, sonar, and wireless communication. However, near field sources localization is equally important. It has applications in medicine, robotics, smart devices, etc. Near field sources can not be located by using far field assumptions without compromising the precision. Therefore, many passive near field sources localization techniques have been proposed in the last few decades. Among which, there is a unique interest in single near field source localization techniques using uniform circular array (UCA) because of its attractive geometry and capability to localize source in 3D as compared to a unifrom linear array (ULA) [START_REF] Jung | Closed-form algorithm for 3-D single-source localization with uniform circular array[END_REF]- [START_REF] Wu | Simple and accurate two-dimensional angle estimation for a single source with uniform circular array[END_REF].

In this paper, we extend this scenario to active localization by using a bistatic MIMO system with uniform circular arc transmitting and receiving arrays. All the antennas of both arrays are considered to lie on a big circle, forming two separate arcs on the circle for each array. This configuration simply replaces the circular array, therefore, this can be used in the applications of circular array. Classically, a 3D MUSIC based approach can be used to obtain a good estimation of the range, elevation angle, and azimuthal angle of a near field target, however, it will be computationally very costly due to three non-separable variables. Therefore, we propose a least squares (LS) based closed-form approach.

In the following, we formulate the signal model of the received signal reflected by a target in the near field region of a bistaic MIMO system with uniform circular arc array in section 2. In section 3, we explain the proposed method. Followed by, simulation results and conclusion in section 4 and section 5 respectively.

II. NOTATIONS

The scalars are represented by normal lower or upper case alphabets. A bold lowercase alphabet represents a vector whereas a bold uppercase alphabet denotes a matrix.

, , and are the sets of all integers, real, and complex numbers respectively. and respectively denote the transpose and conjugate of a matrix. , , and represent the absolute value, argument, and principal value of a complex number. E{ } gives the expected value. . III. SIGNAL MODEL Consider a bistatic MIMO system with uniform circular arc transmitting and receiving arrays containing and omnidirectional antennas respectively. The inter element spacing in both arrays is as shown in Fig. 1. The center elements of the arrays are taken as their phase reference points which are located on the y-axis at distance from the origin. As shown in Fig. 1, all the antennas are located on a circle of radius in xy-plane making two arcs corresponding to each array. Here, we have considered single target situation whose radial distance, radelevation angle, and azimuthal angle with respect to the origin are denoted by , , and respectively. In case of a bistatic MIMO system, the matched filtered received signal for a single target can be written as [START_REF] Yan | Multitarget identification and localization using bistatic MIMO radar systems[END_REF] (1) where is the zero mean noise vector with variance complex Gaussian entries, is the complex reflection coefficient of the near field target varying with time according to Swerling case II [START_REF] Swerling | Probability of detection for fluctuating targets[END_REF] . and are respectively the directional vectors of departure and arrival which can be expressed a

(2) and [START_REF] Zhi | Near-field source localization via symmetric subarrays[END_REF] where is the wavelength of the carrier.

is the distance traveled by the signal transmitted by the th transmitting antenna to reach the target.

is the distance traveled by the reflected signal from the target to the th receiving antenna. and are the relative indexes of the antennas with respect to their corresponding reference antennas. In terms of , and can be expressed as ( 4), (5) ( 4) and ( 5) where [START_REF] Eun-Hyon | Closed-form 3-D localization for single source in uniform circular array with a center sensor[END_REF] In case of a single receiving array, near field region is defined by Fresnel region which is bounded by the following upper ( ) and lower ( ) bounds (3), [START_REF] Wu | Simple and accurate two-dimensional angle estimation for a single source with uniform circular array[END_REF] and [START_REF] Yan | Multitarget identification and localization using bistatic MIMO radar systems[END_REF] with , the largest dimension of the array. On extending this concept to a bistatic MIMO system, we can have three such regions. Two corresponding to the individual arrays and one for the whole system. For the whole system, . And, for the transmitting and receiving arrays, and respectively.

IV. PROPOSED METHOD

The following subvectors can be written from ,

and [START_REF] Tribolet | A new phase unwrapping algorithm[END_REF] where and are the respective noise subvectors. Further, we can say [START_REF] Golub | Total least squares[END_REF] and ( 12) where denotes the component of corresponding to the th transmitting antenna. The components of the remaining vectors are denoted in the similar manner.

The argument of a complex number can only be calculated in its principal form. The arguments and principal values of and are related as, and

, where denotes the number of rotations around the origin. From ( 11) and ( 12), we can say, and . However, for the proposed method, we need and . For a single complex number, deducing its argument from its principal value is impossible. However, for a vector of complex numbers with unambiguous phase differences between the consecutive components, we can use unwrapping algorithm proposed in [START_REF] Tribolet | A new phase unwrapping algorithm[END_REF] to deduce the arguments. The unwrapping of the principal values of vector components often adds a phase shift to all the unwrapped phases. This phase shift can easily be removed by subtracting the unwrapped phase corresponding to the reference antenna from every unwrapped phase of that directional vector. Let and . Further, using (4) and ( 5) with some mathematical manipulations, we can transform these equations as In ( 18), and appear on the either sides of the equations, therefore, total least squares (TLS) is a better approach here than the conventional least squares (LS) [START_REF] Golub | Total least squares[END_REF]. Let be the right-singular-vector corresponding to the smallest singular value of . Then, the estimated radial range . Through out the simulation, is taken as the unit of length and the angles are expressed in degrees. Based on the considered radar parameters, the Fresnel bounds of the system and transmitting and receiving arrays are given in Table I. To analyze the performance of the proposed method, we have compared the root mean square errors (RMSE) in the estimations of , , and with their Cramér-Rao lower bounds (CRLB) for different signal-to-niose-ratios (SNR) in Fig. 2.

samples and Monte Carlo trails are used to compute RMSE. From Fig. 2, we can say that the proposed method is capable to estimate the spherical coordinates of the target. However, the RMSE of target parameters are far from their respective CRLB. The primary reason of this poor performance is the partial exploitation of the available information.

VI. CONCLUSION

A low complexity single target localization method using a passive radar system is proposed here. The arrays of the bistatic MIMO system are assumed to lie on a big imaginary circle to simplify the model which allows us to estimate the spherical coordinates of the target using closed from expressions. The proposed method can also show acceptable performance for , like the most of the existing near field source localization methods.

Figure 1 .
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