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INTRODUCTION

Three dimensional analysis of monostatic scattering in urban-like environments, comprising numerous large smooth surfaces, requires computationally intensive simulations. Gaussian beam shooting (GBS) algorithms [START_REF] Lugara | Frame-based Gaussian beam summation method: Theory and application[END_REF] are well suited for such simulations involving multiple reflections and near field interactions. Our goal in this paper is to develop a beam-based computational technique with the complexity comparable to that of Geometrical Optics (GO). The accuracy of the obtained results will be established through comparisons with Iterative Physical Optics (IPO) results [START_REF] Burkholder | Iterative physical optics for radar scattering predictions[END_REF][START_REF] Gershenzon | Fast iterative physical optics with shadowing[END_REF].

PROBLEM FORMULATION

We consider a scattering problem where incident radiation undergoes several bounces before being returned back to the source, with the maximum number of bounces B being finite and greater than 2. Let P denote the maximum length of the GO rays between the first and last reflection points. We define N = (kR) 2 as a large parameter to estimate the computational complexity of computing the far-field monostatic scattering pattern over a range of elevation and azimuth angles. The number of directions (elevation/azimuth angles) required to describe the scattering pattern over a finite angular sector is of O(N). The number of rays to be launched to represent the incident plane wave is also of O(N). Assuming efficient ray tracing, i.e., O(1) operations per GO ray, simple GO propagation of O(N) rays through multiple reflections costs O(BN) and the total computation complexity of GO is equal to O(BN 2 ) in order to compute the field in the output plane. The final FFT needed to obtain the far field in the direction of back radiation does not modify this asymptotic complexity.

GBS ALGORITHM

In the proposed GBS algorithm, the incident field on or near the first reflecting surface is expanded into a superposition of frame windows, each of which radiates in the form of a beam propagating from the first to the last surface. The frame window parameters are chosen so that the beams remain collimated at least until they reach the last reflecting surface, i.e., b > P where b is the beam collimation distance, L 2 /λ, with L being the frame window width parameter. The Gaussian beam width L should be small compared to the size of the surfaces, i.e. L << R. Gaussian beam bouncing involves the same complexity as ray bouncing, hence direct summation of O(N) beams for O(N) values of the far field angles γ, and B bounces, yields a computational complexity equal to O(BN 2 ). It should be noted that the far field of a Gaussian beam is known analytically, hence the direct summation of beams yields the monostatic pattern in a straightforward manner:

U(γ ) = Σμ aμ (γ ) Bμ(γ ) (1) 
where μ = (m1,m2,n1,n2) is a composite beam index including two spatial and two spectral indices m= (m1,m2) and n= (n1,n2), respectively. Also in [START_REF] Lugara | Frame-based Gaussian beam summation method: Theory and application[END_REF], aμ (γ ) represents the beam excitation amplitude after the scattering process, and Bμ(γ ) -the outgoing farfield beam field in direction γ , resulting from the bouncing of the beam initially radiated by the wμ source frame window.

Only few of the frame windows representing the incident field are expected to contribute to the monostatic back-scattered field, due to their spectral localization. Hence most of the coefficients, aμ(γ ), should be negligible. Scatterers will be characterized according to the sparseness and localization of nonzero coefficients in the matrix of the aμ(γτ) coefficients, with τ =(p,q) being the composite index for the grid of far field directions (θp,ϕq). Thanks to the sparseness of this matrix, the proposed GBS algorithm is expected to be more efficient than the IPO [START_REF] Gershenzon | Fast iterative physical optics with shadowing[END_REF] while maintaining comparable accuracy.