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Abstract—A hybrid technique combining the shooting-and- of-moments (MoM) with the geometrical theory of diffraction
bouncing-ray (SBR) method and the method-of-moments (MoM) (GTD) by Thiele et al. [1]-[3]. In this approach, the effect
is presented for analyzing scattering by large conducting bodies of a large body is included by incorporating its diffraction
having small protrusions. In this technique, the MoM with an . g ) . - .
approximate Green'’s function is used to characterize the small into the Green's funptlon in the integral ?quat'on for the
protrusions, yielding an admittance matrix, which, when multi-  Small structures, which accounts for all interactions. The
plied with the incident field on the protrusions, yields the currents approach is particularly attractive for analyzing the radiation
induced on the protrusions. The incident field in the presence of of an antenna placed on a large body and it has recently
the large bodies is calculated using the SBR method. The field been extended to scattering by finned convex objects [4].

radiated by the currents on the protrusions is also calculated While thi hi te. it is difficult to imol t
using the SBR method with the aid of reciprocity. Furthermore, lle this approach Is accurate, 1t IS diificult to implemen

an iterative approach is developed, which can reduce the error in @ general-purpose computer code because of its complex
introduced by the use of the approximate Green's function. nature. A more practical approach is to develop a technique

Numerical results are given to demonstrate the accuracy and that can include all significant interactions and neglect all
capability of the hybrid technique. trivial interactions. A successful example is given in [5] and
Index Terms—Electromagnetic scattering, geometrical theory [6] where the shooting-and-bouncing-ray (SBR) method is

of diffraction, moment methods. combined with the finite-element method (FEM) to solve
for the scattering and radiation by a large body with cracks
|. INTRODUCTION and cavities on its surface. The resulting hybrid technique

) ) .can produce sufficient accuracy and can be implemented in
FOR analysis of large-scale electromagnetic Scatter"éggeneral-purpose computer code. In this paper, we employ

problems, high-frequency asymptotic methods are fagle same philosophy to develop a technique that combines
but approximate, whereas low-frequency numerical methogs, spr method and the MoM to solve for the scattering
are accurate but slow. Neither can produce an efficient agdl |3rge conducting bodies with small structures mounted
accurate solution to scattering by large bodies containii@ iheir surfaces. We note that since the nature of this

small structures. A promising approach is to combine the e js different from that in [5], the formulation is also
best features of both types of methods to produce a hybfierent. To be more specific, in the proposed technique,

technique that is sufficiently fast, reasonably accurate, aQH integral equation is first derived for the currents in the

applicable to a class of unsolvable problems such as Hre ghject, including the large body and the small structure.
scatterers mentioned above. There are two extremes [Qf .hqnsing a proper Green's function that satisfies certain
this type of hybridization. One is simply t0 SUperiMPOSg,,nqary conditions on the surface of the large body, the
solutions from asymptotic and numerical methods. While thigiera| equation is reduced to an integral equation over the
approach is most widely used in practical applications, df,tace of the small structure. Application of the MoM to

neglects.th('e. mtergctlons between the two solutions, W'hlﬁlﬂs equation with an approximate Green’s function yields an
can b_e significant in many problems. _The other ex_treme IS Mmittance matrix, which characterizes the small structure.
combine an asymptotic and a numerical method in an exgghen multiplied by the incident field on the small structure,

manner, such as the classical work of combining the methQgisich s calculated using the SBR method, the admittance
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Equation (3) with the free-space dyadic Green’s function
S provides the necessary integral equation for a MoM solution of
J and thenE. However, sinceS includes the entire surface of
the scatterer, a MoM solution of (3) requires the discretization
@ of the entire surface, resulting in a very large number of
unknowns for a large scatterer. As a result, the size of a
Sy @ + 48, scatterer to be handled by MoM is very limited because of
the limitation of computer memory and time. To alleviate
this limitation for the special scatterers considered here, we
decompose the scatterer in Fig. 1(a) into two parts: one is the
large body whose surface is denoted%sand the other is
the small protrusion whose surface is representedshyas
the resultant solution can be rather inaccurate. In this ca#kistrated in Fig. 1(b). Assuming th&k, is a dyadic Green’s
the accuracy of the approximate solution can be improvéanction that satisfies the boundary condition
using an iterative approach, similar to the methods employed in
[71-[9]- This iterative approach can also be applied to the case f X Gy(r,r')y =0 forrons, (5)
of multiple small structures having mutual interactions. As a
result, although the hybrid technique presented is approximateaddition to (2) and the Sommerfeld radiation condition, (3)
its accuracy can be improved systematically when necessdhgen becomes
This technique has been implemented successfully for two-
dimensional scattering and yielded excellent results [10]. In E(r) = E;‘jw(r) — jwho // Cb(r, ) - I(x') dr’! (6)
this paper, we implement this technique for three-dimensional Sp
(3-D) scattering to evaluate its accuracy and capability.

(b)
Fig. 1. (a) Original problem. (b) Decomposed problem.

and (4) becomes

Il. THE HYBRID SBR/MoM TECHNIQUE

Einc — a / 'Ji / d /' 7
In this section, the basic principle of the hybrid SBR/MoM p(x) ko // v, olx, 1) - Jilr) dr @

technique is described, followed by a discussion of the appli-

cation of SBR and MoM in the hybrid technique. Clearly, Ej* is the electric field produced by; in the
presence of the large body without the protrusion. Sifigés
A. The Basic Principle small, (6) can be solved by MoM efficiently. The formulation

escribed above can be readily applied to problems where
e large body has one of the canonical shapes for which the
yadic Green’s function is available. However, for a general
gﬁape ofS,, the explicit expression df, is usually unknown.
As a result, the MoM solution of (6) has three difficulties: 1)
V x V x E(r) — k2E(r) = —jwpods(r) (1) the required excitatiorE;"* cannot be calculated using (7);
2) the elements of the MoM impedance matrix cannot be
whereJ; denotes the source of the incident field. To fiﬂd theomputed; and 3) the field radiated Bycannot be evaluated
electric field, we introduce the dyadic Green’s functiGh even if J is obtained. In the following, we discuss the
which satisfies the equation approaches to alleviate these difficulties.

V XV xG(r,r) - k3G(r, ') = I6(r — 1) ()

Consider the problem of wave scattering by a large perfec}
conducting body with a small protruding structure, iIIustrateg
in Fig. 1(a). The electric field satisfies the vector wave equ
tion

B. The SBR Application

and the Sommerfeld radiation condition. Multiplying (1) by he first difficulty can be alleviated by using a different
G and applying the vector-dyadic Green’s theorem [11], WRethod to calculatdgi™. SinceEi™ is the incident electric

obtain the electric field integral equation (EFIE) field in the presence of the large body without the protrusion,
4 ) — , o it can be calculated efficiently and accurately using the SBR

E(r) = E™(r) — jwpo // G(r, ') - J(')dr’  (3)  method with proper care.
> } . The SBR method is a high-frequency technique for com-
where S denotes the surface of the entire scatteders the ting scattering of electromagnetic waves by electrically
surface current density induced 6h andE*™° represents the large bodies [12]-[14]. In the method, a dense grid of rays,

incident electric field given by typically 1020 rays per wavelength representing the incident
ine ) ., o field, is launched toward the target. Each ray is traced as
E™(r) = —jwpuo // G(r,r’) - Ji(r') dr (4) it bounces around within the target region and is governed

Vs . . . .

o by the geometrical optics (GO). At the last hit point or
in which V; denotes the volume occupied By. If G is the at each and every hit point, a physical optics (PO)-type
free-space dyadic Green’s functiaB/" is then the electric integration is performed to determine the ray contribution to
field produced byJ; in the free-space without the protrusion. the scattered field. The total scattered field is the summation of
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the contributions from all the rays. The SBR method has been
implemented into a computer code, known as XPATCH [15],
which can compute the radar cross section (RCS) of realistic 3-
D targets. Although the SBR method can be employed directly
to calculateEi"¢ on S, it can be time consuming since
the total computing time is proportional @(n.N,qy1 Ne),
where N,,,1 denotes the number of rays that hit the large
body (S;) and V,,; denotes the number of triangular elements
resulting from the MoM discretization of the protrusia$i,§,

andn denotes the number of MoM integration points within
each triangular element (typically from three to seven). A
more efficient method is to trace each ray and when a ray
passes through a triangular element 8n (remember that

the protrusion has been removed), its contribution to the field
at the integration points on that element is calculated. Doing
this, the computing time can be reduced to that proportional to
O(Nyoy1)+O(nNpgy2Nivi ), WhereN,., o denotes the number

of rays that hit the protrusion. The implementation of this
approach, however, has a problem, as explained below. In
practical applications, most targets have curved surfaces, in-
stead of planar surfaces. When a curved surface is represented
by a facet model, each facet actually represents a small portion
of the curved surface, although each facet itself is flat or planar.
Thus, when a ray hits one of these curved facets, its reflecting
ray tube must either converge (when reflected from a concave
surface), diverge (when reflected from a convex surface), or do
a combination of the two (when reflected from a saddle point) (b)

in order to accurately model the physics. Neglecting the effemy. 2. Ray tube coverage reflecting from a cylinder. (a) Divergence off. (b)
of the curved facets on ray tubes will lead to an erroneof¥&ergence on.

calculation of the near field, though its effect on the far field

calculation is insignificant since the latter is calculated by As it turns out, the procedure described above works well
integrating the surface field as described above. This problémmost cases, but some problems arise due to finite round-
is illustrated in Fig. 2(a), where a plane wave is incident ongif errors in the computations. Ideally, the grid of ray tubes
circular cylinder from the left side. Clearly, the reflecting raghot into the scene is intended to uniformly cover the space,
tubes fail to cover the entire space and there are large g&ps in cases where a point lies on or very near the border
between the adjacent ray tubes. A simple method to solve thistwo ray tubes, it can often be either double-counted (hit
problem is to multiply each ray tube with a diverging factoby two adjacent ray tubes) or missed completely. This can
determined at the hit point of the center of the tube, so that edeldd to inaccurate field calculations. The solution to this
ray will diverge as it leaves the curved surface. This methgaloblem is to redefine the ray tube and introduce ray-tube
works satisfactorily for a surface having the same curvatubasis functions. Instead of having a grid of barely touching
such as a cylindrical and spherical surface. However, maal tubes with a constant magnitude within each ray tube, the
curved surfaces have different curvatures at different pointsew ray tubes are defined with twice the width and the height
For such surfaces, the simple method described above &l that the ray tubes are overlapping. To ensure a uniform
leads to gaps or false overlapping between adjacent ray tulfesd, a ray-tube basis function is then introduced such that
resulting in errors in the near field calculation. To solve thist any point in space the contribution from all overlapping
problem, instead of tracing the centerline of a ray tube amabes add up to unity. This basis function can be written
determining the reflecting direction and diverging factor bases f(u,v) = (1 — |u|)(1 — |v|) for a ray tube extends over
on the hit point of the center of the ray tube, we trace the fowrl < » < 1 and —1 < » < 1 in normalized ray-tube
corner rays of a ray tube separately. Each corner ray is reflectedrdinates. Clearly, the magnitude is one at the center of the
into the direction based on its hit point and the reflectingy tube and varies to zero at the edges of the tube. With this
ray tube is then formed by connecting the four corners. Timeodification, we can calculate accurately the field reflected to
diverging factor used to calculate the field is determined frof, by the large body.

the ratio of the cross section of the ray tube at the field point toln addition to the reflected field, another major contribution
its original size. The detailed implementation of this methot E{" is the direct illumination (zero bounce). This field can
is described by Carolan and Jin [16]. When this method I calculated efficiently by launching a ray from the field point
applied to the problem in Fig. 2(a), the reflecting ray tubemn S,, toward the source. If the ray is not intercepted by the
are shown in Fig. 2(b), yielding a very satisfactory result ilarge body, the field point is directly illuminated and a direct
the near field calculation. incident field is then added to that point.
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Large body Large body Large body 1A

Fig. 3. Effects included in the hybrid technique: direct and indirect incident
fields and direct and indirect scattered fields.

8A

31 — T T T

Large body

30.5¢ — FISC
: - - HYBRID

Fig. 4. Effects not included in the hybrid technique, but can be recovered a0t
by an iterative approach: field scattered by the protrusion, diffracted and/or

reflected back to the protrusion by the large object, and scattered by the 295
protrusion again.

29

RCS {dBsw)

C. The MoM Application

As mentioned above, the second difficulty caused by the
lack of a closed-form expression f&&, is in the evaluation 28r
of the elements of the MoM impedance matrix. To alleviate
this difficulty, we first consider the role of, in the MoM

2851

27.5F

solution. To solve (6) by MoM, we apply it 08, and take - . ‘ . . . . . .
the cross product with the normal &, yielding 0 B B e @
Jwioh X // Gy(r, v') - I(r') dr’ @
‘Sp HH-pol
=7 x Ej"(r) for r ons,,. (8) 4 —
Since bothr andr’ are onS,,, the G,(r, r') in this equation sosr —— FisC 1

represents the interaction between the two points on the ~ 7 HYBRID

protrusion. This interaction includes three contributions. The
first is the direct interaction between the two points (the field
produced by the point source =t reaches directly at) and

this interaction can be represented by the free-space dyadic
Green’s function. The second is the interaction through the
base (assuming locally flat) on which the protrusion is placed
(the field produced by the point sourcerais reflected by the 08|
base to the point) and this interaction can be represented by
the free-space dyadic Green'’s function with theeplaced by 275} 1
the image point;. The combination of these two interactions

can be represented by the half-space dyadic Green’s function 2o 2 4 e 8 100 120 140 160 180
denoted asGy,;;. The third contribution is the interaction Theta (degrees)

through the other parts of the large body such as the edges (b)

(the field produced by the point sourcertis diffracted by rig 5. Monostatic RCS of a plate attached to a finite circular cylinder in the
the edges to the poinf). We denote this interaction &Sz, = plane. (a) Vertical (VV) polarization. (b) Horizontal (HH) polarization.

which is the difference betwee®, and Gy,.ir. Therefore, we _
have is then given by

ny
©o [%]
o o

RCS (dBsw)
N
w0

28.5F

Gy(r, r') = Grau(r, r') + G (r, ). @

= VV
. . . .Gla ; = I+_> ) ) — ) ; + 222 ) ;
Using a local coordinate system for the MoM analysis which " u(r, ) < k2 Lo, ) = g, ri)] + 2229 (x, 13)

places thez = 0 plane on the base of the protrusio@,.ic (20)
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Fig. 6. Monostatic RCS of two small plates placed on a large thick plate ] ) )
in the 2z plane (multiple interactions are included in the MoM solution). (afig. 7. Monostatic RCS of two small plates placed on a large thick plate in
VV polarization. (b) HH polarization. the 2z plane (multiple interactions are not included in the MoM solution, but

recovered by the iterative approach). (a) VV polarization. (b) HH polarization.

whereg(r, 1) = =%l /az|r — 1’| andr = 2"+ 45— gone in [1]-[4], its numerical implementation is complicated
#'% denotes the image point of = /% +y/§ + 2’2. Whereas and dependent on the geometry of the large object. To simplify
the expression folG,.yc is available, the expression fékqa  the MoM solution and effectively decouple the MoM and SBR
is often difficult, if not impossible, to obtain. Although the efcomputations, we negledsq;s in the MoM solution of (8)
fect of Gg;x can still be included in the MoM solution, as wasand doing so we neglect the field scattered by the protrusion,
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diffracted and/or reflected back to the protrusion by the larg
body and scattered by the protrusion again. In most case
this field is unimportant. However, when necessary it can b
recovered by using an iterative approach discussed in the ne
section. The MoM solution of (8) is straightforward. Firs},

is subdivided into small triangular elements and the currer
on S, is expanded as

N
3= Liur) (11)
n=1

where N is the number of unknowns anfii(r) denotes the

vector basis functions. In this work, the Rao-Wilton—Glissor
(RWG) basis functions [17] are used &gr). In the usual

MoM analysis, N includes only the interior edges; however,
here N must include the boundary edges connecting th
protrusion to the large body to allow the continuous flow of
the current from the protrusion to the large body or vice vers:
Applying Galerkin’s method to (8) results in a matrix equation

[Z1{1} = {V} (12)

whose elements are given by

Zmn :jwuo // //
T T,

(b)

1
. { {fm(r) A (r') — SV fu(0)V - £, () Fig. 8. (a) The almond (20 m long, 7.2 m wide, and 2.6 m thick) with a
ks mushroom-shaped protrusion. (b) The VFY218 airplane (15.5 m long, 9 m
. [9(1'7 r’) _ g(r, r;)] +25. f'rn(r)% Wide,' and 4.1 m thick)_with a r_nushroqm—shapgd protrusion. The protrusion
consists of a tapered circular disk, having a radius of 0.8 m and thickness of
/ / / 0.6 m at the center, supported by a circular cylinder having a radius of 0.25
u(r)g(r rz)} dr’dr (13) m and height of 0.7 m.
_ inc . .. .
Vin = / /T E;"(r) - £ (r) dr (14) protrusion must be divided into many rays and to trace each

m

_ ray, its divergence factor must be calculated and tracked.
where’;, (or 1;,) denotes the triangular elements covered byloreover, the process has to be repeated for each element

t,, (or £,). in the protrusion. In this work, we use the second approach,
which employs reciprocity theorem. In this approach, we place
D. Scattered-Field Computation an infinitesimal electric current element at the observation

Once the surface current on the protrusion is obtained, thgint, either vertically polarized or horizontally polarized. We

. . . . . . shr .
scattered field radiated by this current in the far zone can BN compute the electric fiel;™, produced by this current
evaluated using element onS,, in the presence of the large body without the

o protrusion using the SBR method. In the backscatter case,
E*“*(r) = —jwpo // Gy(r, r') - J(x')dr'.  (15) E is the same agire, From the reciprocity theorem, the
Sp scattered field can be obtained as
Sincer in this equation represents the observation point in jwpoe—I .
the far zone, one cannot repla€&;, with Gy because Egea(r) = ——r—— //S J-E} dr'. (16)

such a replacement would neglect the field scattered by the

protrusion and diffracted and/or reflected to the observatidh'® total scattered field from the entire scatterer is the super-

point, resulting in an error whose magnitude is comparable pgsition of this field and the field scattered by the large body

the field scattered directly to the observation point. There afdthout the protrusion, which can be calculated efficiently and
curately using the SBR method.

two approaches to alleviate this problem. One approach is3o
first compute the field scattered by the protrusion over a small
half-spherical surface enclosing the protrusion. This field is
then converted into many rays which shoot along the radialBecause of the use of the SBR meth&;© in (6) includes
directions. The contribution of each ray to the observatiamt only the direct incident field, but also the fields multiply
point is then calculated by the SBR method described earliegflected by the large body. Generally speaking, the magnitude
This approach has the advantage of simultaneously computofgthe indirect incident field is comparable to that of the
the scattered field in all directions. However, to obtain accurad@ect field, so neglecting either of them will result in a
results the field on the half-spherical surface enclosing teignificant error in the calculation dE{™<. Similarly, since

v, h

d7r

Ill. | TERATIVE IMPROVEMENT
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20 - . . - K . . - the field produced by this current in the presence of the large
body. This field can be considered as the secondary incident
field, which, when superimposed to ti&", yields a new
incident field on the protrusion. Using this as the incident field

in (14), we obtain a new improved current on the protrusion.
This process is repeated several times until a stable value for
the current is reached. The iterative process can be expressed

§ as
) {4 = [Z2) HVIEY + E({1}-0)]} a7
- SOHD: b wih Froston wherei denotes the number of iteratioBy, ({I}; 1) denotes
DASHED: Xpatch with Protrusion . .
S DOTTED: Xpatch without Protrusion the field on the protrusion produced by the curréit;_;
b W  polarization 1 on the protrusion, which can be calculated using either PO

or the SBR method. A similar approach can be employed for
) , , , ) , ) ) large bodies with multiple protrusions. When each protrusion
OB Angs Eevaton = Odegraes) % is characterized using the MoM, the interaction between them
@ is neglected. To recover this interaction, we can first analyze
protrusions separately and obtain the current on each protru-
sion. We then choose the current on one of the protrusions as
the excitation to obtain the secondary incident fields on other
protrusions, which then yield new currents. This process can
be repeated until the convergence is reached. For the case with
two protrusions, the process can be expressed as

{L} =[] H{VIE" + Ex({ L))} (18)
{L}i =[Za] " H{Va[ES™ + Ex({L}i )]} (19)

where E; ({1 }) denotes the field on thgth protrusion pro-

20

RCS (dBsm)
i
5

—z0| SOUID: Hybrid with Protrusion ] duced by the current on thiegh protrusion, which can again
DASHED: Xpatch with Protrusion be calculated using either PO or the SBR method.
DOTTED: Xpatch without Protrusion

-301 . _. HH - polarization

IV. NUMERICAL RESULTS

) , , ‘ ) , To demonstrate the accuracy and capability of the proposed
Aaimuth Angla (Elovation =0 degrass) o0 hybrid technique, we present some examples in which the
) incident wave is assumed to be a plane wave. In all the exam-

ples, the hybrid solution is compared to another independent
Fig. 9. Monostatic RCS of the almond with a mushroom-shaped protrusigla)'ution

at f = 300 MHz. (a) VV polarization. (b) HH polarization.

L N
20 40

The first example is a scatterer consisting oba11) plate
placed on a finite circular cylinder having a diameter afahd

E:"; in (16) is calculated using the SBR method, the reflectidength of 8. The hybrid solution is compared to the MoM
and multiple bounces are also included in the scattered-figlglution obtained by applying MoM to the entire scatterer.
calculation. Therefore, all major interactions, as illustrated mhis MoM solution is calculated using the fast Illinois solver
Fig. 3, between the SBR and MoM have been included in tkede (FISC) which implements the multilevel fast multipole
hybrid technique. algorithm (MLFMA) [18]. The results are given in Fig. 5,

The only approximation in the hybrid technique is inshowing a good agreement between the two solutions.
troduced by the approximate Green’s function, formed by The second example is a scatterer consisting of two plates
neglecting the second term in (9). As pointed out earliesf different size (2x 2\ and I\x 1), respectively) placed
this neglects the field scattered by the protrusion, reflecteéfl apart on an 8x 8) large plate having a thickness ofi.1
and/or diffracted back to the protrusion by the large objecthe hybrid solution is again compared to the result obtained
and scattered by the protrusion again, as illustrated in Fig.uking FISC and the comparison is shown in Fig. 6. Again, the
In most problems, this contribution is insignificant. Howeveagreement between the two solutions is good. In calculating
when the protrusion is very close to edges and reflectitige hybrid solution, we applied a single MoM to the two small
surfaces, this contribution can become significant and iiéates or, in other words, the two small plates were treated as a
omission can cause a substantial error in the solution. Hes&gle protrusion. As a result, the multiple interactions between
we describe an iterative approach, similar to those in [7]-[%he two small plates are included in the MoM solution.
to reduce the error systematically. To show the effectiveness of the iterative approach, we

In this iterative approach, we use the current on the protmeconsider the second example. We first apply the MoM to
sion obtained from (12) as the initial value and then calculagach of the two plates independently and, hence, no interaction
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Fig. 11. Range profile of the VFY218 airplane with a mushroom-shaped
Fig. 10. Monostatic RCS of the VFY218 airplane with a mushroom-shapguotrusion for the head-on incidence. (a) VV polarization. (b) HH polarization.
protrusion atf = 300 MHz. (a) VV polarization and (b) HH polarization.

gow that the protrusion has a significant contribution to the
tal RCS (30 dB in the almond case and 20 dB in the VFY218

rc]:(g}se) in the low-observable directions. Finally, Fig. 11 gives

between them is included. The hybrid solution so obtaln?
is represented by the dotted line in Fig. 7, which shows a
S|gp|f|cant disagreement with the FISC result, especially i n tthe range profile of the VFY218 airplane with the protrusion
region between 130and 160, because of the strong multiple
for the head-on incidence.

interactions. This error is, however, reduced significantly when
the iterative approach is applied with only two iterations. The
result is shown by the dashed line which agrees with the FISC V. CONCLUSION
solution very well. A hybrid technique is presented for scattering by large

In the next two examples, the protrusion is a geometricalbodies having small protruding structures. The technique in-
tapered circular disk supported by a small circular cylindeokes the equivalence principle to replace the protrusions
having a radius of 0.25 m and a length of 0.7 m. Thiwith equivalent electric currents. The incident fields on the
object is placed on an almond and the VFY218 airplane, peotrusions are calculated using the modified SBR method. The
shown in Fig. 8. The RCS of these two targets is given iequivalent currents are then computed using the MoM method
Figs. 9 and 10, respectively. The hybrid solution is comparedth an approximate dyadic Green’s function. Finally, the
with the result obtained by XPATCH, which applies thescattered fields are evaluated using the SBR method with the
SBR directly to the entire target. The two solutions agresd of the reciprocity theorem. The hybrid technique combines
remarkably well. It is evident in the almond case that thdéne SBR method with the MoM in such a manner that the
multiple interaction between the protrusion and the almond 88R and MoM computations are carried out separately and yet
predicted correctly. Also shown is the RCS of the two targe#dl significant interactions are included. For problems which
without the protrusion calculated using XPATCH. The result®quire higher accuracy than the hybrid solution would give, an
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iterative approach was designed to systematically improve th
accuracy. The accuracy and capability of the hybrid techniq
were demonstrated using 3-D scattering examples.
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