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Abstract—A Method of Moments (MoM) approach for trun-
cated Reflective Intelligent Surface (RIS) is proposed. The re-
sponse of the truncated RIS is obtained as the sum of a term
that includes only the grounded slab and a term with the response
of the metallization on the same slab. The first term is truncated
to the dimensions of the finite RIS based on a Physical Optics
(PO) approximation. This approach is validated analytically and
numerically in the case of a finite metallic plate on the grounded
substrate. Besides, an analysis methodology for RIS made of
printed parallel strips is developed assuming a structure infinite
in one direction and is validated using a full 3D MoM code for
a RIS finite in both directions.

Index Terms—Reflective Intelligent Surface (RIS), Method of
Moments (MoM), specular reflection, array truncation.

I. INTRODUCTION

Reconfigurable Intelligent Surfaces (RISs) have attracted a
great deal of interest in recent years in the antennas and prop-
agation community [1]. Thanks to their ability to create abnor-
mal reflections in the desired directions, RISs are expected to
be one of the key elements of smart environments for future
development of communication systems [2],[3]. RISs can
be designed using several methods. For example, anomalous
reflectors can be designed with the sheet impedance concept
[4]. However, when using metallic patches to implement the
impedance, the results may diverge from those obtained with
the homogenized impedance [4]. Also, homogenization is not
always possible, for instance when the substrate is very thin. In
this case, it is worth relying exclusively on full-wave methods
such as the Method of Moments (MoM). This in principle
addresses a wider category of RIS structures. Finallly, another
design technique was proposed based on periodically spaced
metallic strips with periodic lumped loads [5].

This work presents a full-wave methodology for accounting
for specular reflection on a grounded dielectric slab in the
analysis and design of a truncated RIS. The approach is based
on a physical optics (PO) approximation whose validity holds
for sufficiently large structures relative to wavelength, which
is typically the case in the context of RISs. This approach
is developed analytically and verified numerically using a
previously validated in-house 3D MoM code [6], [7]. Then,
a MoM-based analysis methodology for RIS consisting of
printed parallel strips, infinite in one direction, is introduced.
In this case, the physical structure of the RIS is directly
incorporated into the solver, rather than relying on a sheet
impedance model. This approach eliminates the need to transi-

tion from the ideal impedance to the actual patch-implemented
RIS, thereby enhancing the solver’s reliability and widening
the range of possible structures. This methodology is validated
using a RIS that is finite in both dimensions, simulated with a
full 3D MoM code. The paper is structured as follows. Section
II presents the full-wave formulation giving the response of
a truncated RIS accounting for the specular reflection and
validates the model using a fully metallized example. Section
III describes the MoM formulation for analyzing RIS made
of infinite printed parallel strips and Section IV compares the
results obtained from the developed formulation with those
from a full 3D MoM code simulating a RIS composed of
strips finite in both dimensions. Finally, conclusions are drawn
in Section V.

II. FULL-WAVE MODEL FOR THE RESPONSE OF A
TRUNCATED RIS

This section describes the response of a truncated RIS
in which the total deflected field is expressed as the sum
of a term due only to the specular reflection of the finite
grounded substrate and a term due to the radiation of MoM
currents generated by an incident plane wave. The following
subsections provide a detailed description of this approach and
a validation through a full metallization example. This will be
done for the TE incidence; the methodology is the same for the
TM case. A schematic representation of the specular reflection
term Fs and the radiation of the surface metal Fm is provided
in Fig. 1.

Fig. 1. Schematic representation of the specular reflection Fs and the
radiation of the surface metal Fm

A. Specular Reflection formulation

The analytical expression for specular reflection is reminded
for a finite grounded dielectric slab in the absence of metal-
lization on top of it. To account for truncation, it is assumed
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that the field pattern reflected by the grounded substrate can
be modeled as the radiation of twice the magnetic currents
M, located on top of the grounded substrate of surface S,
which corresponds to the RIS area (PO approximation). The
corresponding radiation pattern, Fs, is given by:

Fs(û) =
−jk0η0

4π

∫∫
(−2û×M)ejk0ρ̄·û dS, (1)

where k0 is the free-space wavenumber, η0 is the vacuum
impedance, ρ̄ is the position vector to any point on the RIS
surface and û = (ksx, k

s
y, k

s
z)/k0 is the unit vector in the

direction of observation. Assuming a TE-polarized incident
wave, this expression can be rewritten using the relationship
between the equivalent magnetic currents and the reflected
electric field, M = −n̂ × Es

TE , where n̂ is the unit vector
normal to the surface and Es

TE the TE-polarized reflected
electric field:

Fs(û) =
jk0η0
2π

∫∫
(û× (−n̂×Es

TE))e
jk0ρ̄·û dS. (2)

In Eq. (2), Es
TE can be expressed as a reflection coefficient

ΓTE multiplying the electric field Ei
TE of a TE-polarized

incident plane wave on the surface [8]: Es
TE = Ei

TEΓTE .
The incident electric field can be further expressed as: Ei

TE =

Ei
TEe

−j(ki
xx+ki

yy)(−ŷ) where Ei
TE is the amplitude of the

field and kix and kiy are the x and y components of the incident
wave vector. Expanding Eq. (2) yields the following closed-
form expression for the reflection from the grounded dielectric
substrate where the ground is assumed to be rectangular with
dimensions W × L:

Fs(û) =
−jk0η0

2π
cos θsEi

TEΓTE

W sinc
(
(kix − ksx)

W

2

)
Lsinc

(
(kiy − ksy)

L

2

)
, (3)

In this expression, θs is the angle of the scattering direction
such that cos θs = ksz/k0, ksx and ksy are the x and y
components of the scattered wave vector, and W and L are
the dimensions of the truncated RIS in the x and y directions,
respectively. In Equation (3), the effect of truncation is evident
through the appearance of factors that vary as cardinal sines,
while the influence of the substrate’s thickness and permittivity
is captured in the reflection coefficient.

The PO approximation is found acceptable because the
studied structure is invariant along horizontal coordinates and
large compared to the wavelength.

B. Metallization response
The response of the RIS metallization can be expressed as

the radiation of electric currents J induced on the metal by an
incident wave in the presence of the grounded substrate. These
currents can be computed using an in-house MoM solver [6].
Here, an expression of the radiated pattern, Fm, due to the
currents J, is developed. An expression equivalent to Eq. (2) is
obtained with Es

TE replaced by E(J), the electric field induced
by the MoM currents. This yields:

Fm(û) =
−jk0η0

2π
û× n̂× [G̃(ksx, k

s
y)J̃(k

s
x, k

s
y)] (4)

where G̃(ksx, k
s
y) is the Fourier transform of the dyadic layered

media Green’s function [8] and J̃(ksx, k
s
y) is the Fourier

transform of the MoM currents. Assuming once again a TE
configuration, the following holds:

G̃(ksx, k
s
y) = −η0(1 + ΓTE)

1

2 cos θi
. (5)

Moreover, the Fourier Transform of the currents can be
analytically calculated by: J̃(ksx, k

s
y) = J0W sinc((kix −

ksx)
W
2 )Lsinc((kiy − ksy)

L
2 ). Considering the specific case of

a finite metallic plate on a grounded substrate, the PO approx-
imation can be applied such that J0 ≈ 2Ei

TE cos θi/η0(−ŷ).
As a result, an approximate expression for Fm, after develop-
ment, is given by:

Fm(û) =
jk0η0
2π

cos θsEi
TE(1 + ΓTE)

W sinc
(
(kix − ksx)

W

2

)
L sinc

(
(kiy − ksy)

L

2

)
. (6)

This analytical form for a fully metallic plate is used in the
following section to validate the specular reflection model.

C. Full metallization validation

The proposed model is validated by considering a contin-
uous PEC (perfect electric conductor) metallization on top of
the grounded substrate. In this case, an analytical expression
for the total radiation, i.e., the sum of Fm and Fs, can be
derived.

This expression is straightforwardly obtained by assuming
total reflection on the PEC sheet, which translates into setting
ΓTE = −1 in Eq. (3):

Fpec(û) =
jk0η0
2π

cos θsEi
TE

W sinc
(
(kix − ksx)

W

2

)
Lsinc

(
(kiy − ksy)

L

2

)
. (7)

For the model to be correct, the equality Fm +Fs = Fpec

must hold. By factoring out the common terms, this relation
simplifies to:

(1 + ΓTE)− ΓTE = 1, (8)

which is trivially satisfied.
The accuracy of this relation can also be verified numerically.
A MoM code can be used to compute Fm, while the analytical
expressions are employed to calculate Fs and Fpec. Addition-
ally, the relation can be confirmed by using the MoM code to
directly compute Fpec for a PEC sheet of same dimensions
in free space, ensuring consistency between the analytical and
numerical results. Fig. 2 shows the comparison of the different
terms for a normally incident TE-polarized plane wave and
scattering in directions given by θs. It can be seen that the
sum of Fm and Fs closely approximates Fpec, particularly
at lower angles, where the amplitudes are nearly identical.
Also, while the MoM-computed Fpec slightly diverges from
the analytical result at higher angles, it retains a similar overall
shape. Additionally, the amplitude of Fs is nearly equal to
that of Fpec, which is consistent with the fact that the main
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difference is the use of a physical-optics approximation in the
case of Fs.

Fig. 2. Normalized amplitude of the patterns Fm, Fs, Fpec and Fs +Fm

- Fpec computed numerically (Fpec MoM) and analytically (Fpec PO)

III. METHOD OF MOMENTS FORMULATION FOR A RIS
MADE OF PRINTED PARALLEL STRIPS

The MoM model is developed for printed parallel strips
positioned on a grounded substrate, as shown in Fig. 3. A
Cartesian system of coordinates is defined such that the strips
are infinite along the ŷ-axis, while their width Wb lies along
the x̂-axis.

Fig. 3. Schematic illustration of the RIS configuration considered to develop
the MoM model

The MoM formulation is obtained by applying Galerkin
testing to the equation imposing zero total electric field on
the conductors:∫

Eexc
TEJ∗

t dx+

∫
E(J)J∗

t dx = 0 (9)

where Eexc
TE is the excitation field of the MoM given by (1 +

ΓTE)E
i
TE and J∗

t is the complex conjugate of the testing
function.

The excitation vector of the MoM, V, arises from the first
term by considering an incident TE plane wave, with phase
dependence only along the x direction. This yields:

−V = (1 + ΓTE)E
i
TE e−jkxxi,m wi sinc

(
−kx

wi

2

)
(10)

where xi,m and wi are the position of the center and the width
of the i-th testing function.

The interaction term of the MoM, Z, is derived from the
second term in Eq. (9) and can be derived using the Fourier
transform G̃ of the Green’s function:

Z =
1

2π
wiwj

∫
kx

G̃(kx) sinc
(
−kx

wi

2

)
sinc

(
kx

wj

2

)
·

e−jkx(xi,m−xj,m) dkx (11)

where xj,m and wj are the position of the center and the
width of the j-th testing function. The domain of integration
along kx is strongly limited thanks to the extraction of an
average-medium solution [9], for which the Green’s function
is known in space domain as H(2)

0 (ka R)/(4j) where H
(2)
0 (x)

is the Hankel function of zero order and type 2 and ka is the
wavenumber in the medium of average permittivity between
air and dielectric slab. For very small distances between
basis and testing functions, the logarithmic singularity of that
function is itself extracted and integrated analytically.

Additionally, using Eq. (5), the factors applied to obtain
the radiation pattern can be linked to those of the excitation
vector in Eq. (10), up to a constant factor of −jk0η0/4π.
This relation allows for the definition of a matrix Ω, which
has as many rows as strips and whose columns correspond
to the excitation vector for each considered angle. Using this,
the following equation can be formulated to give the bi-static
pattern F

RIS
(θi, θs):

F
RIS

(θi, θs) =
−jk0η0

4π
ΩTZ−1Ω (12)

where the superscript T denotes transposition.

IV. VALIDATION

The MoM formulation introduced in Section III is validated
using an in-house 3D MoM solver. To do so, currents are com-
puted both with a code implementing the proposed formulation
and with the in-house solver for a structure composed of 15
strips, each with a width of λ/6, arranged consecutively on a
grounded dielectric slab of size λ/15 and relative permittivity
ϵr = 2.5 at a frequency of 5.8GHz. For the 3D MoM solver,
the strips are truncated to a length of 10λ, creating a finite
structure in two dimensions. The excitation used to compute
these currents is a TE plane wave with a positive 45◦ incidence
angle. The patterns computed using these current are shown
in Fig.4.

As seen in the figure, the two patterns exhibit the same
overall shape and oscillations. The larger amplitude of the
pattern computed from the structure finite in both directions
can be attributed to the truncation along the y direction, which
induces strong resonances in the strip currents, resulting in
higher current amplitudes.

An example of anomalous reflection is shown in Fig. 5,
obtained using both the 1D MoM formulation presented in
Section III and the in-house 3D MoM solver. The structure
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Fig. 4. Radiation patterns computed from 1D MoM currents and 2D MoM
currents

consists of 15 strips separated by 0.75λ, and is excited by
a TE plane wave incident at an angle of 45◦. The patterns
exhibit the expected specular reflection at −45◦ as well as a
high amplitude corresponding to an anomalous reflection at
29◦. Once again, the results from both solvers show similar
overall shapes, with the finite structure producing a larger
amplitude, likely due to strong resonances in the strip currents.
It is worth noting that the simulation time for this structure
using the proposed 1D MoM formulation is 0.167 seconds on
a conventional desktop computer.

Fig. 5. Anomalous reflection at 29◦ for an incoming wave at 45◦

V. CONCLUSION

A methodology was introduced for accounting for specular
reflection in truncated RISs; the response of the finite grounded
slab is computed based on a Physical Optical approach. This
method was validated both analytically and numerically by
considering a finite metal plate on a grounded dielectric

substrate. Additionally, an analysis method for RIS composed
of strips, infinite in one direction, was presented. This for-
mulation was validated through numerical comparison with
a structure finite in both dimensions, simulated using an in-
house 3D MoM solver.
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