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Summary
Geometrical acoustics models are currently the most popular prediction tools in room-acoustics due to their
low computing load. However, they seldom take into account the diffraction occurring at free edges. Moreover,
the existing diffraction models implemented in geometrical acoustics algorithms are either limited to specularly
reflected paths or either present excessive computation load. Recently, a diffraction model based on an approxi-
mation of the far-field direction of the Poynting’s vector around half-planes has been introduced for computing
the scattering due to faceted dielectric objects. In this article, this model is developed to handle obliquely incident
waves and is implemented within an acoustic ray-tracing software using the analogy between the Poynting’s and
the acoustic intensity vectors. The proposed model can handle both diffuse and specular reflections and sets no
limit in terms of reflection or diffraction order. The first results obtained by ray-tracing agree well with the uni-
form theory of diffraction and the boundary elements method for single and double diffraction problems even if
the interference effects are neglected and as long as the number of emitted rays is sufficient. Moreover, the addi-
tional computation load to handle diffraction is shown to be low compared to the one from a classical ray-tracing
algorithm.

PACS no. 43.20.Dk, 43.20.El, 43.28.Js, 43.55.Br, 43.55.Ka, 43.58.Ta

1. Introduction

In geometrical acoustics, the wavelength of the sound
waves is assumed to be negligible in comparison to the
characteristic size of the obstacles and the phase informa-
tion of the waves is usually neglected [1, 2]. One of the
geometrical acoustic models is the ray-tracing algorithm
that models the propagation of sound waves as rays carry-
ing only acoustic power [1]. The ray-tracing algorithm is
very popular in room-acoustics due to their relatively low
computation time compared to the more computationally
intensive methods solving the wave equation. Computa-
tion time is particularly important for (real-time) auraliza-
tions [3, 4] since these techniques require the calculation
of room impulse responses.

However, the geometrical acoustics models are often
limited due to their inability to handle edge diffraction ef-
fects [5, 6]. In fact, they assume that energy travels along
straight lines (in homogeneous propagation media). To
handle edge diffraction, two models based on the wave the-
ory are particularly popular in geometrical acoustics: the
uniform theory of diffraction (UTD) [7, 8] and the Biot-
Tolstoy-Medwin model (BTM) [9, 10, 11].

The UTD [7, 8] is an asymptotic expansion (high fre-
quency assumption) of the exact expression of the diffrac-
tion of a wave by a wedge of arbitrary angle and provides
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a continuous and bounded diffracted field.. An expression
of the sound field around the edge is obtained in the fre-
quency domain. Due to the low cost of the evaluation of
the diffracted field, this model has found several applica-
tions in room acoustics [12, 13, 14, 15]. On the other hand,
the BTM is an exact expression of the sound field around
a finite edge in the time domain for arbitrary locations of
the sound source and the receiver. It has also been applied
in room acoustics [16, 17]. Compared to the UTD, the
BTM leads to more accurate results, but with an increase
of the computation time, even if more computationally ef-
ficient solutions have been developed [18, 19, 20, 21]. In
the case of an infinite diffracting wedge, both methods give
the same results [22].

One of the major problems to apply these coherent
diffraction models to geometrical acoustics algorithms is
the search for all the diffracted paths. If specular re-
flections are considered, images of the diffracting edges
onto the room’s surfaces can be recursively constructed
[6, 16, 23] similarly to the classical source image method
[24, 25]. As a consequence, the same accelerating tech-
niques as those used in the classical source image method
can be applied, such as binary space partitioning [17, 26].
However, each diffracting edge becomes a primary source
in this method and the number of images to evaluate
grows exponentially with the order of reflection, restrict-
ing the practical application to low reflection orders. An-
other method consists in the detection of propagation paths
including the specular reflections and the diffracted paths,

260 © S. Hirzel Verlag · EAA

Document downloaded by  @DAEL, 2026-05-31 16:13:53 - personal use only



Billon, Embrechts: Diffraction model for ray-tracing ACTA ACUSTICA UNITED WITH ACUSTICA
Vol. 99 (2013)

	r

θ

	e
I

E

α

	z

	x

	s
φ

	y

Figure 1. Plane wave incident over a half-plane. �r is the incident
wave vector and �s the deflected one. �e is the edge line direction.
�IE is the shortest distance between the intersection point I on the

edge. In this particular example, �e is collinear to �y and �IE to �z.
α is the incidence angle (comprised between 0 and π) in respect
to the half-plane and θ is the incidence angle (defined between 0
and π/2) in respect to the edge line. φ is the deflection angle of
the ray into the plane expanded by �r and �IE and is its value is
negative when directed into the shadow zone.

by tracing from the sound source beams [12, 13, 27] or
frustrums [14, 15]. Once discovered, these paths, passing
exactly at the edge of the diffracting wedges, are used to
propagate the energy from the source to the receiver.

In all coherent methods, the diffracted paths are only
associated with specular reflections. The contributions of
diffuse reflections are totally neglected. On the other hand,
the ray-tracing method [28, 29] can take into account dif-
fuse reflections [1, 30, 31]. In this case, the problem is that
the probability for a sound ray to intersect a diffracting
edge is extremely weak (theoretically 0). The detection of
the diffracting edge therefore implies the definition of vir-
tual surfaces extending them in space such as they become
visible by the propagating sound rays [32, 33, 34, 35].
So, these algorithms imply the development of incoherent,
energy-based, diffraction models.

In Ref. [32], the sound rays crossing the virtual surface
are then redirected randomly. This model obtains good
agreement with measurements with a limited computation
load but its physical basis seem dubious. The three other
models [33, 34, 35] are more computationally demanding.
Each ray detecting the diffracting edge results in the emis-
sion of several tens of diffracted rays according to some
defined directivity patterns. In the first model [33], the en-
ergy carried by the diffracted rays is evaluated using the
Keller’s geometrical theory of diffraction [36] which is
based on the same assumptions as the UTD. The direc-
tivity pattern is derived from the uncertainty relation for
the second model [34] and from a shifted screen model for
the third one [35].

Recently, Hesse and Ulanowski [37] have introduced a
diffraction model based on the direction of the energy flow
lines [38] behind an infinite half-plane to evaluate the light
scattering created by ice crystals. In this model, the rays
are deflected in the shadow zone depending on the dis-
tance between the ray and the edge, similarly to Refs. [34]

and [35] . However, the rays are not split up and the num-
ber of traced rays remains constant along a simulation.
The deflection angle is based on an approximation of the
time-averaged Poynting’s vector[39, 38] direction in the
far field. For perpendicular incident waves, the analytically
evaluated angular energy density was in good agreement
with the one obtained from the rigorous Sommerfeld’s so-
lution [38] in the far field.

In this paper, the Hesse and Ulanowski’s model is ex-
tended to oblique incidence and then implemented in an
acoustic ray-tracing software in section 2. The ray-tracing
results are compared to the one obtained using the UTD
in section 3 with a particular emphasis on the sampling
issue. The additional computation load due to the diffrac-
tion model is investigated in section 4. An application to
a Y-shaped barrier, presenting a double diffraction phe-
nomenon, is presented in section 5.

2. Energy flow lines diffraction model

2.1. Deflection angle

The problem under consideration is the diffraction of plane
waves by a half-plane. Let’s define θ the angle between the
incoming wave vector and the diffracting edge (Figure 1),

cos θ =
�r · �e

|�r| × |�e| , (1)

where �r is the ray direction and �e the edge direction whose
orientation is chosen so that 0 < θ ≤ π/2. In this sec-
tion, the waves propagate in a plane perpendicular to the
edge. θ is then equal to π/2 and the problem has an exact
solution [38, 39].

Let’s now define the angle α between the incoming
waves and the half-plane such as (Figure 1)

cos α = − �r · �IE

|�r| × | �IE|
, (2)

where I is the intersection point between the ray and the
transparent plane including the half-plane and E the pro-
jection of I on the edge. For waves incident perpendicu-
larly to the half-plane (α = π/2), Hesse and Ulanowski
[37] proposed an empirical expression of the far field de-
flection angle of the energy flow lines given through the
direction of the time-averaged Poynting’s vector [38] be-
hind the half-plane,

φ(d) = − arctan
λ

4π2d
, (3)

where d = | �IE| is the distance between the passing plane
wave and the diffracting edge and λ is the wavelength.
This empirical relation is evaluated by matching the di-
rection of the flow lines obtained by numerically solving
the Maxwell’s equation for the same problem [37]. In this
problem, the edge is assumed to be infinite and that both
the source and the receptor are located far enough from
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Figure 2. (a) Oblique incidence rays for α < π/2 with the rays
having the greater deflection angle φmax = −π/2 evaluated using
equation (4). (b) Oblique incidence ray for α > π/2 with the
rays having the greater deflection angle φmax = −π/2 evaluated
using equation (4).
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Figure 3. Evolution of the deflection angle -φ(d) obtained us-
ing equation (5) as a function of the edge-ray distance d/λ for
an incidence angle α=π/4 (thin line), π/2 (bold line) and 3π/4
(dashed line). For α=π/2 (bold line), equation (5) is equivalent
to equation (3).

the half-plane. These assumptions are also made in the ge-
ometrical theory of diffraction [36] or the uniform theory
of diffraction [7, 8]. In acoustics, the Poynting’s vector can
be interpreted as the acoustic intensity vector [40] and the
link with the acoustic ray-tracing algorithm is therefore
straightforward.

Equation (3) is very intuitive both in geometrical op-
tics [38] and in acoustics [40]: the closer of the diffract-
ing edge the rays travel, the greater their deflection angle
(Figure 3 for α = π/2). Moreover, a good agreement with
the Sommerfeld’s solution [38] can be obtained in the far
field [37]. The proposed concept deals only with energetic
quantity and cannot thus predict the phase jump occurring
at the edge. On the other hand, the predicted field is con-
tinuous at the shadow boundary.

For oblique incident waves (α �= π/2 whereas θ = π/2,
the propagation still occurring in a plane perpendicular to

	z
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	s+

	s−

	y

I

Figure 4. Notations of the diffraction cone (medium gray, apex in
I , aperture 2θ and direction �e) and the deflection cone (light gray,
apex in I , aperture 2φ and direction �r). �s+ and �s− represent the
two possible directions of the diffracted ray �s. In this particular
example, θ is equal to π/3, φ = π/6 and �e = [1/

√
2; 0; 1/

√
2].

the edge), the following expression can be obtained [41]:

φ(d) = − arctan
λ

4π2d sin α
. (4)

However, the maximum of the deflection angle φmax

reaches −π/2 as d approaches 0 which can create some
artifacts in the obtained diffracted field. If α < π/2, the
zone defined between φ = −π/2 and α − π cannot be
reached by the diffracted waves and the energy field in
the shadow zone becomes discontinuous (Figure 2a). Sim-
ilarly, if α > π/2, the plane waves can be redirected in the
lighted zone as if the waves were reflected by the diffract-
ing edge (Figure 2b). So, the deflection angle must be
bound by π − α and a correction factor is added to equa-
tion (4), such as

φ(d) = −2
π − α

π
arctan

λ

4π2d sin α
. (5)

Figure 3 presents the obtained deflection angle computed
with equation (5) as function of the edge-ray distance
for an incidence angle α=π/4, π/2 and 3π/4. It should
be noted that for α=π/2, equation (5) can be reduced
to equation (3). For α = π/4, the obtained diffraction
angles cover the entirety of the shadow zone. The pre-
dicted deflected waves are thus spread on a wider angle
(φmax = −3π/4) compared to the perpendicular incident
configuration (φmax = −π/2). On the other hand, for
α = 3π/4, these deflected waves are squeezed on a nar-
rower angle (φmax = −π/4).

2.2. Rays in a plane oblique to the edge

When the ray lies in a plane oblique to the edge (θ �= π/2),
the diffracted ray must propagate along the diffraction
cone [36]. This cone is oriented along the edge and its
aperture angle is equal to 2θ. Moreover, the diffracted ray
must also lie on the deflection cone oriented along �r and
having a 2φ aperture (Figure 4). In fact, for obliquely in-
cident rays, equation (5) define a solid angle and creates
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also a cone. So, the diffracted ray direction �s must satisfy
the following conditions:��

cosφ = �s·�r
|�s|×|�r| ,

cos θ = �s·�e
|�s|×|�e| ,

|�s| = 1.

(6)

In the considered configuration, the intersection of these
two cones having the same apex creates two lines. In the
Cartesian coordinate system �e1, �e2, �e3 linked to the diffrac-
tion cone which is oriented following the edge-line (the
edge direction defining �e3 in this coordinate system), the
direction vectors of these lines can be evaluated by

S±
1 = ±

�
1 − (S±

2 )2 − (S±
3 )2,

S±
2 = −cosφ − cos2 θ

sin θ
,

S±
3 = cos θ.

(7)

Now, this solution must express within the coordinate sys-
tem �x, �y, �z in which the geometry of the problem is de-
scribed in the ray-tracing algorithm (it should be noted
that �x, �y, �z are independent of the screen direction). So,
this solution must be rotated twice following the angles
ψ and ω defined depending on the edge line direction
�e = [xe; ye; ze],

tanψ =
ye
xe

,

tanω =

�
x2
e + y2

e

ze
.

(8)

The solutions of this problem become then

xs± = cosω(S±
1 cosψ + S±

3 sinψ) − S±
2 sinω,

ys± = sinω(S±
1 cosψ + S±

3 sinψ) + S±
2 cosω,

zs± = −S±
1 sinψ + S±

3 cosψ,

(9)

where xs, ys and the zs defined component of the two pos-
sible directions of the defected ray. One of these lines is di-
rected over the shadow zone and is then not valid. To iden-
tify the valid direction, �u = �s− − �s+ is evaluated and com-
pared to the direction of �IE which points at the shadow
zone. If �u · �IE ≥ 0, the direction �s is then equal to �s+
else �s = �s−. When the ray is perpendicular to the edge
(θ = π/2), the diffraction cone becomes a disc and the de-
flected ray can simply be viewed as rotated around �e about
an angle φ.

2.3. Numerical implementation

To detect the possible deflected rays, each diffracting
half-plane is topped by a virtual surface, similarly to
Refs. [33, 34, 35]. These virtual surfaces are defined by
the user and extend the considered half-plane in the same
direction. When the surface intersected by a sound ray is
a virtual surface, this ray is deflected according to equa-
tion (5). There is no splitting up of the ray. The diffraction

(a)

(b)

20m
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1m1.5m

5m
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8m

	z
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	y

C1
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Figure 5. (a) Cross-section of the studied configuration and
(b) top-view of the studied configuration. (•) Source location,
(dashed line) locations of the sound receivers. The dotted line
indicates the location of the virtual surface.

algorithm can be viewed merely as a kind of specific re-
flection law. After its deflection, the ray-tracing algorithm
is continued as usual [29]. During their travel, the rays can
be thus subjected to an unlimited number of reflections
or diffractions. Moreover, the reflections can be diffuse or
specular and can occur before or after the possible diffrac-
tions.

The main cost of the proposed diffraction concept is
to add some virtual surfaces that increase the number of
tested surfaces during the intersection test. On the other
hand, the diffraction model remains independent of the
chosen intersection algorithm and benefits of each of its
improvement.

The ray-tracing algorithm is known to be prone to sam-
pling issues [42]: the number of emitted rays is limited
and some important propagation paths can be missed.
The point is even more crucial in the proposed diffraction
model. Figure 3 shows that the deflection occurs mainly
within the first wavelength over the diffracting edge. So, if
the number of rays crossing the detection zone is too low,
the shadow zone will be only loosely covered and some
discontinuities may appear in the resulting diffracted field
as it will be showed in the following section.

3. Numerical validations for a half-plane

In this section, the ray-tracing results are compared with
those obtained using the UTD. The studied configuration
is a half-plane equivalent to a sound barrier and is pre-
sented in Figure 5. The sound source is an omnidirectional
point source with a sound power level of 100 dB and three
frequencies (125, 500 and 2000 Hz) are considered. The
sound pressure level (SPL) is first computed behind the
half-plane along two lines following the x axis: the line
C1 is located 1m below the diffracting edge and the line
C2 2m below (Figure 5a). A third computation line noted
down T1 is parallel to the half-plane, following the y axis
(Figure 5b). For the ray-tracing simulations, 107 rays are
emitted. The receivers are spherical with 0.5 m diameter
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Figure 6. Evolution of the sound pressure level (SPL) along C1
at (a) 125 Hz, (b) 500 Hz and (c) 2000 Hz: (•) uniform theory
of diffraction, (thick line) ray-tracing with 107 rays and (dashed
line) 108.
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Figure 7. Evolution of the sound pressure level (SPL) along C2
at (a) 125 Hz, (b) 500 Hz and (c) 2000 Hz: (•) uniform theory
of diffraction, (thick line) ray-tracing with 107 rays and (dashed
line) 108.

and located every 2 m along C1 and C2 and every meter
along T1. This numerical parameters are set arbitrarily to
ensure that at least one ray reaches the sound receivers as
it will checked in the following. The computation time is
about 60 s on a computer fitted with a 2.4 G Hz Pentium 4
with 2 GB of RAM.

The ray tracing’s results are in a good agreement with
those obtained with the UTD along C1, C2 and T1. The
mean discrepancy is less than 2 dB (Figures 6–8). The pro-
posed diffraction model tends to slightly underestimate the
sound pressure level compared to the UTD. This underes-
timation is partly due to the empirical expression of equa-
tion (5) and partly to the sampling issue associated with
the ray-tracing algorithm. The deviation is thus greater
closer to the half-plane and deeper in the shadow zone.
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Figure 8. Evolution of the sound pressure level (SPL) along T1
at (a) 125 Hz, (b) 500 Hz and (c) 2000 Hz: (•) uniform theory
of diffraction, (thick line) ray-tracing with 107 rays and (dashed
line) 108.

Table I. Mean (Erm) and maximal (ErM ) discrepancies between
the ray-tracing using 107 rays and the uniform theory of diffrac-
tion results for C1, C2 and T1. All values in dB.

C1 C2 T1
Hz Erm ErM Erm ErM Erm ErM

125 0.6 1.3 0.7 1.5 0.7 1.2
500 0.8 1.5 1.3 2.5 1.0 1.7
2000 1.0 1.6 1.6 4.1 0.7 2.4

This corresponds to the greatest deflection angles which
are associated with passing distances shorter than 0.1λ
(Figure 3). Moreover, both the mean Erm and the max-
imal ErM discrepancies between the ray-tracing and the
UTD increase with the frequency (Table I). This is also
linked to the decreasing size of the effective surface redi-
recting the rays with increasing frequency. If this surface is
limited to a height equal to 3λ and considering the sound
receiver diameter (0.5m), the effective solid angle start-
ing from the source is evaluated to 0.098 Sr at 125 Hz,
0.035 Sr at 500 Hz and 0.009 Sr at 2000 Hz. The number
of rays passing through the effective diffracting surface
can be then estimated to about 78.103 at 125 Hz, 28.103

at 500 Hz and 7.103 at 2000 Hz. This decreasing number
of redirected rays hitting the sound receivers (Figure 9)
can explain the under-sampling and the increased errors at
high frequencies.

Increasing the number of emitted rays from 107 to 108

(and similarly increasing the computation time by a factor
10 and is equal to about 600s) has a marginal effect on the
results obtained along C1 (Figure 6) at every frequency
and along C2 (Figure 7) at 125 Hz (Table II). In this case,
the main source of discrepancy is due to the modeling of
diffraction. On the other hand, the discrepancies along C2
are effectively reduced at 500 Hz and 2000 Hz and also at
2000 Hz for the results along T1.
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Figure 9. Evolution of the number of rays crossing the spherical
sound receivers along the section C2: (thick line) 125 Hz, (thin
line) 500 Hz and (dashed line) 2000 Hz.

Table II. Mean (Erm) and maximal (ErM ) discrepancies between
the ray-tracing using 108 rays and the uniform theory of diffrac-
tion results for C1, C2 and T1. All values in dB.

C1 C2 T1
Erm ErM Erm ErM Erm ErM

125 0.4 1.2 0.9 1.6 0.6 0.7
500 0.9 1.6 1.1 1.7 1.0 1.1
2000 0.9 1.6 0.9 2.4 0.9 1.4

4. Computation time

The following test has been carried out to estimate the
extra-computing time resulting from the application of the
diffraction model in a ray-tracing algorithm. An enclosure
is fitted with a varying number of diffracting edges. The
sound source is located at one room’s corner and a sound
receiver at the opposite one. A reference room contains
38 surfaces (without diffracting surface) and is used as a
reference simulation. Then, simulations with 1 to 32 addi-
tional virtual diffracting surfaces are proceeded. As a com-
parison, simulations are also performed where the diffract-
ing surfaces are replaced by classical surfaces, without
diffraction. The geometrical model comprises then 39 to
70 surfaces. The absorption coefficient is set to 0.1 and
the scattering coefficient to 0.5 for all the surfaces. These
parameters were arbitrarily set as likely room acoustic pa-
rameters and the evaluated additional computation time is
weakly affected by these parameters.

The first criterion investigated is ΔT0 the relative in-
crease of computation time with respect to the reference
simulation (38 surfaces without diffraction, Figure 10a).
The computation time with the diffraction model increases
linearly with the number of surfaces, as it is usual with ray-
tracing algorithms. Compared to the configurations with-
out diffraction model, the computation time increase ΔT0

is about 50% with the diffraction model.
The simulations with and without diffraction can also be

compared for the same number of surfaces through the cri-
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Figure 10. Evolution of the computation time as a function of
the number of added surfaces. (a) ΔT0 is evaluated in respect to
the reference simulation with 38 surfaces: (thick line) the added
surfaces are diffracting and (dashed line) the added surfaces are
not diffracting. (b) ΔT1 compares the simulations with diffraction
to the ones without diffraction for the same number of surfaces.

8m 20m

2m

2m
1m

S
0.5m 0.5m

R

Figure 11. Sketch of the simulated Y-shaped barrier. S indicates
the sound source location and R the sound receiver. The dotted
lines indicate the locations of the virtual surfaces.

terionΔT1 (Figure 10b). The increase of computation time
can roughly be estimated to around 1% when one classi-
cal surface is replaced by a diffracting surface. However,
it should pointed out that higher number of rays must be
emitted to keep the accuracy of the results at a reasonable
level.

5. Application to a Y-shaped sound barrier

In this section, an application to a double diffraction prob-
lem is presented. A Y-shaped barrier (Figure 11) is consid-
ered and comparison with numerical data obtained with
the boundary element method [43] is carried out for the
frequency range from 100 Hz to 1000 Hz. The ground and
the barrier are assumed perfectly rigid (without scatter-
ing and absorption). For the ray-tracing simulations, 107

rays are emitted and the sound receiver is a 0.5m diameter
sphere. In this configuration, there are two virtual surfaces
that extend each branch of the barrier.

Despite neglecting the interference effects, the ray-
tracing is globally in good agreement with the reference
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Figure 12. Insertion loss at the receiver as a function of the
frequency: (thick line) numerical data [43], (dashed line) ray-
tracing results.

data (Figure 12). It tends to overestimate the insertion loss
below 300 Hz and cannot predict an insertion loss peak
occurring at 400 Hz. In fact, this peak must be due to in-
terference effects which are not taken into account by the
proposed model. On the other hand, the agreement is very
good above 500 Hz.

6. Conclusion

The ray-tracing method is a geometrical acoustics model
approximating the propagation of sound waves by rays
carrying only energy information. This obtained mode is
very popular in room acoustics and auralization due to its
low computation load. However, diffraction effects is sel-
dom modeled, restricting its application.

In this paper, a diffraction model developed to predict
the scattering of light by ice crystals is adapted to an
acoustic ray-tracing software. To simulate diffraction by
half-planes, the rays passing in the vicinity of the diffract-
ing edges are deflected in the shadow zone depending on
the ray-edge distance and on the frequency. The deflection
law is based on an approximation of the far field direc-
tion of the time-averaged Poynting’s vector. This model
assumes that the edge is infinite and that the source and
the receiver are far enough from the diffracting edge. This
model is here extended to obliquely incident rays and com-
pared to the uniform theory of diffraction for a half-plane.

The obtained results agree well for the tested configu-
rations, with mean discrepancies lower than 2 dB. These
discrepancies are due to the approximated deflection law,
on the one hand, and to sampling issues, on the other hand.
In fact, the deflection of the rays occurs mainly within
the first wavelength over the half-plane. In this deflecting
zone, the number of rays must be great enough to com-
pletely cover the shadow zone, without discontinuities. So,
the obtained predictions are more reliable at lower fre-
quencies for a given number of rays.

In addition, a configuration composed of a Y-shaped
barrier on a rigid flat ground was also investigated, this
geometry presenting a double diffraction phenomenon.
Despite neglecting the interference effects, a fair agree-
ment is found between ray-tracing and boundary elements
method results for frequencies ranging between 100 Hz
and 1000 Hz.

Concerning the computation time, the proposed model
shows to be very efficient. The computation time grows
linearly with the number of diffracting edges and increases
by an amount of 1% by added diffracting edge compared to
classical non-diffracting surfaces. Moreover, the proposed
model is only a variation of the ray-tracing algorithm and
it is therefore compatible with most of ray-tracing acceler-
ating techniques.

Further work must be done to improve the presented
diffraction algorithm and extend it to deal with wedges of
arbitrary angle and slits.
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