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RECOMMENDATION ITU-R P.526-5

PROPAGATION BY DIFFRACTION
(Question ITU-R 202/3)
(1978-1982-1992-1994-1995-1997)

The ITU Radiocommunication Assembly,

considering
a) that there is a need to provide engineering information for the calculation of field strengths over diffraction
paths,

recommends
1 that the methods described in Annex 1 be used for the calculation of field strengths over diffraction paths,

which may include a spherical Earth surface, or irregular terrain with different kinds of obstacles.

ANNEX 1

1 Introduction

Although diffraction is produced only by the surface of the ground or other obstacles, account must be taken of the mean
atmospheric refraction on the transmission path to evaluate the geometrical parameters situated in the vertical plane of
the path (angle of diffraction, radius of curvature, height of obstacle). For this purpose, the path profile has to be traced
with the appropriate equivalent Earth radius (Recommendation ITU-R P.834). If no other information is available, an
equivalent Earth radius of 8500 km may be taken as a basis.

2 Fresnel ellipsoids and Fresnel zones

In studying radiowave propagation between two points A and B, the intervening space can be subdivided by a family of
ellipsoids, known as Fresnel ellipsoids, al having their focal points at A and B such that any point M on one elipsoid
satisfies the relation:

A
AM + MB = AB + n3 1)

where n is a whole number characterizing the ellipsoid and n = 1 corresponds to the first Fresnel ellipsoid, etc., and A is
the wavelength.

Asapractical rule, propagation is assumed to occur in line-of-sight, i.e. with negligible diffraction phenomena if thereis
no obstacle within the first Fresnel ellipsoid.

Theradius of an ellipsoid at a point between the transmitter and the receiver is given by the following formula:
@n Adpdo %ﬂ
Rn - dl + d2 (2)
or, in practical units;

ndy do 2
o= 50 fig et @

where f is the frequency (MHz) and d; and d, are the distances (km) between transmitter and receiver at the point where
the ellipsoid radius (m) is cal culated.
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Some problems require consideration of Fresnel zones which are the zones obtained by taking the intersection of a
family of élipsoids by a plane. The zone of order n is the part between the curves obtained from ellipsoidsnand n— 1,
respectively.

3 Diffraction over a spherical Earth

The additional transmission loss due to diffraction over a spherical Earth can be computed by the classical residue series
formula (Recommendation ITU-R P.368). At long distances over the horizon, only the first term of this series is
important. This first term can be written as the product of a distance Feramd two height gain term&r andGg.

These terms can be obtained either from simple formulae or from nomograms.

31 Numerical calculation

311 Influence of the electrical characteristics of the surface of the Earth

The extent to which the electrical characteristics of the surface of the Earth influence the diffraction loss can be
determined by calculating a normalized factor for surface admittingéven by the formulae:

in self-consistent units:

Ttae [11/3 1/4
Ky = ﬁ%g He - 12 + (60A 0)2H @)
for horizontal polarization and:
12
Ky = Kn 2 + (60 c;)ZEr (5)
for vertical polarization;
or, in practical units:
0 /A
Ky = 0.36 (ae f)-1/3 D(s — 1F¢ + (18 0000 / )2 N (49)
12
Ky = Ky P2 + 180000 /12 (52)

where:
ae: effective radius of the Earth (km)
€. effectiverelative permittivity
o: effective conductivity (S/m)
f: frequency (MH2z).
Typica values of K are shown in Fig. 1.

If K islessthan 0.001, the electrical characteristics of the Earth are not important. For values of K greater than 0.001, the
appropriate formulae given below should be used.

312 Diffraction field strength formulae

The diffraction field strength, E, relative to the free-space field strength, Eg, is given by the formula:
E
201og Eo = F(X) + G(Y1) + G(Y2) daB (6)

where X is the normalized length of the path between the antennas at normalized heights Y, and Y, (and where 20 log EE
isgenerally negative). 0
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FIGURE 1
Calculation of K
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or, in practical units;
X =223 fU3 a523 d (7a)
Y =96 x 103p {213 ag13h (8a)
where;
d: pathlength (km)
ae: equivalent Earth’s radius (km)
h: antenna height (m)
f: frequency (MHz).

B is a parameter allowing for the type of ground and for polarization. It is relatédyahe following semi-empirical
formula:

1+ 16K2+ 075K 9
T 1+ 45K2 + 1.35K4 ©)

For horizontal polarization at all frequencies, and for vertical polarization above 20 MHz over land or 300 MHz over
sea3 may be taken as equal to 1.

For vertical polarization below 20 MHz over land or 300 MHz over Bemust be calculated as a functionkof
However, it is then possible to disregardnd write:

o
K2 = 6.89 W73 {53 (9a)

whereaq is expressed in S/Mm(MHz) andk is the multiplying factor of the Earth’s radius.
The distance term is given by the formula:
F(X) = 11 + 10log (X) — 17.6X (20)
The height gain term, G(Y) is given by the following formulae:
G(YY) 0176 — 1.1V2 — 5log¥ — 1.1) — 8 for Y > 2 (11)

For Y < 2 the value of G(Y) isafunction of the value of K computed in § 3.1.1:

G(Y) 020log (Y + 0.1Y3) for 10K < Y <2 (11a)

G(Y) 02 + 20logK + 9log (Y/K) [log (Y/K) + 1] forK/10 < Y < 10K (11b)

G(Y) 02 + 20log K for Y < K/10 (11c)
3.2 Calculation by nomograms

Under the same approximation condition (the first term of the residue series is dominant), the calculation may also be
made using the following formula:

E
20log Eo - F(d) + H(hy) + H(hy) dB (12
where:
E: received field strength
Eg: field strength in free space at the same distance
d: distance between the extremities of the path

h; andh,: heights of the antennas above the spherical Earth.
The function F (influence of the distance) and H (height-gain) are given by the nomograms in Figs. 2, 3, 4 and 5.

These nomograms (Figs. 2 to 5) give directly the received level relative to free spdce,ifandk = 4/3, and for
frequencies greater than approximately 30 MMKzs the effective Earth radius factor, defined in Recommenda-
tion ITU-R P.310. However, the received level for other valudsméy be calculated by using the frequency scale for
k =1, but replacing the frequency in question by a hypothetical frequency eduk? for Figs. 2 and 4 antf vk for
Figs. 3 and 5.
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Very close to the ground the field strength is practically independent of the height. This phenomenon is particularly
important for vertical polarization over the sea. For this reason Fig. 5 includes a heavy black vertical line AB. If the
straight line should intersect this heavy line AB, the real height should be replaced by alarger value, so that the straight
line just touches the top of the limit line at A.

NOTE 1 — Attenuation relative to free space is given by the negative of the values given by equation (12). If
equation (12) gives a value above the free-space field, the method is invalid.

FIGURE 2
Diffraction by a spherical Earth — effect of distance
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FIGURE 3
Diffraction by a spherical Earth — height-gain
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FIGURE 4

Diffraction by a spherical Earth — effect of distance
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Diffraction by a spherical Earth — height-gain
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FIGURE 5
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4 Diffraction over obstaclesand irregular terrain

Many propagation paths encounter one obstacle or several separate obstacles and it is useful to estimate the losses
caused by such obstacles. To make such calculations it is necessary to idealize the form of the obstacles, either assuming
a knife-edge of negligible thickness or a thick smooth obstacle with a well-defined radius of curvature at the top. Real
obstacles have, of course, more complex forms, so that the indications provided in this Recommendation should be
regarded only as an approximation.

In those cases where the direct path between the terminals is much shorter than the diffraction path, it is necessary to
calculate the additional transmission loss due to the longer path.

The data given below apply when the wavelength is fairly small in relation to the size of the obstacles, i.e., mainly
to VHF and shorter waves (f > 30 MHz).

4.1 Single knife-edge obstacle

In this extremely idealized case (Figs. 6a) and 6b)), all the geometrical parameters are combined together in a single
dimensionless parameter normally denoted by v which may assume a variety of equivalent forms according to the
geometrical parameters selected:

201 10
V—h )\ Dd]_+d2|:] (13)

(14)

2h0 .
vV = N (v hasthe sign of h.and 6) (15)
2d .
vV = By Oaq oz (v hasthe sign of a1 and ay) (16)
where:

h: height of the top of the obstacle above the straight line joining the two ends of the path. If the height is
below thisline, hisnegative

dianddy: distances of the two ends of the path from the top of the obstacle
d: length of the path

0: angle of diffraction (rad); its sign is the same as that of h. The angle 0 is assumed to be less than
about 0.2 rad, or roughly 12°

oqanday: angles between the top of the obstacle and one end as seen from the other end. a; and a5 are of the
sign of hin the above equations.

NOTE 1 - In equations (13) to (16) inclusited, dy, d» andA should be in self-consistent units.

Figure 7 gives, as a function of the loss (dB) caused by the presence of the obstaclex §aater than 6.7 an
approximate value can be obtained from the expression:

Jv) = 69 + 20logR/(v - 017 + 1+ v - 0.H dB (17)

4.2 Finite-width screen

Interference suppression for areceiving site (e.g. a small earth station) may be obtained by an artificial screen of finite
width transverse to the direction of propagation. For this case the field in the shadow of the screen may be calculated by
considering three knife-edges, i.e. the top and the two sides of the screen. Constructive and destructive interference of
the three independent contributions will result in rapid fluctuations of the field strength over distances of the order of a
wavelength. The following simplified model provides estimates for the average and minimum diffraction loss as a
function of location. It consists of adding the amplitudes of the individual contributions for an estimate of the minimum
diffraction loss and a power addition to obtain an estimate of the average diffraction loss. The model has been tested
against accurate cal culations using the Uniform Theory of Diffraction (UTD) and high-precision measurements.
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FIGURE 6
Geometrical el ements

(For definitions of 6, a4, a5, d, d;, d, and R, see § 4.1 and 4.3)
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FIGURE 7
Knife-edge diffraction loss

o NN\ ,/\ AN

10

: \

14

16
\
18 \

20 \

22 AN

J) (dB)

24

0526-07

Sep 1: Calculate the geometrical parameter v for each of the three knife-edges (top, |eft side and right side) using any of
equations (13) to (16).

Step 2: Calculate the loss factor j (v) = 109 (V)20 gssociated with each edge from equation (17).

Sep 3: Calculate minimum diffraction 10ss Jy, from:

_ _ nl 1 1O
Imin (V) = ~201090 ) * 1200 * JaW)H a8 (18)
or, aternatively,
Sep 4: Calculate average diffraction loss J,, from:
Jay (V) = —10 logHt— + =% 10 dB (19)

2 EYNRET AN
1v) 5(v) (v
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4.3 Single rounded obstacle

The geometry of a rounded obstacle of radius R is illustrated in Fig. 6 c). Note that the distances d; and dy, and the
height h above the baseline, are al measured to the vertex where the projected rays intersect above the obstacle. The
diffraction loss for this geometry may be calculated as:

A = JVv) + T(mn) dB (20)

where:

a) J(v) is the Fresnel-Kirchoff loss due to an equivalent knife-edge placed with its peak at the vertex point. The
dimensionless parameter v may be evaluated from any of equations (13) to (16) inclusive. For example, in practical

units equation (13) may be written:
_ (dy + CJ'z)E“J2
v = 00816 h 570 (21)

where h and A arein metres, and d; and dy arein km.

J(v) may be obtained from Fig. 7 or from equation (17). Note that for an obstruction to line-of-sight propagation,
v is positive and equation (17) isvalid.

b) T(m,n) isthe additional attenuation due to the curvature of the obstacle:

T(mn) = k mP (224)
where:
k =282+ 120n (22b)
b =073+ 027[1 — exp (- 1.48)] (22¢)
and:

n-ries/ B @)
n:h%’{*@m/R (24)

and R, dq, dp, hand A arein self-consistent units.
T(m,n) can also be derived from Fig. 8.

Note that as R tends to zero, m, and hence T(m,n), also tend to zero. Thus equation (20) reduces to knife-edge diffraction
for acylinder of zero radius.

It should be noted that the cylinder model is intended for typical terrain obstructions. It is not suitable for trans-horizon
paths over water, or over very flat terrain, when the method of § 3 should be used.

4.4 Doubleisolated edges

This method consists of applying single knife-edge diffraction theory successively to the two obstacles, with the top of
the first obstacle acting as a source for diffraction over the second obstacle (see Fig. 9). The first diffraction path,
defined by the distancesandb and the heighb’4, gives a losd.; (dB). The second diffraction path, defined by the
distanced andc and the heighlt's, gives a los$., (dB). L1 andL, are calculated using formulae of § 4.1. A correction

term L, (dB) must be added to take into account the separbtibetween the edget. may be estimated by the
following formula:

b) (b
Le = 10l0g @% (’;l +) t() ++C;3) (25)

which is valid when each &f; andL, exceeds about 15 dB. The total diffraction loss is then given by:

L=1Ly+Ly+ L (26)
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FIGURE 8
Thevalue of T(m,n) (dB) asa function of mand n
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The above method is particularly useful when the two edges give similar losses.

FIGURE 9
Method for doubleisolated edges
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If one edge is predominant (see Fig. 10), the first diffraction path is defined by the distances a and b +c and the
height hy. The second diffraction path is defined by the distances b and ¢ and the height h',. The losses corresponding to
these two paths are added, without addition of athird term.

FIGURE 10
M ethod with one edge predominant
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The same method may be applied to the case of rounded obstacles using § 4.3.

In cases where the diffracting obstacle may be clearly identified as a flat-roofed building a single knife-edge
approximation is not sufficient. It is necessary to calculate the phasor sum of two components: one undergoing a double
knife-edge diffraction and the other subject to an additional reflection from the roof surface. It has been shown that,
where the reflectivity of the roof surface and any difference in height between the roof surface and the side walls are not
accurately known, then a double knife-edge model produces a good prediction of the diffracted field strength, ignoring
the reflected component.

45 General method for one or mor e obstacles

The following method is recommended for the diffraction loss over irregular terrain which forms one or more obstacles
to line-of-sight propagation. The calculation takes Earth curvature into account via the concept of an effective Earth
radius (see Recommendation ITU-R P.452, § 4.3).

The method is based on Deygout's construction, limited to a maximum of three edges, plus an empirical correction.

A profile of the radio path should be available consisting of a set of samples of ground height above sea level ordered at
intervals along the path, the first and last being the heights of the transmitter and receiver above sea level, and a
corresponding set of horizontal distances from the transmitter. Each height and distance pair are referred to as a profile
point and given an index, with indices incrementing from one end of the path to the other. Although it is not essential to
the method, in the following description it is assumed that indices increment from the transmitter to the receiver. It is
preferable but not essential for the profile samples to be equally spaced horizontally.

The Deygout construction is applied to all or part of a path profile by defining it from point index a to point index b
(a<b). If a+ 1 = Db there is no intermediate point and the diffraction loss is zero. Otherwise the construction is applied
by evaluating/,, (a< n< b) and selecting the point with the highest value.dfhe value ob for the n-th profile point is

given by:

v = hy2dg, / Adgndyp (27
where:
h = hy + [dandnp/2r1e] — [(hadnp + hpdan) /dap ] (273)
hg, hy, hp: vertical heights as shownin Fig. 11
dan, dnp, dap: horizontal distances as shown inlaFig. 11

le: effective Earth radius
Al wavelength

and all h, d, reand A arein self-consistent units.
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The diffraction loss is then given as the knife-edge loss J(v) according to equation (17) for v > —0.78, and is otherwise
zero.

Note that equation (27) is derived directly from equation (13). The geometry of equation (27a) is illustrated in Fig. 11.
The second term in equation (27a) is a good approximation to the additional height at point n due to Earth curvature.

FIGURE 11
Geometry for a single edge
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The Deygout construction is first applied to the entire profile from transmitter to receiver. The point with the highest
value of v istermed the principal edge, p, and the corresponding lossis J(vp).

If vp >-0.78 the construction is applied twice more:
— from the transmitter to point p to obtainand hencd(v;);

— from point p to the receiver to obtainand hencd(v,).

The excess diffraction loss for the path is then given by:

L =Jvp) + T[Iv) +I(vr) + C] for vp> -0.78 (28a)

L=0 for vp< -0.78 (28b)

where:
C: empirical correction

C =8.0+ 0.0D (29)
D: total path length (km)

and:

T = J(vp) /6 for J(vp) < 6 (30a)

T=1 for Jvp) > 6 (30b)
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