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Abstract
In this paper, parametric analysis of isolated doubled edged hill diffraction loss based
on rounded edge diffraction loss method is presented. Particularly, the variation of the
diffraction loss due to changes in frequency and radius of curvature of the rounded edge of
isolated doubled edged hill obstruction are studied. Also, the ITU-R P.526-13 rounded edge
diffraction method is used to compute the diffraction loss. However, the radius of curvature
is computed using two approaches, namely, the ITU-R P.526-13 method and the occultation
distance based method. The results show that the rounded edge diffraction computed based
on the ITU-R P526-13 radius of curvature method is much higher than the one
computed with the occultation distance based radius of curvature approach. At frequency of
1 GHz, the percentage difference in diffraction loss is about 29 % and the difference
increases with frequency to as high as 74.5 % at 36 GHz. Smilarly, the ITU-R P.526-13
radius of curvature is extremely higher than the occultation distance based radius of
curvature. At frequency of 1 GHz, the percentage difference in radius of curvature is
about 218 % and the difference increases with frequency to as high as 395 % at 36 GHz. In
view of the results, the ITU-R P.526-13 radius of curvature method should be reviewed to

ascertain the specific conditions it can be employed.

Keywords: Radius of Curvature; Rounded Edge Obstructioy H26-13 Method;
Occultation Distance; Double Edged Hilltop; Singléged Hilltop; Fresnel
Zone; Radius of Fresnel Zone.

1. Introduction

Diffraction loss caused by obstruction is one oé tbomponents of path losses
considered in the design of wireless network [1-Bhrticularly, in line-of-sight

communication links it is required that at least/G@learance be maintained with
respect to the first Fresnel zone [10-14]. As sueiperts have developed different
methods for the determination of the diffractiom®ad by different kinds of obstruction.
In most cases, isolated obstructions are modelekinds edge obstruction [15-19].
However in reality , obstructions are much more plax than the knife edge
obstruction model. Besides, the knife edge modelddo under estimate the diffraction
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loss some cases. Consequently, the rounded edgactiiiin model was introduced by
expert to account for extra diffraction loss thaslrobstructions present beyond the
values obtained through the knife edge model [20-21

In order to determine the diffraction loss duedanded edge, the radius of curvature
or the rounded edge is first determined. Accordinglthe International
Telecommunication Union (ITU) has developed the 4RUP.526-13 method for
computing the radius of curvature for rounded ediffeaction loss computation [22]. In
the ITU-R P.526-13 method the radius of the finstshel zone is used to determine the
portion of the obstruction profile that will be wsm the determination of the radius of
curvature [22-25]. Consequently, for a given ohgtam, with the ITU-R P.526-13
method the radius of curvature varies with freqyesioice the radius of the Fresnel
zone is a function of frequency. However, with dmeotmethod that is based on the
occultation distance [26-27], the radius of curvatdoes not vary with frequency.

Generally, the radius of curvature affects the eatirounded edge diffraction loss. In

this paper, the effect of radius of curvature offratition loss over isolated doubled

edged hill is studied. The ITU-R P.526-13 methodegi large values of radius of

curvature as the occupation distance of the olistrumcreases. Double edged hill tend
to have larger occultation distance. As such, plaiser seeks to examine the impact of
the radius of curvature on the diffraction loss roisolated doubled edged hill with

relatively large occultation distance. Sample dieveprofile of double edge hill is used

in this paper and the analysis is performed fofetgiht frequencies in the various

microwave frequency band. The diffraction loss Hssare compared for the two

methods of computing the radius of curvature, ngmehe based on the ITU-R

P.526-13 method and the other on the occultatistaxce.

2. Theoretical Background

2.1 The Path Profile and Double Edged Hill Obstruction Geometry

Path profile for a line of sight (LOS) link with dble edged hill obstruction is shown in
Figure 1 In Figure 2 , a rounded edge of radius fted in the vicinity of the double
edged hilltop. Tangent line referred to as Tandeistdrawn from the transmitter to the
path profile at point T1 . Another tangent lineereéd to as Tangent 2 is drawn from the
receiver to the path profile at point T2 and exashtb intersect the Tangent T1 above the
hill vertex. The LOS clearance , h is the heigbtrfrthe LOS to the point of intersection
of Tangent 1 and tangent 2, as shown in figurelBe occultation distance , D of the
obstruction is the distance between T1 and T2.aftgge Tangent 1 makes with the LOS
is denoted as; while the angle Tangent 2 makes with the LOS isotkdd asx,. The
angle the LOS makes with the horizontal is den@ted

Elevation

Figure 1: The path Profile Plot Of The Double Edggidl

218



Tangent 1

Elevation (m)

-
-

-~
-
.
-

T
-

Figure 2: The Path Profile and Double Edged Hilk@iction Geometry

As shown in figure 2 d; is distance from the transmitter to the pointevehthe
LOS clearance is measured adg is distance from the receiver to the point where
the LOS clearance is measured. ldebe the distance between the transmitter and the
receiver, then:
d = d1 + dz (1)
From figure 2 B which is the angle the LOS  makes with the loorial is given as:
_ -1 (He—Hr
B= tan (T) (2)

where

H, is the height of the transmitter aitl} is the height of the receiver addis the
distance between the transmitter and the receies. values of dH, and H, are
obtained from the path profile data.

In Figure 2, a; is the angle (in radian) between the LOS andgdah 1l and
a, is the angle (in radian) between the LOS andhgeat 2. Then, a is the

external angle (in radian) between tangent 1 tamjent 2 at their point of
intersection above the hill vertex, where

a=a; +a, 3)
The anglesn; and a, are obtain by cosine rule as follows:
2 2_ 2
COS((Xl) — (S1)*+(S3)*—=(S>) (4)

2(51)(S3)

_ —1 ((51)2+(S3)*=(S2)?
% = Cos ( 2(5)(3) )(5)

Similarly,

(S2)2+(S3)%=(S1)?
2(S2)(S3) ) (6)

where S; is the length of the tangent 1 measured fromtrda@smitter to the point of

intersection of tangent 1 and tangent 2, as shavigure 2.

S, is the length of the tangent 2 measured fronrebeiver to the point of intersection

of tangent 1 and tangent 2, as shown in Figure 2.

o, = Cos‘l(
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S5 is the length of the LOS measured from the trattentio receiver

S1, S, andS; are in meter and they are measured out from ttregafile plot and the
tangent line drawn on the path profile.

The line of sight(LOS) clearance, h is given as;

__ S4[Sin(ay)]
" Sin(90-B) (7)

_ 2(d1+d>)
V= h\/ A(d1)(d2) (8)

where £ is the signal wavelength which is given as:

The diffraction parametev, is given as:

L= (9)

f is the frequency in Hz and c is the speed oftlighich is 3308 m/s.

2.2 The Rounded edge diffraction lossby | TU-R P.526-13 Method

The diffraction loss for single rounded obstaclecarding to Recommendation ITU-R
P.526-13 may be calculated as [22]:

Agg =J(v) + T(m,n) (10)

where: J(v) is the Fresnel-Kirchhoff loss due to an equivalanfe-edge placed with
its peak at the vertex point. The diffraction paes@nv may be evaluated as given earlier
in Eq 3.15. where h aridare in meters, and d1 and d2 are in kilometres.Khiife edge
diffraction loss , J) may be obtained according to ITU —R 526 whei®as given earlier
in Eq 3.17.T(m,n) is the additional attenuation due to the cunatfrthe obstacle and it
is given as [22]:

formn <4

T(m,n)dB = 7.2(m)Y? — (2 — 12.5n)m + 3.6(m)3/? — 0.8(m)? (11)
formn >4

T(m,n) dB = —6 — 20Log(mn) + 7.2(m)¥/? — (2 — 17n)m + 3.6(m)3/? —
0.8(m)? (12)
((d1+d2))

_ (d1)(d2)
ST &)

e
R

2.3 The Radius Of Curvature For The Rounded Edge Diffraction
Computation

2.3.1 The Occultation Distance Based Radius Of Curvature For The
Rounded Edge Diffraction Computation

The occultation distance-based method for computieg radius of curvature for the
rounded edge obstruction is given as follows [ZB-2

n= (24)

_2(D)(dy)(dy)
k= (@[(d1)2+(d2)?] (15)

where D is the occultation distance and it is ot#difrom the graph plot of the path
profile and geometry of the obstruction, as showrfigure 2 . Particularly, a line
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(referred here as tangent 1) is drawn from thestratter to be tangential to the path
profile at the vicinity of the hill apex. Let thartgent point of tangent 1 with the path
profile be denoted as T1. Again, another line (refi here as tangent 2) is drawn from
the receiver to be tangential to the path profil¢éha vicinity of the hill apex . Let the
tangent point of tangent 1 with the path profilede@oted as T2. Then, D is the distance
between T1 and T2. The point at which the tangestd tangent 2 intersect above the
hill vertex, as shown in figure 2 .

2.3.2 The I TU Radius Of Curvature Method For The Rounded Edge
Diffraction Computation

According to ITU-R 526-13 method for computing theadius of curvature for the
rounded edge obstruction is given as follows [22];

xiz
2(yi)
where r; is the radius of curvature corresponding to themai of the vertical

profile of the ridge in figure 3.

(16)

=

¥; Maximum
Elevation

Xi

\ 4

Figure 3: The Geometry of the Vertical Profile bEtobstruction used for the
determination of the radius of the rounded edgeditto the vicinity of the
obstruction vertex according to ITU Method [22].

When fitting the parabola, the maximum verticaltalice from the apex to be used in
this procedure should be of the order of the firgisnel zone radius where the obstacle
is located. As such, in figure 3, the maximymis less or equal to the radius of first
Fresnel zone at the point of maximum elevation.the case ol samples, the median
radius of curvature of the obstacle is denoted adh&e [22]:
. . L2

R= TNy = TV (35) (17)
According to the ITU-R 526-13 recommendation, frehe obstruction apex (in
Figure 2) the maximum value of; should be within the radius of the first Fresnel
zone denoted as;; . Essentially;

maximum(y;) <ry (18)
The radius of the first Fresnel zong)( at distance d;  from the transmitter and,

from the receiver is given as:
_ | (4(dy )H(d2))
N R (19)
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where £ is the signal wavelength. which is given as = ]% (20)

fis the frequency in Hz and c is the speed oftligh

3. Resultsand Discussions

Sample numerical example is conducted based tn pafile of microwave link
with isolated double edged hilltop shown in TabléMicrowave frequencies from 1.
GHz in the L-band to 36GHz in the Ka-band aresodered.

Table 1. The path profiles data for the of micase links  with isolated double

edged hilltop
Distance | Elevation | Distance | Elevation | Distance | Elevation | Distance | Elevation | Distance | Elevation
(m) (m) (m) (m) (m) (m) (m) (m) (m) (m)

0.0| 405.6| 1595.3| 394.4| 3190.5| 416.3| 4785.8| 426.5| 6381.0| 381.6

53.2| 405.6| 1648.4| 392.6| 3243.7| 411.9| 4838.9| 427.3| 6434.2| 382.1

106.4| 405.6| 1701.6] 391.9| 3296.9| 416.5| 4892.1| 427.1| 6487.4| 382.6

159.5| 405.4| 1754.8| 391.0| 3350.0| 418.5| 4945.3| 426.4| 6540.5| 382.7

212.7| 405.4| 1808.0f 389.7| 3403.2| 416.5| 4998.5| 426.7| 6593.7| 382.7

265.9| 405.5| 1861.1f 388.6| 3456.4| 416.9| 5051.6/ 426.4| 6646.9| 382.7

319.1| 405.5| 1914.3| 388.1| 3509.6] 423.5| 5104.8| 422.1| 6700.1) 382.7

372.2| 405.1| 1967.5| 387.6| 3562.7| 423.5| 5158.0f 395.4| 6753.2| 383.1

425.4| 404.3| 2020.7| 387.6| 3615.9| 426.5| 5211.2| 394.9| 6806.4| 383.7

478.6| 403.0| 2073.8] 387.3| 3669.1| 425.5| 5264.3] 393.9| 6859.6| 384.0

531.8| 402.2| 2127.0f 396.7| 3722.3| 426.3| 5317.5| 392.5| 6912.8| 384.0

584.9| 401.5| 2180.2| 396.2| 3775.4] 427.1| 5370.7| 391.5| 6965.9| 383.5

638.1| 401.3| 2233.4| 395.8| 3828.6| 426.6| 5423.9| 390.7| 7019.1| 382.9

691.3| 401.3| 2286.5| 395.1| 3881.8| 427.1| 5477.0| 389.5| 7072.3| 382.6

744.5| 401.0| 2339.7| 393.7| 3935.0/ 427.1| 5530.2| 388.1| 7125.5| 382.6

797.6| 400.7| 2392.9| 393.7| 3988.1| 427.4| 5583.4| 387.0| 7178.6| 383.3

850.8| 400.3| 2446.1| 395.9| 4041.3| 426.3| 5636.6| 386.1| 7231.8] 382.2

904.0| 399.9| 2499.2| 398.7| 4094.5| 425.2| 5689.7| 385.8| 7285.0f 381.5

957.2| 399.7| 2552.4| 402.1| 4147.7| 425.6| 5742.9| 385.7| 7338.2| 381.0

1010.3| 400.0| 2605.6| 398.5| 4200.8| 423.9| 5796.1| 385.3| 7391.3| 381.0

1063.5| 400.2| 2658.8| 401.8| 4254.0| 423.1| 5849.3| 384.8| 7444.5| 381.0

1116.7| 400.3| 2711.9| 400.2| 4307.2| 423.6| 5902.4| 384.0| 7497.7| 380.9

1169.9] 399.3| 2765.1| 402.2| 4360.4| 423.3| 5955.6/ 383.0| 7550.9| 381.8

1223.0| 398.0| 2818.3] 404.0| 4413.5| 423.4| 6008.8] 382.3| 7604.0| 380.6

1276.2| 395.6| 2871.5| 405.7| 4466.7| 423.5| 6062.0{ 381.4| 7657.2| 381.5

1329.4| 392.5| 2924.6| 407.5| 4519.9| 425.6| 6115.1| 380.6| 7710.4| 3824

1382.6| 391.6| 2977.8| 410.7| 4573.1] 424.9| 6168.3| 380.2| 7763.6| 383.2

1435.7| 390.7| 3031.0| 411.5| 4626.2| 426.8| 6221.5| 380.5| 7816.7| 385.5

1488.9| 389.7| 3084.2| 413.0| 4679.4] 426.6| 6274.7| 380.9| 7869.9| 385.5

1542.1| 388.7| 3137.3| 414.9| 4732.6| 426.6| 6327.8] 381.1| 7923.1 385.5
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Table 2 shows the diffraction loss, radius of ctuve and radius of Fresnel zone
for different frequencies and radius of curvaturetimds. According to the results in
Table 2, the rounded edge diffraction computed dhasethe ITU-R P.526-13 radius
of curvature is much higher than the one computitd the occultation distance based
radius of curvature. At frequency of 1 GHz , thecpatage difference in diffraction loss
(%) is about 29% and the difference increases fsttjuency to as high as 74.5% at 36
GHz.

Similarly, the ITU-R P.526-13 radius of curvatuseextremely higher than the
occultation distance based radius of curvaturefréquency of 1 GHz , the percentage
difference in radius of curvature (%) is about 2186@ the difference increases with
frequency to as high as 395% at 36 GHz. In all filegjuencies considered, the
occultation distance remained constant at 1435.7 m.

Table 2: The diffraction loss, radius of curvatarel radius of Fresnel zone for different
frequencies and radius of curvature methods

. . Diffraction Percentage .
R (m) By R(m) By Percentage DL'ffraCégn I_Bc;zse((de) Difference RaI(:j_l u; of Occultation
f (GH2) ITU Occultation Differencein B(;:é on) |TU0n in Frleienel Distance
M ethod M ethod R (%) ITU R Oceultation Diffraction Zone (m) (m)
DistanceR Loss (%)

1 208913.4 65607.6 218.4 47.5 34.1 39.5 292 1435.7
3 244334.8 65607.6 272.4 64.6 43.9 47 .4 16{9 1435.7
6 275391.7 65607.6 319.8 83.9 52.5 59.9 119 1435.7
12 317868.0 65607.6 384.5 1111 64.0 73.% 84 ¥43b.
24 317868.0 65607.6 384.5 140.8 81.2 73.4 6.0 T43b.
36 324776.4 65607.6 395.0 163.2 93.6 74.% 4.9 ¥43b.

4. Conclusions

The effect of radius of curvature on the roundeageediffraction loss computed by the
ITU-R P.526-13 rounded edge diffraction loss mdth® presented. The radius of
curvature is computed using two methods , namiedy, tITU-R P.526-13 method and
the occultation distance-based method. The paifilgrconsidered in the study is a
double edged hilltop obstruction.The results shioat the rounded edge diffraction loss
computed by the ITU 526 -13 method is significamtifected by the radius of curvature.
Also, for high occultation distance obstructiore tifference in the radius of curvature
of the rounded edge and hence on the diffracties btained can be very high. The
result therefore shows that the ITU 526 radius ofvature method should be
reviewed to ascertain the specific conditions it ba employed.
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