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Abstract

In this paper, development of software for comgusingle knife-edge diffraction
loss based on Fresnel-Kirchoff model and Lee's wiwdl approximation model is
presented. The mathematical expressions and algorifor the single knife edge
diffraction loss software are presented. The inpguired by the software includes
frequency, height of the transmitter and receiveteanas, height of obstruction,
distance of the obstruction from the transmitter receiver. The output includes
diffraction loss, Fresnel diffraction parameter,tpdength and phase difference between
the direct and diffracted paths, the number anduaaf all Fresnel zones block by the
obstruction. Moreover, the software is used to wtube variation of diffraction
parameter, diffraction loss and other link paramsetevith obstruction height. Results
are presented in tables, graphs and also as afiglarameters and their values. Sample
diffraction loss computation is conducted for a 9Gidicrowave link with 25 m knife
edge obstruction. At diffraction parameter of 5.2Z%35575 the corresponding
diffraction loss is -27.72756218 dB. More importgntat diffraction parameter of 0
(zero) the corresponding diffraction loss is -6.8B which is in agreement with the
published works on single knife edge diffractiosslat diffraction parameter of O (zero).

Keywords. Diffraction Loss, Diffraction Parameter, Diffragh, Single knife Diffraction, Fresnel
Zone, microwave Link, Line-Of-Sight Link

1 Introduction

Over the years, wireless communication has grown b the dominant
communication systems across the globe [1]. Acooglgi researchers and
manufacturers are continuously inventing and impr@wn tools that can be used to
advance the wireless communication technologiestleid applications [2,3]. One
of such tool is considered in this paper, namehg software for computing
diffraction loss of wireless communication linkstvsingle knife edge obstruction in
the signal path.

Diffraction is the bending of radio waves aroundstalles in the path of the
waves, or as the radio waves pass through narreniogs [4,5]. Diffraction allows
radio signals to propagate around the curved seidéathe earth, beyond the horizon,
and to propagate behind obstructions [4,6,7]. Bdffion results in a change of
direction of path of the radio wave energy from themal line-of-sight path.
Diffraction enables radio signal to be receiveuabthe edges of an obstacle. The
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ratio of the received signal power with and withthe obstacle is referred to as the
diffraction loss [8,9]. Diffraction loss is a fumah of frequency of operation and the
path geometry. If the direct line-of-sight of a imdvave or wireless signal is
obstructed by a single object, such as a mountaibuilding, the attenuation
resulting from diffraction over such obstacle candetermined by considering the
obstacle as a single knife-edge [10,11].

Single knife-edge diffraction model is used to peediffraction losses caused
by a single object such as a hill or mountain wHiek in the path of the wireless
signal [10,11]. Such, diffraction losses over isethobstacles can be estimated using
the Fresnel-Kirchoff knife-edge model [12,13]. Datenation of diffraction loss is
usually part of a larger network planning and deggocess that requires selection
and fine-tuning of parameter values to suit a paldr design specification. In other
to facilitate the diffraction loss parameter satattand fine-tuning process, software
tool is essential. In this paper, software that banused to determine single knife
edge diffraction loss and also perform parametmalysis on diffraction loss
parameters is presented. Sample diffraction losgpatation for a 9GHz microwave
link is used to demonstrate the applicability af #oftware.

2 The Mathematics of the Fresne-Kirchoff Model for
Single Knife Edge Diffraction L oss

The Fresnel-Kirchoff model for single knife edgdfrdiction loss computation is
explained using schematic diagram of a wirelessnsomcation link in Fig. 1. A
simplified version of the link schematic diagramHiy. 2 is obtained by subtracting
the smaller of the two antenna heights in Figrdmfall other heights considered in
the link. The communication link in Fig. 1 and Fig.is for a wireless signal
transmitted from the transmitter to the receivahwignal wavelength\j given as:

A= ; = ¢(T) )
he =M =12 2)

where: ¢ is the speed of a radio wave={ 3x103m/s; A is wavelength of a radio
wave in m; f is frequency of a radio wave in Hzddanis period of a radio wave in
seconds.

Receiver

T

Figure 1. Schematlc Dlagram for Slngle Knife Edge lefnantLoss Computation.
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Figure 2. The Simplified Link Schematic Diagram for Difframh Loss Computation

In Fig. 1 and Fig. 2, various link parameters atentified and defined as

follows:
h: isthe height of the transmitter antenna
h,. isthe height of the receiver antenna
h;, is the minimum antenna height between the tnitter and the receiver
antennas, where

h; = minimum(h,, h;) 3)
hy is the maximum antenna height between the nmdates and the receiver
antennas, where

hy = maximum(h,, h;) 4)
h,ps IS the height of the impenetrable knife-edge mlasion from the ground.
h,, is the height of the impenetrable knife-edge miasion with respect to the
straight line-of-sight path between the transmitterd the receiver. Ih,, Iis
positive, it shows the obstruction height is abdke line of sight. However, if
h,p, s negative, it shows the obstruction heightabty the line of sight.

hob = hops — Iy )
d,; Iisthe distance of the obstruction from thegraitter
d, Isthe distance of the obstruction from thesneer

If o andp are very small in Fig. 1 and Fig. 2 and alsohjf,( )= h,, then, the

excess path length\) is the difference between the direct path anddiffeacted
path. Then,A is given as;

8~ (*25) (G5e) ®)
: ZNB * y (dot+d0r) (7)
a = hob (m) (8)

Also, the Fresnel-Kirchoff diffraction parameter)(i¢ given as
_ Z(dot‘l'dor)
V= hop (\/ A(dot)(dm) ©)
_ 2(dot)(dor)
V= a<\/ A(dot+dor>> (10)
where « is in radians.

The phase difference) between the direct path and the diffracted patjiven

as:
_ (2m _ (2T (hop)? (dottdor) _ (& 2

o= (5)a= () ((22) () - 5)v )

Hence, the phase differendg lepends on the height and position of the obstasl

well as the transmitter and receiver locations.
Fresnel zones: Fresnel zones represent successivens where secondary
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waves have a path length from the transmitter ®® réceiver which are——

n()

greater than the total path length of a line-ofisigath. The radius of théhrFresneI
zone €m) is given as [14]:

_ n(l(do )(dor))
Tfm) = ’(dot:‘—dor) forn=1,23,... andl,;, >> Tfm) and d,, >>Tf(n) (12)

Graphical solution can be used to compute diffeactoss G;(dB) as a function
of the diffraction parameter, V using the knife-edgjffraction loss graph of Fig. 3
[15,16]. Numerical solutions can also be used tmmate diffraction lossG,;(dB)
as a function of the diffraction parameter, V. lIse@pproximation model for
computing G;(dB) with respect to V is given as follows [15,16].

G4(dB) = 0 for v< —1
G4(dB) = 20log(0.5 — 0.62v) for—1<v <0
G4(dB) = 20log (0.5exp(—0.95v) ) for0 <v <1 (13)
Ga(dB) = 20log (0.4 —,/0.1184 — (0.38 — 0.1v)?) for 1<v < 2.4
| Ga(dB) = 20l0g (*22) for v> 24 |
5
e D
g -5
O
2 -10
k]
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= -25
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Fresnel-Kirchoff Diffraction Parameter, v

Figure 3: Knife-edge diffraction loss graphed as a funcobthe Fresnel-Kirchoff

diffraction parameter [15,16].

3 Algorithm for Computing Single K nife-Edge Diffraction L oss.
The entire algorithm is given below.
Step 1 Input the following

(i) f frequency of the radio wave in Hz.

(i) hy isthe height of the transmitter antenna (inargtfrom the ground or
sea level.

(ili) h, isthe height of the receiver antenna (in mgtieosn the ground or
sea level.

(iv) h,,s is the height of the impenetrable knife-edgetmigsion (in
meters) from the ground or sea level.

(v) d,; distance of the obstruction from the transmiteimeters).

(vi) d,, distance of the obstruction from the receivemgieters).

Step 2 Computex, the wavelength of a radio wave (in meters) defd: A = ;

Step 3 Computeh,, the minimum antenna height between the tranemitind the
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receiver antennas (in meters), whereh; = minimum(h,, h;).

Step 4 Computehy, the maximum antenna height between the trangmitted the
receiver antennas (in meters), wherehy = maximum(h,, h;).

Step 5 Computeh,,, the height of the knife-edge obstruction witlspect to the
straight line-of-sight path between the transmitiad the receiver, where
hop = hops — hy.

Step 6 Compute the Fresnel Diffraction Parameter, V aeva:

_ h Z(dot + dor)
V= Ror | Ky (dor)

Step 7 Compute G4(dB) the diffraction loss as a function of the diffiaa
parameter V. Using Lee’s numerical (approximatismiution method as follows:

( Gg(dB) = 0 for v<—1)
G4(dB) = 20log(0.5 — 0.62v) for —-1<v <0
G,4(dB) = 20log (0.5exp(—0.95v) ) for0 <v <1
4 ,
Gq(dB) = 20log (0.4 —/0.1184 — (0.38 = 0.1v)?) for 1< v < 2.4

0.225
\ G,(dB) = 20log (T) for v> 24

Step 8 ComputeA, the path length difference between the direct affichdted paths

as follows: i
a~ (395) () = ()v?
Step 9 Find n, the Fresnel zone in which the tip of the obstructies . The excess
path length4) is also given in respect of n 4s= (%X) hencen = %.
Step 10 Find n,,, the Fresnel zones blocked by the obstructiay, = [n], where
| | means number truncated to the nearest lower intelgace, n,, = [Z(A)

P
Therefore, the obstruction blocks the firg}, Fresnel zones.

Step 11 Computed, the phase difference between the direct path andiffracted
path as follows; ® = (27“)A = G)v2 .
Step 12 Computery,,) , the radius (in meters) of the firat Fresnel zones the

obstruction blocks fully or partially as followsy,) = /W where
ot or

n=1,2,3,..n ; d,; >> T'f(n) and d,, 23T f(n)-

The software is written in Visual Basic languagd ansample single knife-edge
diffraction loss is used to demonstrate the apfioaof the software. The sample
diffraction loss computation is for 9GHz microwalek with transmitter antenna
height of 100 m, receiver antenna height of 90 bstriction with height of 25 m
from the line of sight and with obstruction distanof 2500 m from both the
transmitter and the receiver.

4 Resultsand Discussion
The results obtained from the sample run of thenswe is presented and discussed in
this section. From Fig. 4, the Fresnel diffractiparameter (v) for the link is
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5.4772255575 which correspond to diffraction los23.72756218 dB. In addition,
from Fig. 6, the path length difference is 0.25 apdo the 18 (that is,n,, = 15,
as shown in Fig. 6 ) Fresnel zones are completely blocked by the olstruahich is
115 metres highthat is h,, = 115, as shown in Fig.5) A where the radius of the
15" Fresnel zone is 25 m (that i$n) = 47.13°, as shown in Fig.6). Also, in Fig.
6, the phase difference is 47.13° (thatfis= 47.13°, as shown in Fig.6).

f | 9000000000 | Frequency of the radio wave in Hz
ht | 100 | Height of the transmitter antenna (in meters)
h‘r | =11] | Height of the receiver antenna (in meters)
'h'o bhe | 115 | Height of the knife-edge obstruction (in meters)
do t | 2500 | Obstruction distance from the transmitter (in meters)
do r | 2500 | Obstruction distance from the receiver (in meters)
| INPUT |

Figure 4. The Input Parameters For The Sample Diffractioss Computation

FRESNEL-KIRCHOFF SINGLE KNIFE-EDGE DIFFRACTION LOSS SOFTWARE
A ‘ 0.033333333 ‘ The wavelength of a radio wave (in meters) ; ¢ =300,000,000m/s
h‘l. ‘ 20 ‘ Minimum antenna height b/w transmitter & receiver antennas (in meters)
h B ‘ 100 ‘ Maximum antenna height b/w transmitter & receiver (in meters)
h o ‘ 25 ‘ Height of obstruction relative to LOS (in meters)
V| 5477225575 | Fresnel Diffraction Parameter
Gy(dB) | -27.72756218 | Diffraction loss (in dB)

Figure5. The First Output Screen for the Sample Diffrattimss Computation

The results are also presented in table 1 whiclwshioow the diffraction
parameter and diffraction loss vary with the obdion height. In the link, for
obstruction height less equal to -5m, the diffractparameter (v) is less or equal to
-1.1 and the corresponding diffraction loss fortsuange of values of v by Lee’s
model is 0 dB. The various values diffraction I@swd diffraction parameter are
presented in table 1 and graph of Fig. 7 for olsstva height from -50 m to 50 m
where the obstruction height is measured witheetsjo the line of sight between the
transmitter and the receiver antennas.
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FRESNEL-KIRCHOFF SINGLE KNIFE-EDGE DIFFRACTION LOSS SOFTWARE
A | 0.25 | Path Length Difference
n | 15 | The Fresnel zone in which the tp of the obstruction lies
g | 15 | Fresnel zones blocked by the obstruction
¢ | 47213 | PhaseDifference (in degrec)
Tiin) ] 25 | Radius of the nth Fresnel zone (in meters)
Tyy | 6454972244 | Radius ofthe lst Fresnel zone (in meters)

Figure6. The Second Output Screen for the Sample Diffsadtoss Computation

Table 1. Variation of diffraction parameter, diffractioads and other link parameters

with obstruction height

qegheof | Fresnel | Difacto | umberof | iyl g | Pahlength | vhase

(m) Parameter (dB) Affected Zone(ill;”ked (m) ©
S/N hob Vv G(dB) n rf(nob) (m) A ¢
1 -50 -10.95 0 60 50 1 188.52
2 -40 -8.76 0 38.4 39.79 0.64 120.65
3 -20 -4.38 0 9.6 19.36 0.16 30.16
4 -10 -2.19 0 2.4 9.13 0.04 7.54
5 -5 -1.1 0 0.6 0 0.01 1.89
6 0 0 -6.02 0 0 0 0
7 10 2.19 -20.37 2.4 9.13 0.04 7.54
8 20 4.38 -25.79 9.6 19.36 0.16 30.16
9 30 6.57 -29.31 21.6 29.58 0.36 67.87
10 50 10.95 -33.75 60 50 1 188.52
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Figure 7. Diffraction Loss, G(dB) and Fresnel DiffractionrBaeter Versus
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5 Conclusion

In this paper, mathematical expressions and alguarifor single knife edge
diffraction loss software are presented. Sampleliegipn of the software in
diffraction loss computation is presented; Alsa doftware is used to study the
variation of diffraction parameter, diffraction Bs@and other link parameters with
obstruction height.
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