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Abstract

In this paper, the distribution of terrain roughness index in Uyo metropolis is
presented. The path (elevation) profiles of various regions or areas in Uyo are
captured and then used to compute the terrain roughness index. According to the
results, the terrain roughness index of the five signal paths studied within Uyo
metropolis are 5.12m, 8.13m, 17.08, 18.63m and 21.11m. Generally, terrain
roughness index less than 50ft or 15m is considered smooth terrain whereas those
above 50ft or 15m are considered rough terrain. Therefore, among the five paths
considered in this study, two paths smooth terrains while three paths are rough
terrains of varying degrees of roughness. In all, Uyo metropolis has both smooth and
rough terrains which will present different degrees of multipath fading for wireless
signals.
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1 Introduction

Available studies show that terrain roughness ingigxificantly affect the
value of geoclimatic factor and hence, the multipiaiding and link availability
due to multipath fading [1, 2, 4, 5]. The relatibps between the terrain
roughness index and the geoclimatic factor and énéime multipath fading and
link availability due to multipath fading are camd in the International
Telecommunication Union-Radiocommunication (ITUfc. P.530 [4, 6,7,8,5].

Researches have also shown that wireless signpésierce higher multipath
fading in smooth terrains than in rough terrains10, 11]. Among the various
models for predicting multipath fading, namely, Bett-Vigants fading model
[12, 13, 2], Morita Model [14, 2], and Rec. ITU-R580 Model [2, ITU, 2013),
the fade depth experienced by wireless signalseasas with increase in



geoclimatic factor [2]. In each of the three modelse geoclimatic factor for

smooth terrain is higher than that of rough terrdihe geoclimatic factor over

water surface is higher than both the one on sm&atiace and rough surface [2].
In this wise, careful selection of the signal pashessential, especially for
line-of-sight communication systems. In the teleommication industry, the

terrain roughness index is one way of characteyisie roughness of different
environments. In the Morita Model [14, 2], certaionstant values are used to
define the terrain roughness. In the Barnett-Vigafatding model [12, 13, 2]

certain constant values are used to define the tmukterrain roughness and
climatic condition of the environment. However,the ITU Rec. ITU-R P.530

Model [2, 15], terrain roughness index is used gect#y the roughness of the
environment.

According to [3] terrain roughness index (Sa) idirdel as the standard
deviation of terrain heights (m) or terrain elegas (in meters) within a 110 km x
110 km area mentioned in Rec. ITU-R P.530 [6, 112, 3]. In this paper, the
path (elevation) profiles of various regions oraarén Uyo are captured and then
used to compute the terrain roughness index. Thesfof the paper is to
determine the distribution of terrain roughnessemdn Uyo metropolis. This
result obtained from this paper is relevant to mekwplanners who may will to
know or select the signal path with minimum multipéading.

2 Methodology

The expression for terrain roughness index canxipeessed with respect to
the distance in kilometres and the elevations iterseand also with respect to the
distance in miles and the elevations in feet. Iis thection the analytical
expressions for determining terrain roughness ingek respect to distance in
kilometres and elevations in meters are presehttdhe distance in kilometres at
the transmitter bed,, ) and the distance in kilometres at the receiver be
drkm@x)- The distance can be measured from the transroittBom the receiver.
Also, let n; be the total number of kilometres in the distahedween the
transmitter and the receiver, thus:

nj = ldkm(tx) - dkm(rx)J 1)
| | Stands for rounding down to the nearest integer.
Let dym(;) be the distance in kilometres at the jth kilometrieere j = 1,2,3,...7;.
Let En(; be the elevation in meter at the jth kilometreeveh = 1,2,3,... n;.
Let M be the mean elevation in meters of all thg ;) where j=1,2,3,...n;.
Hence,
o= Zj-:l]rl[ém(j)]' @
]

Let S,wm) be the terrain roughness index in meters ande the standard
deviation of the path profile. Then

= e
Sa(m) = g = ZJ[M_ Mz]_ (3)

nj
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3 Description of the Study Tools and Procedure

Terrain roughness index is computed from elevatiata for the given terrain
studied. The elevation data set for the given lonatis generated using
Geocontext Online Elevation software available at:
http://www.geocontext.org/publ/2010/04/profiler/en/The  elevation data is
generated by entering the longitude and latituddefstart point (transmitter) and
end point (receiver) of the line of site path irttee source and destination
coordinates textboxes on the Geocontext onlineagilmv software. The elevation
data set generated by the Geocontext online etevabftware includes 512 data
points specified by:

i.  Longitude and latitude
ii.  Distance of each of the data point (Longitude atdulde ) from
the starting point’s longitude and latitude
iii.  The elevation at each data point above sea levéteaseference
plane.

The terrain studied is located in Uyo metropoliAkwa Ibom state, Nigeria.
A common start point is selected for five differdinies of site paths, each with
path length of about 21Km. The common start paratiUniversity of Uyo Town
Campus at Ipka Road in Uyo metropolis. Path 1 aetth B pass through ravine;
the two paths are close to each other and theipemd is also very close to each
other. The two paths are selected to examine hewvdifferences in topology in a
given terrain can be considered in selecting adtiera path for wireless signal.
The other three paths are selected to be at abdout®> and 270 from Path 1.

The procedure adopted for the study is as follows:

i.  The start point and end points of the five différpaths are identified
and their longitude and latitude are obtained us@wgopgle map.
Specifically, with the use of Google map’s distarioel, the paths
coordinates are selected such that each of theipahproximately
21Km long.

ii.  The 521 elevation profile data points are generasaag the
Geocontext online elevation software available at:
http://www.geocontext.org/publ/2010/04/profiler/en/

iii.  The Kilometre mark points are identified on the %lévation profile
data points for each of the path. The Kilometre kmasints captures
the elevation data at each kilometre apart aloegtth. So, for the 21
Km path, a total of 21 Kilometre mark points areptoaed. In
particular, for the terrain roughness index comjpoma the end point
of the path is not included in the Kilometre madkt. As, such, only
the first 20 of the Kilometre mark points are usedthe terrain
roughness index computation.

iv. For each of the five paths, the graph of elevationmeters) versus
distance (in meters) for the 521 elevation prafizea points is plotted
along with the graph of the elevation (in metersjsus distance (in
meters) for the 20 data points for the Kilomet@kpoints.

v. Five-in-one graph of the elevation (in meters) wusrglistance (in
meters) for the 20 data points for the Kilometreknaoints for all the
five paths are plotted for comparative analysis.
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4 Resultsand Discussions

The Google map of the five lines of site paths yoUunetropolis, Akwa lbom
State, Nigeria is given in Figure 1. According igufe 1, all the five paths have a
single start point, which is located at the cap@nt. The common start point is
at University of Uyo Town Campus at Ipka Road inoUgetropolis. Also, Path 1
and Path 4 are separated by very small angle antimb paths ended almost at
the same distance from the common start point.idRéatly, Figure 1 is the

Google map plot for the 20 data points for the Kikire mark points for all the
five paths.
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Figure 1 The Google Map Of thefive Line of Site Pathsin Uyo Metropalis,
Akwa Ibom State, Nigeria

Figure 2 is the graph plot for (i) the full 521 eddion profile data points for path
1.and (ii) the 20 data points for the Kilometre knppoints for path 1. The graph

given the elevation in meters versus distance efddta point from the common
start point.
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Figure 2 Elevation in Meters versus Distance in Meters For

The Line of Site Path 1 in Uyo Metropolis
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Similar graph the given in Figure 3 for Path 2; &4 for Path 3; Figure 5 for
Path 4 and Figure 6 for Path 5. Based on the vamgin elevation as shown in
the five graphs, Path 1, Path 3 and Path 4 hawe hgh variations in their
elevations as compared to Path 2 and Path 5 whiol sild variations in their
elevation profiles.
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Figure 3 Elevation in Meters versus Distance in Meters For The
Line of Site Path 2 in Uyo Metropolis
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Figure 4 Elevation in Meters versus Distance in Meters For
The Line of Site Path 3 in Uyo Metropolis

The table and the graph plot for the 20 data pdortshe Kilometre mark points
for all the five paths are given in Table 1 andurey7 respectively. The Terrain

Roughness Index in Meters is also given in Takded bar chart of Figure 8 for all
the five paths.
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Figure 5 Elevation in Meters versus Distance in Meters For
The Line of Site Path 4 in Uyo Metropolis

According to the results in Table 1, Path 2 haddiest Terrain Roughness Index
of 5.12m whereas; Path 1 has the lowest TerraigRoess Index of 21.11m.

Essentially, among the five paths studied, Path the smoothest path whereas;
Path 1 is the roughest path.
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Figure 6 Elevation in Meters versus Distance in Meters For
The Line of Site Path 5 in Uyo Metropolis

According available literature, smother paths téadoresent higher multipath
fading to wireless signals than the rough terrain.essence, Path 2 will present the
highest multipath fading to wireless signals whempared to the other four paths.
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Table 1 The 20 Data Points for the Kilometre Maoknpin the five Paths

Path 1 Path 2 Path 3 Path 4 Path 5
Distance (m) | Elevation | Elevation | Elevation| Elevation | Elevation
(m) (m) (m) (m) (m)

1000 31.68575 68.4838| 73.75299 31.86246| 68.96622
2000 64.99406 70| 75.83878 61.88184 69.04246
3000 20.21681 63.83657| 54.82764| 34.94558 70
4000 41.59086 68.57876| 43.3659| 35.49871 67.7502
5000 51.96056  72.74394| 18.9559| 47.96029 67.74522
6000 47.805 72.58723| 26.13521] 49.01006| 57.15655
7000 45.75122 68.77907| 26.35727) 49.38618| 59.02235
8000 46.32207 68.53896| 49.47253 35.26981 57.59133
9000 25.59465%  71.75354| 70.44325 39.20508| 57.89155
10000 62.85514 76.03184| 38.3413] 51.10257| 48.24907
11000 69.00477 73.53318 77.99403 51.22475 54
12000 65.7518% 67.06755 83.10683 61.92402 57.99893
13000 22.75914 78.06748 76.60138 37.69515 57.39184
14000 11.0262% 75.89356| 50.419| 13.68072 48.76924
15000 13.3877%  79.13271| 56.67532] 12.11353| 42.82029
16000 9.881839 75.03377| 66.76323 11.75838 53.97559
17000 11.03204 75.55434| 55.94129 11.48701 57.43724
18000 10.32909 72.01633| 70.62914| 12.37992 49.99115
19000 11.27607 64.29501| 75.99307| 22.74559| 47.97047
20000 11.7062 57.89917| 55.47312 11.71941 45.5367
Terrain

Roughness | 5 44 5.12 1863 |  17.08 8.13

Index in Meters

[Sa(m)]

On the other hand, Path 1 will present the lowadtipath fading to wireless

signals when compared to the other four pithss Worthy to note that Path 4 has

Terrain Roughness Index of 17.08m which is sméflen that of Path 1 despite the
fact that the two paths are very close to eachrothe

In essence, Path 1 will present the higher mutipatling to wireless signals
when compared to Path 1. Generally, terrain roughimelex less than 50ft or 15m
is considered smooth terrain whereas those abdverstbm are considered rough

terrain.
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Figure 8 Barchart of the Terrain Roughness Index in
Meters [Sa(m)] For The Five Line of Site Paths

Therefore, among the five paths considered indfidy, two paths smooth terrains
while three paths are rough terrains of varyingreeg of roughness. In all, Uyo
metropolis has both smooth and rough terrains wivillpresent different degrees
of multipath fading for wireless signals.

5 Conclusion

Terrain roughness index of various paths in Uyorapetlis are studied. The
path or elevation profile of the paths is obtainggough online elevation
software. The elevation profile data set are usetbtnpute the terrain roughness
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index for each of the five paths considered. Ttsallte show that there are both
smooth and rough terrains in Uyo metropolis. Thaultein essential for network
planners as it provides the requisite informationthe selection of the suitable
path for line-of-sight communication link.
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