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Abstract— In this paper, Analysis of degree of
urbanization impact on LoRa-based wireless
sensor communication link is presented. The
CCIR path loss prediction model use a degree of
urbanization parameter, (denoted as E) to
differentiate the path loss that can be experienced
in different environments, from open space with
minimal buildings or obstructions to urban area
with so many buildings and obstructions. The
mathematical expressions for the CCIR model and
the link budget analysis of the wireless link are
presented. Sample numerical computations were
conducted with transmitter power of 10 dBm and
path length values ranging from 1.6 km to 7.1 km,
as well as the following parameters : PB=3% and
E =18.08; PB =8% and E =7.43 ; PB =16% and E =
0. Notably, the results show that the CCIR
estimated pathloss increases with increase in the
PB and hence increase in the degree of
urbanization, E. Specifically, the least path loss
values are obtained when PB =3 % which is for the
rural area while the highest values of path loss are
obtained when PB =16 % which is for the urban
area. the received signal strength decreases with
increase in the PB and hence the received signal
strength decreases with increase in the degree of
urbanization, E.In all, the results show that for a
given path length, the path loss increases with
increase in degree of urbanization, the received
signal strength decreases with increase in degree
of urbanization, and also the decreases with
increase in degree of urbanization. Also, for a
given path length, the link margin increases with
increase in spreading factor.
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1. Introduction

Generally, the wired and fiber optic network technologies
are known to afford high bandwidth, however, the wireless
communication technologies has continued to dominate in
many application areas [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,
16]. Notabley, GSM and satellite communications, as well
as Internet of Things and wireless sensor networks are some
applications that rely heavily on wireless communication
technologies [16,17,18,19,20, 21,22, 23,24, 25,26, 27,28,

29]. Moreover, Long Range (LoRa) transceiver
technologies have become one of the most popular
communication technologies employed in wireless sensor
networks [31,32,33,34,35,36,37,38,39,40]. Due to its low
energy consumption and long range communication
capability, it has been applied in terrestrial and also in
direct earth to satellite wireless sensor communications
[41,42,43,44]. In any case, designers of LoRa-based
wireless sensor communication link must address some
challenges that are mostly prevalent in wireless
communication links. Particularly, path loss is one of the
challenges that wireless communication link designers must
determine and accommodate in their design in order to
achieve and sustain their set quality of service
[45,46,47,48]. Other related challenges are diffraction loss
and also fading due to rain and multipath. While fade
mechanisms may occur occasionally, path loss is inevitable
and it is present by default. However, the exact amount of
path loss experienced in a wireless link is significantly
affected by the nature and distribution of obstructions in the
signal propagation area.

Importantly, different mathematical models have been
developed in different studies to estimate the path loss in
different propagation environments. The CCIR model is
among the empirical models that are used to estimate the
path loss in different areas classified by the degree of
urbanization [49,50,51]. The degree of urbanization is
dependent on the percentage of the area that is covered by
buildings. The model originators associated certain values
of the degree of urbanization to urban area, to sub-urban
area and to rural area. As such, this paper is set to
determine the effect of the degree of urbanization on the
LoRa-based  wireless sensor communication link.
Specifically, the study considered the link margin variations
with different configurations of degree of urbanization and
path length.

2. Methodology

The CCIR path loss prediction model use a degree of
urbanization parameter, (denoted as E) to differentiate the
path loss that can be experienced in different environments,
from open space with minimal buildings or obstructions to
urban area with so many buildings and obstructions. In the
CCIR model, the path loss, LP (dB)is expressed as;
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LP (dB) = A+ B =log,o(d) — E @)

A = 69.55 + 26.16 * log,,(f) — 13.82 * log,(hp) —
athn) (2

a(h,) = [1.1 «log,o(f) — 0.7] * hy;, — [1.56 *
log,o(f) — 0.8] 3)

B =449 — 6.55 = log,o(h;,) (4)

E =30 -25(log,o(PB)) (5)
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Where d is the path length given in km and f is signal
frequency given in MHz within the range of 150 MHz< <
1000MHz, hyis the transmitter antenna height which is
within the range of 30m <h; < 200m, h,, is the transmitter
antenna height which is within the range of Im< h,,< 10 m
. The value of E is given in respect of PB that is a numerical
representation of percentage of the area that is covered with
buildings and obstructions. Typical values of PB are such
that;
> 16 % for urban area
= 8% for sub — urban area (6)
= 3% for rural or open area
Now, LoRa transceiver sensitivity, S,s.ns IS €Xpressed as;
S, = —174 +10log,o(BW) + NF + SNRggp

()
Where the SNRgqp is the required signal to noise ratio, NF
is the noise figure and BW is the noise bandwidth. Also,
when the transmitter and receiver antenna gains are
assumed to be negligible, the receiver signal power, B. can
be determined using the link budget expression for the
LoRa transceiver-based communication link given as;

PB

P.= P,—LP (dB) (8)
P = LM + Sysens ©)
P, — LP (dB) = LM + S,gens (10)
LM = P — LP (dB) —Sysens (11)

Where LM is the link margin, P, is the transmitter power
and LP (dB) is the path loss which in this paper is based on
the CCIR model.
3. Results and discussions

A numerical example was conducted with transmitter
power of 10 dBm and path length values ranging from 1.6
km to 7.1 km and the results of the CCIR pathloss, LP (dB)
for PB=3%, 8 % and 16 % are presented in Table 1 and
Figure 1. Notably, the results show that the CCIR estimated
pathloss increases with increase in the PB and hence
increase in the degree of urbanization, E. The set of
pathloss values obtained show that the least path loss values
are obtained when PB =3 % which is for the rural area
while the highest values of path loss are obtained when PB
=16 % which is for the urban area.

Table 1 The results of the CCIR pathloss, LP (dB) for PB=3%, 8 % and 16 %

d (km) CCIR Path loss PB=3% and E =18.08 | CCIR Path loss PB = 8% and E =7.43 | CCIR Path loss PB = 16% and E =0
1.6 96 106.7 114.2
2.7 103.8 114.5 122
3.8 108.9 119.6 127.1
4.9 112.7 123.4 130.9

6 115.8 126.4 1339
7.1 118.3 128.9 139.5
The CCIR pathloss, LP (dB) for PB=3%, 8 % and 16 %
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Figure 1 The scatter plot of the CCIR pathloss, LP (dB) for PB=3%, 8 % and 16 %

Furthermore, received signal strength, Pr (dB) for PB=3%,
8 % and 16 % was computed based on the path loss results
presented in Table 1 and Figure 1 and the received signal
strength results are presented in Table 2 and Figure 2. The

results show that the received signal strength decreases with
increase in the PB and hence the received signal strength
decreases with increase in the degree of urbanization, E.
The strongest received signal strength values are obtained
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when PB =3 % which is for the rural area while the weakest
received signal strength are obtained when PB =16 %

which is for the urban area.

Table 2 The received signal strength, Pr (dB) for PB=3%, 8 % and 16 %

d (km) The Received Signal Strength, Pr ThsrR(Z%e;|}/§:1P5ég_naglo/5tarscr;gEth, The Received Signal Strength, Pr
(dB) for PB=3% and E =18.08 7 4; ? (dB) for PB =16% and E =0
1.6 -96.7 -96.7 -104.2
2.7 -104.5 -104.5 -112
3.8 -109.6 -109.6 -117.1
4.9 -113.4 -113.4 -120.9
6 -116.4 -116.4 -123.9
7.1 -118.9 -118.9 -129.5
Ao The Received Signal Strength, Pr (dB) for PB = 3% ,8 % and
=)
=2 16%
B
S 2 -80
¥ w
= -85
SN
® R 95 —&—The Received Signal
S Strength, Pr (dB) for
80 S
»oom 100 PB=3% and E =18.08
<= 1l -105
g m 110 —®— The Received Signal
oA Strength, Pr (dB) for PB =
85 I 8% and E =7.43
£ 120
) 125 The Received Signal
=1 Strength, Pr (dB) for PB =
i -130
16% and E =0
-135
1 2 3 4 5 6 7 8
d (km)

Figure 2 The scatter plot of the received signal strength, Pr (dB) for PB=3%, 8 % and 16 %

Also, the results of the link margin, LM (dB) for PB =3%
and E =18.08 are presented in Table 3 and Figure 3.
Similarly, the results of the link margin, LM (dB) for PB
=3% and E =18.08 are presented in Table 4 and Figure 4
while the results of the link margin, LM (dB) for PB = 16%
and E =0 are presented in Table 5 and Figure 5.

The results show that the link margin decreases with
increase in the path length, d. On the other hand, the link
margin increases with increase in the spreading factor, from
SF =7 to SF =12. Hence, the link margin for the spreading

factor of 12 is highest at all the values of the link path
length.

The results of the link margin LM (dB) of SF = 7 for
PB=3%, 8 % and 16 % are presented in table 6 and Figure
6. Again, the results show that the link margin is highest for
the rural area with PB =3% and E =18.08 while the link
margin is smallest for the urban area with PB = 16% and E
=0.

Table 3 The results of the link margin, LM (dB) for PB =3% and E =18.08

JMESTN42354181

The Link Margin, LM (dB) for PB =3% and E =18.08
d (km) SF=7 SF=8 SF=9 SF=10 | SF=11 SF=12
1.6 40.5 43 455 48 50.5 53.5
2.7 32.7 35.2 37.7 40.2 42.7 45.7
3.8 27.6 30.1 32.6 35.1 37.6 40.6
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4.9 23.8 26.3 28.8 31.3 33.8 36.8
6 20.7 23.2 25.7 28.2 30.7 33.7
7.1 18.2 20.7 23.2 25.7 28.2 31.2
The Link Margin, LM (dB) for PB =3% and E =18.08
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Figure 3 The scatter plot of the link margin, LM (dB) for PB =3% and E =18.08

Table 4 The results of the link margin, LM (dB) for PB = 8% and E =7.43

The Link Margin, LM (dB) for PB = 8% and E =7.43
d (km) SF=7 SF=8 SF=9 SF=10 SF=11 SF=12
1.6 29.8 32.3 34.8 37.3 39.8 42.8
2.7 22 245 27 29.5 32 35
3.8 16.9 19.4 21.9 24.4 26.9 29.9
4.9 13.1 15.6 18.1 20.6 23.1 26.1
6 10.1 12.6 15.1 17.6 20.1 23.1
7.1 7.6 10.1 12.6 15.1 17.6 20.6
The Link Margin, LM (dB) for PB =8% and E =7.43
45
.40
m
S, 35
—e—SF=7
= 30
£ 25 —e—SF=8
eTo}
5 20 SF=9
=
= 15 —8— SF=10
310 —e— SF=11
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=
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0
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Figure 4 The scatter plot of the link margin, LM (dB) for PB = 8% and E =7.43
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Table 5 The results of the link margin, LM (dB) for PB = 16% and E =0

The Link Margin, LM (dB) for PB = 16% and E =0
d (km) SF=7 SF=8 SF=9 SF=10 | SF=11 | SF=12

1.6 22.3 24.8 27.3 29.8 323 35.3
2.7 14.5 17 19.5 22 24.5 27.5
3.8 9.4 11.9 14.4 16.9 19.4 22.4
4.9 5.6 8.1 10.6 13.1 15.6 18.6

6 2.6 5.1 7.6 10.1 12.6 15.6
7.1 -3 -0.5 2 45 7 10

The Link Margin, LM (dB) for PB =16% and E =0
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< 0
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Figure 5 The scatter plot of the link margin, LM (dB) for PB = 16% and E =0

Table 6 The results of the link margin LM (dB) of SF = 7 for PB=3%, 8 % and 16 %

The Link Margin LM (dB) of SF = 7 for for PB=3%, 8 % and 16 %
SF =7: The Link SF =7:The Link
d (km) SF = 7: The Link Margin, LM (dB) for PB | Margin, LM (dB) for | Margin, LM (dB) for
=3% and E =18.08 PB=8%and E PB=16% and E =0
=7.43
1.6 40.5 29.8 22.3
2.7 32.7 22 14.5
3.8 27.6 16.9 9.4
4.9 23.8 13.1 5.6
6 20.7 10.1 2.6
7.1 18.2 7.6 -3
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The Link Margin LM (dB) of SF = 7 for for PB=3%, 8 % and 16 %
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Figure 6 The scatter plot of the link margin, LM (dB) for PB=3%, 8 % and 16 %
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