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Abstract— In this paper, evaluation of LoRa-
transceiver transmission phase energy 
consumption for clustered sensor network is 
presented.  The transmitter phase of sensor node 
is the stage in the communication process at 
which the data is transmitted from the LoRa 
transceiver to the receiver which in a clustered 
network is the gateway or the cluster head. The 
transmitter power is derived from link power 
budget expression and the propagation loss, 𝑷𝑳𝒐𝒔𝒔 
is based on a modified free space model with path 
loss exponent n. The clustering was done using 
gap statistics for optimal number of cluster 
determination and then clustering using K-means 
algorithm with early centroid determination based-
on mean. The simulation was conducted with 
randomly distributed 2000 sensor nodes in an 
area of 3.5 km x 3.5 km. The Gap statistics method 
gave optimal number of clusters as 5 and the K-
means algorithm was then used to cluster the 
sensor nodes into 5 clusters. The results show 
that the overall Average Euclidian Distance (AED) 
of the sensor nodes in the network is 60.48 m, 
Cluster 1 has the highest AED with a value of 
652.27 m and the sensor node with the highest 
Maximum Euclidian Distance (SMxED) with a 
value of 1205.47 m. On the other hand, Cluster 5 
has the lowest mean AED with a value of 568.67 
m. Cluster 1 has the sensor node with the highest 
Transmitter Energy Consumption (TEC) with a 
value of 8738.5 mw or 39.4 dBm for SF of 12 and a 
value of 11225.8 mw or 40.5  dBm for SF of 12. 
Also, the overall Average Transmitter Energy 
Consumption (ATEC) of the sensor nodes in the 
network is 1447.8 mw or 31.6 dBm for SF of 12. In 
all, although the spreading factor, SF of 7 required 
higher transmitter power than the SF of 12, the 

energy consumption of SF of 12 is higher than 
that of the SF of 7 because of the higher 
transmission time required by the SF of 12.   

Keywords— Gap Statistics Technique, Lora-
Transceiver, Transmission Phase Energy 
Consumption, Clustering Algorithm, Sensor 
Network, Classical K-means Algorithm 

 
1. INTRODUCTION 

In recent years, there has been drastic rise in the 
adoption of smart technologies across the globe [1,2,3]. The 
smart technologies relies on robust wireless sensor 
technologies and artificial intelligence programs [4,5,6]. 
While many transceiver technologies exists for the wireless 
sensors, the Long Range low power (LoRa) transceiver 
technology has stood out as the most popular due to its 
numerous salient qualities [7,8]. 

Typically, LoRa has flexile adaptive data rate 
technology that enable it to guarantee different long 
distance transmissions at different data rates and with 
different power consumption rates [9,10]. Several studies 
have compared the LoRa range and energy consumption 
combinations and the conclusions have been that LoRa is 
efficient in the transmission energies in covering the 
required transmission range. As such, LoRa technology has 
been deployed in direct earth - to – satellite transmission 
[11,12,13]. Accordingly, this paper examines the energy 
consumption in LoRa transceiver during the data 
transmission phase, particularly when the LoRa transceiver 
is used in a clustered sensor network. The study is meant to 
understand the distribution of the sensor node energy 
consumption in each cluster and to identify the critical 
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cluster in the network. Such study will enable the network 
designer to select the appropriate LoRa transceiver 
parameters combinations that will guarantee the specified 
quality of service for a given minimum network lifespan 
when the sensors are powered using battery. 
 
2. METHODOLOGY  
The transmitter phase of sensor node is the stage in the 
communication process at which the data is transmitted 
from the LoRa transceiver to the receiver which in a 
clustered network is the gateway or the cluster head. The 
energy consumed in the transmitter phase (denoted as 𝐸௧௫) 
is given in terms of the transmitter power (𝑃௧௫ ) and the 
transmission time (𝑡௧௫).  

𝐸௧௫ ൌ  ሺ𝑃௧௫ሻሺ𝑡௧௫ሻ    (1) 
2.1 Determination of the LoRa transceiver transmission 
time, 𝑡௧௫ 
For LoRa transceiver, the transmission time is defined as 
the packet time on air, which is expressed analytically as 
follows [14,15]; 

𝑡௧௫ ൌ  ሺ𝑛  𝑛ୖ  4.25ሻ𝑇௦ (2) 

𝑛 ൌ  8  𝑚𝑎𝑥 ൭ቆ𝑐𝑒𝑖𝑙 ቂ
଼ିସௌிାଶ଼ାଵ ோିଶு

ସሺௌி ିଶாሻ
ቃ ሺ𝐶𝑅 

4ሻቇ , 0൱ 𝑇௦     (3) 

𝑇௦ ൌ
ଵ

ோೞ
 ൌ

ଶೄಷ

ௐ
              (4) 

𝑛ୖ indicates the packet preamble size in bytes ; SF 
indicates  the LoRa spreading factor; BW indicates the 

LoRa bandwidth parameter which has different options as 
125 KHz, 250 KHz or 500 KHz;  PL indicates the payload 
size in bytes; H indicates header flag where  H = 0 shows 
that  H is enabled and H = 1 shows that h is in disabled 

state; DE indicates low data rate optimization where DE = 1 
shows that DE is enabled and DE = 0 is for DE disabled 

state; CR indicates the forward error correction bit known 
as the coding rate which can take any 4 different values as 
CR 1, 2, 3, or 4 and CRC value is set at 1 for uplink and it 

is set at 0 for down link.  

2.2 Determination of the LoRa transceiver transmitter 
power, 𝑃 

The transmitter power is derived from link power budget 
expression with Lm as the required link margin, 𝑆ோ as 

the sensitivity of the LoRa transceiver, 𝑃௦௦  as the 
propagation loss while 𝐺௧௫ and 𝐺௫ are the antenna gain for 

the transmitter and receiver respectively. Then [16,17]; 

𝑃௧௫ ൌ 𝐿𝑀   𝑆ோ െ ሺ𝐺௧௫  𝐺௫ሻ  𝑃௦௦             (5) 
2.3 Determination of the propagation loss for the LoRa 
transceiver  

The propagation loss, 𝑃௦௦ is based on a modified free 
space model with path loss exponent n which is expressed 

as; 

𝑃௦௦  ൌ 32.45  10𝑛 𝐿𝑜𝑔ሺ𝑓ሻ  10 𝑛𝐿𝑜𝑔ሺ𝑑ሻ                 
(6) 

Where the signal frequency (f) is expressed in MHz while 
the transmission path length  ሺdሻ is expressed in km.  
2.4 Determination of the propagation loss for the LoRa 
transceiver  
Since the transmitter power is in dBm, the transmitter 
energy in milliwatt is given as; 

𝐸௧௫ሺ𝑚𝑊ሻ ൌ   ሺ𝑡௧௫ሻ ൬10ቀ
ುೣ
భబ ቁ൰    (7) 

𝐸௧௫ሺ𝑑𝐵𝑚ሻ ൌ  10 𝐿𝑜𝑔 ൫𝐸௧௫ሺ𝑚𝑊ሻ൯    (8) 

2.5 Determination of the transmission path length for 
the LoRa transceiver based on sensor node 
clustering 
The value of the transmission path length, d is obtained 

from the Euclidian distance computed from the clustered 
sensor nodes. The sensor nodes which are distributed 
randomly within the network area is clustered using the K-
means algorithm with early centroid determination based-
on mean and the procedure for clustering approach is given 
in Algorithm 1 [18].  

Also, in order to determine the number of clusters, 
k used in the clustering algorithm 1, the Gap Statistics 
method  (shown in flow diagram of Figure 1) is used to 
determine the optimal value of k. After the clustering, the 
various Euclidian distance parameters are computed. 
Consider each of the k clusters with the coordinates of the 

centroid of cluster j as ൫𝐶𝑥, 𝐶𝑦൯ and the coordinates of the 

cluster member, i in cluster j as ൫𝑥,, 𝑦,൯  where j = 

1,2,3,…,k and  i= 1,2,3,…,nj, where nj is the number of 
sensor nodes in cluster j. The Euclidian distance, 𝑑, of  

𝑥,, 𝑦,  from centroid 𝐶𝑥, 𝐶𝑦 is determined as; 

𝑑,  ൌ  ට൫𝐶𝑥, 𝐶𝑦൯
ଶ

 ൫𝑥,, 𝑦,൯
ଶ

        (9) 

Let 𝑑 denote the mean Euclidian distance of cluster 

members in cluster j, then; 

𝑑  ൌ ቀ
ଵ


ቁ ൫∑ ൫𝑑,൯

ୀ
ୀଵ ൯     (10) 

Let 𝑑 denote the mean Euclidian distance of cluster 

members in cluster j, then; 
Let 𝑑௩ denote the mean Euclidian distance of all the k 

clusters in the network, then; 

𝑑௩  ൌ ቀ
ଵ


ቁ ൫∑ ൫𝑑൯ୀ

ୀଵ ൯     (11) 

Let 𝑑௫ሺೕ,ሻ
 denote the maximum Euclidian distance of 

cluster member from its centroid in the network, then; 

𝑑௫ሺೕ,ሻ
ൌ 𝑚𝑎𝑥𝑖𝑚𝑢𝑚൫ 𝑑,൯ 𝑓𝑜𝑟 j ൌ  1,2,3, … , k and  i ൌ

 1,2,3, … , nj        (12) 
Let 𝑑௫ሺೕሻ

 denote the maximum mean Euclidian distance 

of cluster in the network, then; 

𝑑௫ሺೕሻ
ൌ 𝑚𝑎𝑥𝑖𝑚𝑢𝑚൫ 𝑑൯ 𝑓𝑜𝑟 j ൌ  1,2,3, … , k a        (13) 

Let 𝑑ሺೕሻ
 denote the minimum mean Euclidian distance of 

cluster in the network, then; 
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  Cluster 1  Cluster 2  Cluster 3  Cluster 4  Cluster 5  Min  Max  Average 

FSPL(dBm) at 
Maximum 

Distance (km) 
136.3  134.8  135.7  134.4  135.8  134.4  136.3  135.4 

FSPL(dBm) at 
Average Distance 

(km) 
128.289  127.255  128.115  126.774  126.495  126.495  128.289  127.405 

 
Based on the results of the path loss (in Table 3) and 
transmission time (in Table 2) the transmitter power and 
transmitter energy were computed. The results of the 
transmitter power at the minimum and maximum Euclidian 
distances of sensors within each of the 5 clusters are shown 
in Table 4. The results in Table 4 show that the overall 

Average Transmitter Power (ATP) of the sensor nodes in 
the network is 21.4 dBm for SF of 7 and 8.4 dBm for SF of 
12. Cluster 1 has the sensor node with the highest ATP with 
a value of 22.3 dBm for SF of 7 and a value of 9.3 dBm for 
SF of 12. 

 
Table 4 The results of the required transmitter power for the sensor node with the maximum Euclidian distance in each 

of the 5 clusters 

Cluster 1  Cluster 2  Cluster 3  Cluster 4  Cluster 5  Min  Max  Average 

SF 
PtX(dBm) 
at Maxi 
Dist. 

PtX(dBm) 
at Maxi 
Dist. 

PtX(dBm) 
at Maxi 
Dist. 

PtX(dBm) 
at Maxi 
Dist. 

PtX(dBm) 
at Maxi 
Dist. 

PtX(dBm) 
at Maxi 
Dist. 

PtX(dBm) 
at Maxi 
Dist. 

PtX(dBm) 
at Maxi 
Dist. 

12  9.3  7.8  8.7  7.4  8.8  7.4  9.3  8.4 

11  11.3  9.8  10.7  9.4  10.8  9.4  11.3  10.4 

10  13.3  11.8  12.7  11.4  12.8  11.4  13.3  12.4 

9  16.3  14.8  15.7  14.4  15.8  14.4  16.3  15.4 

8  19.3  17.8  18.7  17.4  18.8  17.4  19.3  18.4 

7  22.3  20.8  21.7  20.4  21.8  20.4  22.3  21.4 

 
The results of the transmitter energy consumption at the 
minimum and maximum Euclidian distances of sensors 
within each of the 5 clusters are shown in Table 5 and 
Table 6. The results in Table 5 and Table 6 show that 
Cluster 1 has the sensor node with the highest Transmitter 
Energy Consumption (TEC) with a value of 8738.5  mw  or 
39.4  dBm for SF of 12 and a value of 11225.8 mw  or  40.5  
dBm for SF of 12. 

The results of the transmitter energy consumption at the 
AED of each of the 5 clusters are shown in Table 7. The 
results in Table 7 show that the overall Average Transmitter 
Energy Consumption (ATEC) of the sensor nodes in the 
network is 1447.8 mw or 31.6 dBm for SF of 12. 
In all, although the spreading factor , SF of 7 required 
higher transmitter power than the SF of 12, the energy 
consumption of SF of 12 is higher than that of the SF of 7 
because of the higher transmission time required by the SF 
of 12.  

 
Table 5 The results of the transmitter energy consumption in mw for the sensor node with the maximum Euclidian 

distance in each of the 5 clusters 

Cluster 1  Cluster 2  Cluster 3  Cluster 4  Cluster 5  Min  Max  Average 

SF 
EtX(mw) 
at Maxi 
Dist. 

EtX(mw) 
at Maxi 
Dist. 

EtX(mw) 
at Maxi 
Dist. 

EtX(mw) 
at Maxi 
Dist. 

EtX(mw) 
at Maxi 
Dist. 

EtX(mw) 
at Maxi 
Dist. 

EtX(mw) 
at Maxi 
Dist. 

EtX(mw) 
at Maxi 
Dist. 

12  11225.8  7947.2  9777.2  7248.0  10005.0  7248.0  11225.8  9124.6 

11  8895.8  6297.8  7747.9  5743.6  7928.4  5743.6  8895.8  7230.8 

10  7049.5  4990.6  6139.8  4551.5  6282.8  4551.5  7049.5  5730.0 

9  7906.4  5597.3  6886.2  5104.8  7046.6  5104.8  7906.4  6426.6 

8  7887.7  5584.0  6869.9  5092.7  7029.9  5092.7  7887.7  6411.3 

7  8738.5  6186.4  7610.9  5642.0  7788.2  5642.0  8738.5  7102.9 

 
Table 6 The results of the transmitter energy consumption in dBm for the sensor node with the maximum Euclidian 

distance in each of the 5 clusters 
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Cluster 1  Cluster 2  Cluster 3  Cluster 4  Cluster 5  Min  Max  Average 

SF 
EtX(dBm) 
at Maxi 
Dist. 

EtX(dBm)  EtX(dBm)  EtX(dBm)  EtX(dBm)  EtX(dBm)  EtX(dBm)  EtX(dBm) 

12  40.5  39.0  39.9  38.6  40.0  38.6  40.5  39.6 

11  39.5  38.0  38.9  37.6  39.0  37.6  39.5  38.6 

10  38.5  37.0  37.9  36.6  38.0  36.6  38.5  37.6 

9  39.0  37.5  38.4  37.1  38.5  37.1  39.0  38.1 

8  39.0  37.5  38.4  37.1  38.5  37.1  39.0  38.1 

7  39.4  37.9  38.8  37.5  38.9  37.5  39.4  38.5 

 
Table 7 The results of the transmitter energy consumption in mw and in dBm for the mean Euclidian distance of the 

sensor nodes in each of the 5 clusters 

Cluster 1  Cluster 2  Cluster 3  Cluster 4  Cluster 5  Min  Max  Average 

SF 

EtX(mw) 
at Avg. 
Dist. Per 
Cluster 

EtX(mw) 
at Avg. 
Dist. Per 
Cluste 

EtX(mw) 
at Avg. 
Dist. Per 
Cluste 

EtX(mw) 
at Avg. 
Dist. Per 
Cluste 

EtX(mw) 
at Avg. 
Dist. Per 
Cluste 

EtX(mw) 
at Avg. 
Dist. Per 
Cluste 

EtX(mw) 
at Avg. 
Dist. Per 
Cluste 

EtX(mw) 
at Avg. 
Dist. Per 
Cluste 

12  1774.7  1398.7  1705.0  1252.0  1174.1  1174.1  1774.7  1447.8 

SF 

EtX(dBm) 
at Avg. 
Dist. Per 
Cluster 

EtX(dBm) 
at Avg. 
Dist. Per 
Cluster 

EtX(dBm) 
at Avg. 
Dist. Per 
Cluster 

EtX(dBm) 
at Avg. 
Dist. Per 
Cluster 

EtX(dBm) 
at Avg. 
Dist. Per 
Cluster 

EtX(dBm) 
at Avg. 
Dist. Per 
Cluster 

EtX(dBm) 
at Avg. 
Dist. Per 
Cluster 

EtX(dBm) 
at Avg. 
Dist. Per 
Cluster 

12  32.5  31.5  32.3  31.0  30.7  30.7  32.5  31.6 

 
4. CONCLUSION 
The examined the energy demand for the transmission of 
packets suing LoRa transceiver based sensor node in a 
clustered network. The study considered some factors that 
affect the energy consumption and they included the LoRa 
spreading factor, the path loss and the transmission time. 
The impact of path length was also examined by using the 
Euclidian distance of the clustered sensor modes. The 
sensor node with the Euclidian maximum distance in each 
cluster was considered along with the average the Euclidian 
maximum distance in each cluster. The clustering was done 
using gap statistics for optimal number of cluster 
determination and then clustering using K-means algorithm 
with early centroid determination based-on mean. 
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