




TABLE I.  COVERAGE MEASUREMENT RESULT 

Module Gain of 
Antenna(dB) 

Frequency
(MHz) SF BW 

(kHz) 
Range
(km) 

YL-800IL 6  
433 

9 

250 1.8 

500 1.5 

380 250 1 

YL-900IL 
5  

433 9 
250 1.4 

6  250 2.3 

TABLE II.  RESULT OF CASE 1 

Range 
(m) 

Number 
of 

Packet 
Loss 

Number 
of Total 
Packet 

Packet 
Loss 
Rate 

Average 
Speed of 
Sailboat 
(km/h) 

Max. 
Speed of 
Sailboat 
(km/h) 

< 400 13 3819 0.34% 20 37 

TABLE III.  PACKET LOSS RATE IN DIFFERENT ZONES 

Zone Average Distance to 
Gateway (m) 

Numb
er of 

Packet 
Loss 

Number 
of Total 
Packet 

Packet 
Loss 
Rate 

A 3284 712 1177 60.49% 

B 2309 7 116 6.03% 

C 2111 1 276 0.36% 

D 2157 0 88 0 

E 2953 105 302 34.77% 

B.! Test Case 2 
Gateway was fixed on the roof of 20 meters high building 

which was 1 km away from the beach. The gathering node was 
located on the moving sailboat along training route, and the 
antenna was 4 meters above sea level. The testing environment 
and the route of athlete’s sailboat are presented in Fig. 6. 

The gateway is marked with a yellow dot on the map, note 
that the path between gateway and gathering node includes 
lands and sea. There are tall building, trees, and hills on the 
land area and the waves are large on sea area. The 
measurement area can be divided into five fan-shaped zones 
depending on the topography and obstacles. Zone A has a lots 
of tall building with average height of 100 meters. Zone B, C, 
D have differences in geographical location, but the buildings 
are not tall and the landforms are mainly flat. A hill and a lot of 
tall buildings with average height of 80 meters exist in zone E.  

Table �� ��shows the average distance between gateway and 
gathering nodes and the packet loss rate of five zones 
respectively. The number of some zones are not sufficient due 
to the variable speed of sailboat along the real training route. 
Nonetheless, the results can also be useful to provide an insight 
into the performance of LoRa technology in our system.  

The results in Table �� ��show that packet loss rate in zone 
B, C, D are under 6%. The reason is that there are few 
obstacles in the transmission path in these zones. It also reveals 
that packet loss rate increases as the distance between gathering 

node and gateway increases, but not significantly (within 2300 
m range). In zone A and E, 60.49% and 34.77% packets were 
lost. The high rate of packet loss may be caused by blocking of 
the tall buildings in zone A and hills in zone E.  

The presented results show that Sailing Monitoring System 
based on LoRa technology works well in long range of over 2 
km, low power consumption, transmission reliability and good 
mobility. 

Meanwhile, the performance of LoRa technology inevitably 
are impacted by surrounding environment, including the 
buildings, trees and hills. Therefore, these factors should be 
taken into account when implementing LPWAN LoRa 
networks. 

 

Fig. 3. Architecture of Sailing Monitoring System 

 

Fig. 4. Gateway installed on the coach’s boat 

 

Fig. 5. Gathering node installed on the sailboat 
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Fig. 6. Testing environment and sailboat’s route 

IV. CONCLUSION 
Limited coverage and power consumption are the main 

shortcomings of the first generation Sailing Monitoring System 
with 3G technology. In order to address these problem, we 
apply LoRa technology to the system. The experiments about 
on-the-air transmission time and coverage of LoRa modules 
were done to analyze the performance of LoRa technology. 
The experiments verify that the transmission time on-air 
increases with the BW decreases or SF increases. The result 
about coverage shows that the smaller SF or greater BW can 
increase the range at the expense of an increase of delay and 
decrease of data rate. SF 7 and 125 kHz BW are used in our 
Sailing Monitoring System to meet the trade-off of data rate, 
coverage and link budget. The evaluation of our system was 
conducted in Rio sailing venue for two cases. The case 1 when 
gathering nodes and gateway were all on the water shows that 
LoRa technology in our system can have a good performance 
in mobility with 20 km/h average speed. The case 2 when 
gateway was fixed on the land and gathering nodes were on the 
water reveals that system with LoRa technology has a good 
performance in low power consumption, wide coverage and 
reliable transmission. The system has a low packet loss rate 
under 6% and long range of over 2 km in the flat zones. 

Meanwhile, LoRa technology is influenced by obstacles such 
as high buildings and trees, which lead to the high packet loss 
rate of over 34% in those zones with a lot of obstacles. 
Therefore, these factors should be taken into account when 
LPWAN LoRa network are implemented. 

In the future, we will focus on designing LoRa adaptive 
network to get the optimal performance. For example, the 
parameters of LoRa technology such as SF and BW can be 
changed automatically to improve the sensitivity, interference 
immunity and coverage when a lot of obstacles exist in the 
transmission path. 
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