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Figure 18. Number of times received between bus stops 

Figure 17 shows the result of the transmission time in pat-

tern 2. Figure 17 (a) shows the result with the disturbing 

wave, and Fig. 17 (b) shows the result without the jamming 

wave. If there is a carrier sense error, the transmission time 

will be longer because the carrier sense is repeated. It can be 

seen that the transmission time may increase in the presence 

of the interference wave shown in Fig. 17 (a). However, this 

result shows that the ratio is small and the increase in trans-

mission time is within the allowable time. From this result, 

it was confirmed that even if another system is using the 

same channel as the bus end device and a collision occurs, 

data can be transmitted within an acceptable time. It took 

less than 1 second from the time when the bus location in-

formation was obtained at the gateway until it was displayed 

on the WEB page. Figure 18 shows the number of times bus 

location information was successfully sent to the gateway 

between bus stops. The probability of successful location 

data transmission at least once between bus stops was 100% 

with jamming. 

5 CONCLUSION 

We are working on the development of a bus operation 

management system using LoRa. In recent years, there are 

many users in the 920MHz band, and stable system opera-

tion has become difficult. Therefore, in this paper, we have 

examined a method that enables stable communication even 

under such circumstances. In order to improve the accuracy 

of the system, we have created a method for multi-channel 

LoRa communication using TDMA for the bus location sys-

tem. We also created the channel hopping method. This 

makes it possible to handle changes in the communication 

environment over time.  We have confirmed the effect as a 

result of experiments in the room and the outdoor, so we 

explained the details. And we reported on the successful 

operation of the communication system and its effectiveness 

against communication interference. By adopting the pro-

posed method, we were able to improve QoS. It is predicted 

that the number and density of wireless ad hoc networks in 

the 920MHz band will continue to increase in the future. We 

plan to study a stronger communication method. 
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