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__________________________________________________________________________________________ 

 

Abstract: Electronic Display Labels are becoming more popular in the fields of paperless industry, 

intelligent warehouse management and etc. An industrial Electronic Display Label system is 

designed using Lora Technology for information acquisition and display. The results show that the 

RSSI value decreases logarithmically with the increment of communication distance. In complex 

environment, the communication effect is good when the communication distance is less than 364 

meters when the spreading factor of LoRa module is 8 and the signal transmitting power is 20dB. 

When the distance is more than 382 meters, the packet loss rate increases significantly. Barriers such 

as buildings have little influence on the communication effect. While, dense bushes have a much 

greater impact on the results, which leading to a serious packet loss rate. 
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__________________________________________________________________________________________ 

 

1. INTRODUCTION 

With the improvement of the intelligent level of the manufacturing industry, the demand of the 

technology about Internet of things (IoT), like information collection and information 

communication, is increasing rapidly. The electronic display label, which is a typical product of IoT, 

is suitable for industrial information display because of its low power consumption and convenient 

information management. It has been widely applied in industrial field, especially in the following 

applications, such as production line information, paperless application, industrial environment 

information monitoring and display, intelligent warehouse management and application[1-2]. 

Considering the requirements of mobility, the display content of the tags is often controlled by 

wireless communication. At present, the real time communication of electronic display label is 

mainly based on 2.4GHz[3], 433MHz[4] and infrared communication technology[5]. The 

communication technology using 2.4GHz unlicensed band is not suitable for industry applications, 

since the frequency of the signal is very high, the signal attenuation is significant and the transmission 
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distance is short. What’s more, same frequency interference is serious since the most used wireless 

communication technology, like WIFI, Bluetooth, Zigbee [4], are based on 2.4GHz. So, these 

technologies are not suitable for the application requirements which request high reliability. Infrared 

communication technology also has many shortcomings, such as poor diffraction ability, easily 

blocked by obstacles and so on. It is not suitable in complex industrial environment. In actual 

industrial applications, electronic display tags are mainly based on low frequency band Sub-GHz to 

develop network. Due to the low frequency, long wavelength, long communication distance, high 

diffraction ability, this kind of technology is suitable for complex industrial environment. But, the 

transmission speed is low. It will have a poor result when complex graphics, video and other large 

amounts of data content is transferred compared with other communication technology. If image 

compression method is used, this technology can well meet the application needs in monitoring the 

environment, displaying text information and other application scenarios. What’s more, 

communication protocols are not common used. Private communication protocols should be 

developed, which is difficult. The compatibility between each device is also poor. Among many 

communication technologies based on Sub-GHz, LoRa (Long Range) technology has obvious 

advantages [6,7]. The LoRa technology has been popularized by the LoRa alliance and a common 

communication protocol has been used. Different frequency bands can be used based on this 

technology. 433MHz is one of the popular frequency band. Now, it is mainly used in intelligent 

agriculture, smart city, intelligent public facilities and so on. But there are few applications in the 

industrial field. 

Due to the superiority of LoRa technology, a stable, reliable, low power and long distance electronic 

display label system is designed based on LoRa communication technology. The system can be used 

for information monitoring and display in industrial environment. In the premise of simple hardware 

construction, efficient and accurate information communication and display can be achieved. The 

system is optimized from two aspects of software and communication. At the same time, the 

influence of environment, distance and other factors on communication effect is studied, which 

provides guidance for the best application of the system. 

 

2. OVERALL DESIGN 

The specific design is provided in Fig. 1. 

Fig.1 System structure diagram 

The system consists of a server, a wireless base station and some electronic display tags system. The 

electronic display label system includes three functions: information collection, information display 

and low-power wireless communication. Considering the communication distance of LoRa 

technology and the system cost, star network structure is used to reduce the number of wireless base 

stations. A base station can cover a large factory area, and multiple base stations can cover a wider 
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range of area. The server is connected with the wireless base station through TCP/IP protocol to 

realize data communication. The wireless base station carries on the real-time bidirectional 

communication with the electronic display label system equipped with LoRa communication module 

through the LoRa protocol. The server can send information collection and information display 

instructions to the system, and also can acquire real-time production information such as temperature 

collected by the integrated sensor in the tag system.  

 

3. HARDWARE STRUCTURE DESIGN 

3.1 Electronic Display Label system 

The electronic display label can realize information collection, information display and wireless 

communication. The system consists of STM8 microcontroller, display screen, LoRa communication 

module, sensor module, output control port, button, power module and so on. The hardware structure 

of the system is shown in Fig. 2.  

 

 

Fig.2 Structure diagram of Electronic Display Label system 

Compared with the large amount of information processed by the wireless base station, the single 

node label system has simpler task processing and smaller amount of data to be processed. So STM8 

microcontroller with high performance, low price and stable reliability is selected. 

The display and output control port are working in unidirectional communicate mode with the 

microcontroller. The microcontroller can send information to both of the modules. But the display 

and output control port cannot send feedback information to the microcontroller. The display screen 

adopts the E-ink screen, which does not consume electricity during the display process. External 

power supply is only used when refreshing the display content. It has the characteristics of low power 

consumption, which can be supplied by button batteries. Two button batteries can be used to support 

the system to refresh 50000 times. Compared with bistable liquid crystal and other similar 

technologies, E-ink display has a good display effect and has great advantages in industrial 

applications. The output control port is mainly used to control the buzzer, vibration motor, warning 

lamp and other peripherals, for early warning. For example, the buzzer will send out a beep when the 

working temperature is out of range. 

The communication module is connected with the MCU and they can communicate with each other. 

LoRa SX1278 module is used as the communication module. This module can achieve long distance 

wireless communication and has strong anti-interference ability. 

In industrial applications, the working temperature and humidity range of some components are 

limited. It is necessary to monitor the temperature and humidity of the real time environment and 

make a timely warning. The sensors in the system mainly include temperature sensors and humidity 
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sensors. Tmp102 is used as temperature sensor. The sensor has the standby current which is less than 

1uA and it can achieve low power consumption. The working voltage range of 1.4V~3.6V, which can 

work with the battery power. The ultra-small volume, 1.7mm*1.7mm, can meet the application 

requirements of miniaturization. HIH-5030 sensor is used as he humidity sensor. The sensor has 

200uA low working current, and its working voltage is as low as 2.7V. It is very suitable for battery 

power supply system. When the external monitoring information changes, the sensor module will 

output the change of electrical signals. The signal line of the sensor is connected with the I/O port of 

the MCU to realize the bidirectional information interaction. 

In the industrial scene, the function of the key is to feed back to the background when the work 

instruction is completed. The key and MCU are worked in one-way connection mode. Information 

can only be sent by button to the MCU, and the MCU cannot control the key.      

        

3.2 Wireless base station 

The wireless base station is composed of STM32 microcontroller, TCP network module, LORA 

wireless module and power module. The system structure is shown in Fig. 3.       

       

Fig. 3 structure of information display system 

The wireless base station systems have to process the information from each node, which is 

complicated. Therefore, the STM32 microcontroller with ARM kernel is selected. These products 

have strong processing ability, stability and reliability, which is suitable for industrial application 

scenarios.   

           

4. SOFTWARE DESIGN   

The whole system consists of three parts, which are server background control software, wireless 

base station control software and electronic tag control software. Among them, the wireless base 

station software is the most important data node of the whole system. It is the core of connecting the 

server and the electronic display tag. The information collection, display and communication of the 

electronic display labels are carried out according to the instruction issued by the base station. The 

data of the server is collected through the wireless base station.             
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4.1 wireless base station software flow design   

The specific working process of the wireless base station software is shown in Fig. 4.             

Fig.4 Software flow chart of wireless station 

 

After starting, the STM32 MCU judges whether the server background has instructions. If there is no 

command, read the background instructions 2 seconds later. If the instructions are received, MCU 

analysis whether the instructions are information acquisition instructions or information display 

instructions. When the instruction is information acquisition instruction, MCU control wireless base 

station to send a wake-up command to tags. After information is sent, MCU reads the feedback signal 

from the electronic display label to determine whether the tag is wake up. If it is not wake up, repeat 

the process 2 second later. If it is wake up, MCU read the acquisition information. If there is feedback 

information, MCU will send signals to the server. If no feedback is received, then continue to read the 

information acquisition and feedback information. 

When the command is information display command, MCU will also control wireless base station to 

send a wake-up command. The label will send the feedback signal to determine whether the label is 

wake up. If it is not wake up, then sent a wake-up command again in an interval 2 seconds. If it is 

wake up, then send display and output contents. After sending, judge if the display system has 

received the information. If the information is received, then judge the information is display content 

or output contents and control the corresponding system. After the command is completed, MCU read 
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if there is a button-press signal. If there is signal, MCU will send the information to the base station 

through communication module. 

 

4.2 Electronic display label software design       

The design scheme of the electronic display tag system is shown in Fig.5. 

Fig.5 Software flow chart of Electronic Display Label system 

 

Firstly, the electronic display label is in a sleep state. When the Electronic Display Label system 

receives the wakeup instruction sent by the wireless base station, the label start the working state and 

determines the instruction type from the label. If the instruction received by the LoRa module of 

Electronic Display Label system is a sensor instruction, then the MCU controls the sensor to collect 

information. It will read the information from the I/O port and get the content collected by the sensor. 

The signal will be sent to the wireless base station through the communication module. If the 

Electronic Display Label system receives the display and output instructions sent by wireless base 

station, MCU will determine the information is display or output instruction. If the command is to 

display, then compress the contents, and drive the display. If the command is output, then send 

information to the corresponding extended port I/O port to drive the corresponding device. After 

completing the corresponding action, the MCU reads the key confirmation information, and sends the 

information through the communication module to the wireless base station.     

        

5. PERFORMANCE TEST AND ANALYSIS  

In this paper, the performance of electronic display label system is evaluated by communication 

performance test.   RSSI value and packet loss rate are the main evaluation indexes of communication 

performance. In this paper, the two indicators are tested and the impact of the environment on the 

results of the test is considered. The spread spectrum factor of LoRa is set to 8, and the maximum 
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transmit power of LoRa SX1278 is 20db. In the process of testing, realistic scene is simulated and 

buildings, bushes and other obstacles are included. Fig. 6 shows the results of the test at different test 

distances. Communication effect is tested at different distances 

 

 

Fig.6 Communication effect diagram at different distances 

 

It can be seen from the diagram that the relationship between RSSI value and signal transmission 

distance D decreases logarithmically. The relationship is shown in formula (1) are shown. The 

goodness of fit R2 is 0.9692, and the fitting effect is better.    

         RSSI=-13.8 ln D+1.0545            R2=0.9692                           (1) 

The packet loss rate is 0% in less than 292 meters. At the A point (292 meters), there is an obvious 

loss rate. However, the loss rate dropped to 0% between 292 and 364 meters, which means that the 

main cause of the obvious packet loss rate is not the transmission distance. Compared with other 

locations, the location of the site is densely covered with dense bushes. Therefore, the reason for the 

increase of packet loss rate is the obstruction of bushes. When the distance is more than 382 meters, 

the packet loss rate increases with increasing distance, which means the effect of distance increased 

significantly. Throughout the whole test, buildings and sparse trees were always present. But they had 

little effect on the test results.  

 

6. CONCLUSION           

Based on LoRa communication technology, this paper designs an information collection and display 

system used in industrial scene. Considering the factors such as power consumption, communication 

distance, bit rate and so on, the optimization design software and communication optimization design 

of the system are carried out. When the spread spectrum factor is 8 and the signal transmitting power 

is 20dB, the RSSI value decreases logarithmically with the increase of the communication distance. 

When communication distance is not more than 364 meters, communication effect is good. The scope 

of communication can cover a radius of 364 meters and an area of 416 thousand square meters of the 

factory area. When the distance is more than 382 meters, the packet loss rate increased significantly. 

Buildings and other obstacles have little effect on communication effect, and dense bushes have great 

influence on the results. In practical application, attention should be paid to avoid this influence.  
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