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Abstract 

This paper puts forward the unmanned vending container of epidemic prevention, from 
which personal safety is ensured when people go out to buy vegetables, fruits and grains. 
Using the container can realize contactless, convenient shopping and real-time 
monitoring. The vending container, designed with STM32 processor as the core, applies 
weighing sensor HX711, temperature and humidity sensor SHT15, and wireless 
communication module HC-15 to achieve information collection and transmission.The 
software can display shopping information, equipment status and out-of-stock warning 
to ensure that the system is in good condition. 
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1. Introduction 

After the epidemic eased in 2020, people respond the national call of "avoid gathering in public 
places and reduce going out", being eager to ensure immediate access to vegetables, fruits, food, 
personal protection and safety. Therefore, in order to ensure the safety and necessity of 
people's purchase, the government call for "not necessary, don't go out" measures. However, 
because of the supermarket’s cumbersome purchase process, time-consuming and queuing 
payment model, they cannot avoid the contact among people. There exist serious security risks 
when consumers go out to buy vegetables. 

Therefore, unmanned vending container of epidemic prevention in community, integrating 4G 
communication, monitoring, control, and display functions, was designed in this paper, which 
can realize intelligent weighing and information transmission, including super multimedia, 
interactive experience, real-time monitoring of temperature, humidity, sales data, machine 
status, out of stock situation and remote feedback. The design greatly improves the safety of 
personal protection for purchasing fruits and vegetables and realizes an intelligent life.  

2. System Working Principle 

The whole system is divided into software system and hardware system. 

The hardware system, using STM32 as the core, is composed of HX711 weighing module, SHT15 
temperature and humidity detection module, storage module, SI4432 wireless communication 
module, monitoring module and so on. The system can collect weighing, temperature, humidity 
and other operating parameters and send them to the host computer software through SI4432. 

The software system is responsible for order management, commodity management, financial 
management, setting and other functions. Consumers or workers can login the system, sending 
the sales data, machine status, out of stock situation, fault information and other parameters to 
the software at any time. Software can display real-time monitoring status, deal with fault 
diagnosis and alarm and reduce the fault retention time. 
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Figure 1: System working principle diagram 

3. Hardware Design 

The hardware is divided into microcontroller module, weighing module, temperature and 
humidity detection module, wireless communication module, display module, data storage 
module and other modules.  

3.1. Microcontroller module  

The unmanned vending container uses STM32F103C8T6 as the CPU module. STM32F103C8 is 
a 32-bit flash microcontroller based on the ARM Cortex-M processor core. STM32F103C8T6 
integrates high performance, real-time, digital signal processing, low power consumption, low 
voltage and integration, maintaining high integration and easy development characteristics. 
The ECOPACK package makes STM32F103C8T6 more advantageous, which plays an important 
role in practical development, application and production. 

3.2. Weighing module 

The unmanned vending container uses HX711 as the weighing detection module. HX711 is a 
24-bit serial data bus A/D converter chip, specially designed for high-precision electronic scales. 

The chip integrates the peripheral circuits required by other chips of the same type, such as 
voltage stabilizer power supply, on-chip clock oscillator and so on. It has the advantages of high 
integration, fast response and strong anti-interference. The programmable gain of channel A is 
128 or 64, and the corresponding full differential input signal amplitude is ±20mV or ±40mV 
respectively. Channel B, with a fixed gain of 32, is used to detect the purchase weight of fruits 
and vegetables, residual weight feedback and system parameter detection. 
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Figure 2: Weighing module 

3.3. Temperature and humidity detection module 

The unmanned vending container uses SHT15 as the temperature and humidity acquisition 
module. SHT15 sensor has the advantages of small volume and high precision. 
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The SHT15 smart sensor integrates functions such as temperature and humidity sensing, signal 
conversion, A/D conversion and I2C bus interface into a single chip, providing two-wire digital 
serial interfaces SCK and DATA, supporting CRC transmission verification and measurement 
accuracy programmable adjustment and built-in A/D converter. The relative humidity 
measurement range is 0-100%. The resolution reaches 0.03%, and the best accuracy is 2%RH. 
The temperature measurement range is from -40℃ to 123.8℃, and the resolution is 0.1℃. The 
power supply voltage range is from +2.5 to +5.5V and the response time is less than 3s. Because 
SHT15 is a new type of intelligent sensor, it has the characteristics of no debugging and 
calibration, and almost no peripheral circuits. The main application is to detect the humidity 
and temperature inside the system and feed the data back to the CPU. 
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Figure 3: Temperature and humidity collection module 

3.4. Wireless communication module 

The unmanned vending container uses the HC-12 wireless module as the wireless 
communication module between the client and the container.SI4438 is a multi-channel 
embedded wireless data transmission module. 

The module's working frequency band is from 433.4 MHz to 473.0MHz, which can be set many 
channels with a step of 400-KHz. The maximum transmission power is 100mW, using an 
external antenna, whose communication distance can reach 1~2km. The module contains MCU, 
no additional programming required. In its various transparent transmission modes, only serial 
port of external MCU is needed to send and receive data. Correct configuration of the module’s 
working mode can ensure the accuracy of the transmitted data. 
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Figure 4: HC-12 communication module 

3.5. Display module 

The unmanned vending container uses LCD1602 as display module for real-time display of fruit 
and vegetable weight, shopping information, temperature, alarm information, and time 
information.  

The module displays real-time weighting, temperature and humidity data of current detection 
received by selling containers, and dynamically refreshes and circulates the display. Through 
the LCD module, people can know the operation of the whole system. 

3.6. Data storage module 

The data storage module of the vending container is composed of AT24CL64 chip.  

24CL64 is a structure with a capacity of 8,192×8 bits, high endurance read/write times (1e14 
times), 38 years of power-down data storage, no delay write operation, fast two-wire serial 
interface, bus frequency up to 1MHZ. EEPROM can be directly replaced on the hardware, 
supporting the previous 100kHz&400kHz clock frequency, low-power operation, used to store 
abnormal data and temperature and humidity alarm thresholds.  
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Figure 5: Display module 
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Figure 6: Data storage module 

4. Software Design 

4.1. Embedded software design 

The embedded program uses C programming language to achieve modular design, compiling 
and debugging in the Keil5 environment, and use the timing interrupt, nested sub-functions, 
STM32 function library to complete the program. The main flow chart is shown in Figure 7. 
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Figure 7: Software flow chart of embedded software 
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4.2. Mobile software design 

The mobile software based on serial communication is written in Python language, which is 
used to display the operation parameters, goods information and transaction details of the 
selling containers. From the software, people can set the alarm parameter threshold, in which 
the real-time alarm or out of stock alarm can prompt the operator to make the corresponding 
processing. At the same time, through the established database, secondary development and 
utilization, including connecting with the received cargo data, real-time query, collection and 
other functions, can be realized. 

5. Conclusion 

The proposal of unmanned vending container in the community aims to ensure the personal 
safety of people when they buy vegetables, fruits and food necessities during the period of 
epidemic relief. Meanwhile, it also hopes to provide a new selling idea for e-commerce 
vegetables and fruits distribution, greatly improving the safety and convenience of individual 
travel to buy vegetables and fruits. At present, intelligence is the development trend, providing 
high-end technology and service support. Through the cloud service leading management 
system, the easy management and operation of the mobile terminal can be realized. The 
unmanned vending container in the community is a new intelligent way of vending vegetables 
during the epidemic, which has great market prospects. 
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