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Abstract: In order to improve the traditional sign-off express inefficient, collar courier, 
management difficulties and other issues, the design of STM32-based intelligent 
courier cabinet. This design chooses STM32F103C8T6 as the main controller and 
AS608 as the fingerprint identification module. Through the design of hardware circuit 
and the writing of software programs, the intelligent access of express delivery is 
realized by using the fingerprint that human itself brings as the identification method. 
The experimental results show that the design meets the requirements, simplifies the 
sign-off process and enhances the user experience. 
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1. Introduction 
Nowadays, online shopping has become one of the most popular shopping ways in 
China. With the rapid development of e-commerce platforms such as Taobao and 
Jingdong, the competition of logistics industry represented by Shunfeng is increasingly 
fierce. Today, China's express business has ranked first in the world for four 
consecutive years. With the rapid development of express industry, the digestion 
ability of logistics terminal becomes more and more insufficient. Long waiting time and 
delivery time conflict seriously limit the efficiency of the whole logistics industry. The 
rapid growth of express business has given birth to intelligent express cabinet 
terminals. In 2010, China Post installed the first intelligent parcel delivery terminal, 
opening the curtain of domestic intelligent express cabinets. In 2012, a large number 
of enterprises entered the express cabinet market. In June 2015, with Shunfeng 
express as the representative, five express companies, including Zhongtong, Shentong, 
Yunda and pulos, jointly invested 500 million yuan to establish Fengchao technology, 
with short-term intranet points all over major cities in China. Nearly 10 years have 
passed since the first express cabinet came out. At present, the intelligent express 
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cabinet market is represented by e-commerce terminal intelligent express cabinets 
represented by Jingdong, Suning, etc.; express industry intelligent express cabinets 
represented by Fengchao and China Post; cloud cabinets, which are installed by 
third-party companies such as Shanghai Fuyou, are divided into three parts. More and 
more in residential areas, office buildings and other places. 
Although the express industry is expanding rapidly, many express delivery sign off 
points are not practical. Nowadays, the method of SMS verification or picking up code 
needs to manually verify the identity of the pick-up person, which leads to poor user 
experience due to low efficiency, and it is not surprising that the phenomenon of 
express delivery being falsely picked up due to management negligence. While users 
use express cabinets to pick up the goods also use SMS verification code, QR code and 
other methods, which are closely related to mobile phones and numbers. If the mobile 
phone forgets, does not have the electricity, the number stops to change the number 
or the information is obtained illegally, it will bring the security hidden danger and the 
use inconvenience to the user. Inspired by the fingerprint unlocking of smart phones, 
this paper proposes a new way to pick up the items, and designs a smart express 
cabinet based on fingerprint recognition to let users free from the mobile terminals. 
Using fingerprint identification, users can directly unlock the express cabinet through 
fingerprint to complete the pick-up. In consideration of the situation of finding 
someone to collect when busy in work and life, the SMS verification code function is 
retained. It can quickly prove the identity information of the person who takes the 
document, realize the high efficiency of taking the document, and optimize the user 
experience. 
 

2. Overall structural design 
As the core of the control, the function of hardware is not only to receive and process 
the collected fingerprint information, but also to connect and monitor, that is, to 
connect all parts of communication and monitor whether all parts work normally. The 
hardware mainly includes STM32 main controller and fingerprint identification module, 
LCD display, sensor module, communication module, relay and other additional 
peripherals to form the control system design, to complete the user fingerprint input, 
data communication and other functions. 
 

3. Component selection 
STM32 is a 32-bit microcontroller based on ARM core. It has 512k bytes of high-speed 
memory and 64K bytes of flash SRAM. It has a wide range of enhanced I / O ports and 
peripherals coupled to two APB buses. The chip also has programmable flash memory, 
the largest integrated reset circuit, voltage regulator, etc. It has the advantages of low 
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energy consumption, good performance, low cost and high cost performance. Each 
instruction executed by the MCU is driven by the pulse, and the pulse sent by the clock 
is generated by quartz crystal and oscillator. Crystal oscillator is a crystal piezoelectric 
element. It combines the internal circuit of the microcontroller to provide the most 
basic clock signal needed by the microcontroller. Almost all execution commands of the 
microcontroller depend on the clock frequency. The higher the clock frequency 
provided by the crystal oscillator, the faster the microcontroller will run. Using the 
circuit frame and parameter values in the figure, after connecting, the oscillator circuit 
will be able to generate accurate clock signal and send it to the central processor. In 
addition, two pieces of 20pF capacitors need to be connected. Figure 1 shows the 
crystal oscillator circuit of c8t6 single chip microcomputer. 
 

 
Figure 1 STM32 crystal oscillator circuit diagram 

As608 is the fingerprint algorithm chip designed in this paper, which has 32-bit 
processor core and built-in high-speed static random access memory. Thanks to the 
unique security design, the internal code and data security of the chip are greatly 
guaranteed, with the advantages of high recognition rate, fast speed, good adaptability 
of dry and wet fingers, large fingerprint acquisition capacity, and grouping 
management authority on demand. UART interface is used to communicate with 
equipment. The circuit is designed based on STM32 single chip microcomputer and 
displayed on LCD screen. It has the functions of inputting fingerprint and detecting 
fingerprint. 1 pin red wire: VCC, connected to 3.3V power supply. 2-pin yellow wire and 
3-pin white wire: respectively connected to TX end and Rx end of c8t6 single chip 
microcomputer serial port. 4-pin black wire: GND of 3.3V power supply. 5-pin blue wire: 
as 608 module sensor signal output, high level is to detect touch, need to connect VTI 
to 3.3V. 6-pin green wire: the induction circuit power supply of as608 module is 
connected in parallel with the red wire. The schematic diagram of fingerprint module is 
shown in Figure 2. 
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Figure 2 Schematic diagram of fingerprint module 

 
LCD1602 is a character LCD with low power consumption, small size and rich display. 
Through the efficient processing of STM32 processor, the functions can be executed 
orderly. The outstanding power consumption of LCD1602 in working state can directly 
use the positive 5V DC voltage for power supply. Use the direct control method to 
connect with the single-chip microcomputer, as shown in the circuit diagram in Figure 
3. The GPIO pin of c8t6 microprocessor is directly connected with the input and output 
pins of LCD1602 LCD screen. Pin en is connected to pc13, read-write switching pin RW 
is connected to pc14, instruction data pin is connected to PC15, eight parallel pins 
db0-db7 are connected to eight pins of PA port of single chip microcomputer. 
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Figure 3 Schematic Design of LCD circuit 

 
Tcrt5000 infrared reflection photoelectric sensor is used in the design of induction 
module. The sensor is composed of high emission infrared photodiode and high 
sensitivity phototransistor. The output signal is formed by Schmitt circuit, which is 
stable and reliable. It can be used to quickly identify the existence of objects without 
the influence of visible light, check the situation in the cabinet after each operation and 
check whether it is empty. The photodiode of the sensor continuously emits infrared 
light. If the infrared signal sent out is not reflected or the reflection intensity is not 
enough, the phototransistor is disconnected. At this time, the output of the module is 
low level, indicating that the diode is closed. If the detected object is in the sensing 
range, the infrared light will be reflected and the intensity is large enough, and the 
phototriode will be saturated. At this time, the output of the module is high level, and 
the indicator diode will be lit. The circuit schematic diagram is shown in Figure 4. 
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Figure 4 Schematic circuit of tcrt5000 sensor module 

 

 
Figure 5 RS-232 serial port circuit diagram of single chip microcomputer side 

 
GSM module is a functional module with independent operating system, GSM RF 
processing, baseband processing and providing standard interface. GSM network not 
only has better coverage and stability than 4G, but also 50K / S is enough to realize 
low-power information transmission. SMS, as a basic service of GSM network, does not 
occupy the data channel of voice communication, and has low cost, which is very 
attractive to developers. In this design, a dual frequency 900 / 1800MHz highly 
integrated GSM module TC35 from Siemens of Germany is selected, which can be seen 
in remote monitoring, wireless POS terminal and other fields. The connection between 
c8t6 MCU and TC35 is shown in Figure 5. TXD and RXD pins of single chip 
microcomputer are connected to RS-232 serial port of TC35 module through RS-232 
serial port, and then to rxd0 and txd0 pins of TC35. At this time, through two RS-232 
serial port circuits, TTL level of single chip microcomputer and COMS level of TC35 
module are converted into RS232 level, and then RXD and TXD of single chip 
microcomputer and txd0 and rxd0 of TC35 communicate with each other to connect 
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communication. Select the relay control cabinet door to open. Relay can realize 
long-distance communication, also can act as a switch, and this switch is not controlled 
by people, but uses current, which can effectively prevent malicious power failure and 
stealing express delivery. 
 

4. Summary 
The system software mainly consists of two parts, that is, user mode part and express 
management part. This mode is mainly used for the user to pick up pieces, complete 
the user fingerprint addition, package query and other functions. After entering add 
user settings, the fingerprint entered by the user has been verified many times. After 
passing, the processor records the information and saves the cloud. In consideration of 
special circumstances, such as fingerprint failure in rainy and snowy weather or other 
factors, the verification code verification mode is retained. If the fingerprint 
identification is not correct when picking up the piece, enter the step of entering the 
verification code as well. If one of the two modes is successful, the cabinet door can be 
opened to pick up the parts. The working mode of fingerprint module mainly includes 
four aspects: (1) fingerprint module is responsible for collecting fingerprint image. (2)  
The digital signal processor converts the collected fingerprint image into a digital signal. 
(3)  Microcontroller is the control unit of the whole system, which performs fingerprint 
verification and output instructions. (4)  LCD output fingerprint verification results. 
When the finger is placed in the recognition area, the fingerprint module collects the 
fingerprint image by the principle of specular reflection. The fingerprint image is 
transformed from digital signal processor to digital signal, and then the micro controller 
processes the digital signal together with the fingerprint in the fingerprint database to 
match, and gives the matching results. According to the hardware schematic diagram, 
after the hardware system construction and the system software writing burning 
simulation, the hardware of the whole system is completed with the idea of modular 
circuit design and production, and the physical circuit is built. It includes the minimum 
system circuit, as 608 fingerprint module and so on. 
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