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Abstract 

To improve the efficiency of airport baggage check, reduce passenger airport retention 
time, reduce the flight delay rate, with the airport baggage processing system as the 
research object, put forward the concept of airport baggage automatic carrier, the 
automatic baggage carrier of passenger luggage from the airport consignment to a single 
channel of automated transport, save up to 6 times of manual handling. By designing the 
structure of the airport baggage transport system, analyzing the mechanical structure, 
power transmission system, and control principle of the airport automatic baggage 
carrier, the calculation results found that the automated shipping system saves more 
than 60% compared with the manual loading process, reduces the transfer time of 
luggage on different carrier tools by 50%, which can effectively shorten the time of 
passengers entering and leaving the port, avoid the loss of luggage and reduce the 
damage of luggage. It can be seen that the proposed automatic baggage carrier can 
reduce the total delay cost while taking into account the convenience of passenger travel 
experience and is an effective method to solve the low efficiency of manual baggage 
handling and the long detention time of passengers in the airport. 
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1. Introduction 

In recent years, China's civil aviation transport industry has developed rapidly. Its scale has 
ranked second globally, becoming the world's most significant civil aviation power after the 
United States[1,2]. With the increase of domestic civil aviation airports and air routes, civil 
aviation has become one of the main modes of public travel[3,4]; Air passenger transport then 
became the top priority of air transport[5]. Due to safety and aircraft cabin space restrictions, 
aviation passenger luggage needs to be checked. The handling and transportation of checked 
baggage lead to the reduction of airport operation efficiency and passenger retention 
phenomenon[6]。 

In foreign countries, to optimize the baggage handling system, qualitative analysis [7,8,9] and 
system process optimization [10] are the main researches. The current research focuses on 
baggage identification and detection [11] and the hardware facilities of each link in the process. 
Assign [12] and schedule [13,14].The domestic baggage handling system started late[15]. The 
existing system is mainly self-checked from the baggage[16,17], Luggage identification and 
detection[18], operation and management mode[19]. Optimization of baggage handling 
process[20]And optimizing checked flat cars[21,22]Handling robots and other aspects of the 
research can improve the efficiency of baggage checking to a certain extent. 

In terms of baggage transfer vehicle design, there are few publicly published literature records 
on the design and discussion of automatic transport vehicles at home and abroad in order to 
solve the problems of slow speed, low efficiency, and high labor cost of the existing baggage 
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transfer mode, an automatically checked baggage carrier is designed for the airport 
environment to design the specific structure and hydraulic system of the multiple degrees of 
freedom of the tail plate. The hierarchical area allocation of the carriage and the intelligent 
sensing device in each area can not only maximize the utilization of the carriage space but also 
dynamically coordinate the independent operation of each conveyor belt inside the carriage 
according to the luggage storage and realize the automatic luggage allocation and storage into 
the car space. Optimize the power transmission system and the control principle, and use the 
controller to control each sub-unit jointly. Through calculation and analysis, the automatic 
luggage carriers can carry out luggage transportation continuously, reduce the handling 
volume of workers, and reduce the luggage loss rate and damage rate.  

2. The Overall System Architecture of the Automatic Baggage Transport 
Vehicle 

The annual passenger throughput data of global airports released by the International Air 
Transport Association shows that the passenger transport volume of the air transport industry 
increased significantly, and the global aviation passenger transport volume showed a steady 
growth trend[23]. However, due to the low efficiency of the airport's baggage handling system, 
the phenomenon of people and other baggage is widespread. While consuming a lot of human 
resources, the rate of baggage damage has also increased simultaneously, leading to a decline 
in the quality of airport services. The investigation found that the current baggage handling 
system at domestic and foreign airports does not involve the automatic baggage transfer 
module. The truck involved in this article is specifically optimized for this process. 

This design is mainly developed to improve the efficiency of airport baggage transfer. It 
integrates the existing luggage carrier with the manual handling of checked luggage at the 
airport. Only one driver of the carrier can complete the entire loading and unloading process of 
checked luggage. The overall system structure of the design mainly includes the automatic 
lifting tail plate and the intelligent carrying carriage, in which the automatic lifting tail plate is 
installed at the rear of the carriage, and there is a sub-conveyor belt set up in the carriage to 
realize the transportation inside the carriage. The system architecture diagram is shown in 
Figure 1. 

 

 
Figure 1. Schematic diagram of the automatic transport vehicle system for checked baggage at 

the airport 

Intelligent carriage; 2. Automatic lifting and lifting tail plate; 
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3. Structural Design of Automatic Baggage Carrier Vehicle 

The automatic luggage carrier is mainly composed of intelligent transportation and an 
automatic lifting tailgate. The intellectual page is divided into three upper and lower layers. 
Each layer is equipped with a corresponding intelligent sensor device, mainly to store luggage 
in the corresponding space in the compartment safely. The automatic lifting tail plate is 
primarily composed of a power device, high-profile device, and guiding device that can be 
checked baggage to the luggage car at any entrance. The design can save the operating cost of 
the airport, improve the overall efficiency of the airport, significantly improve the coherence of 
luggage transportation, further realize the " Luggage waiting for people," effectively alleviate 
the retention problem of passengers, and eliminate the baggage damage caused by human and 
environmental factors.  

3.1. Design Principles of Intelligent Carriage Carriage  

The intelligent carrier carriage mainly consists of a transmission device, an intelligent sensing 
device, a power transmission device, a motor, etc., as shown in Figure 2.below. 

 
Figure 2. Schematic structure diagram of intelligent carriage carriage 

3. Conveyor device; 4. Intelligent induction device; 5. Motor; 6. Power transmission device.  

 

Airport checked baggage specifications[24]As shown in Table 1 below, the carriage is divided 
into three upper, middle, and lower layers according to the maximum luggage specifications to 
maximize the space utilization and reduce the extrusion collision between the luggage. 

Table 1: Standard baggage specifications 

Specifications 
Length 
(mm) 

Width 
(mm) 

Hight 
(mm) 

Weight 
(k g) 

Remark 

Maximum 

1000 400 600 50 
Manual sorting baggage 

system standard baggage 
size 

900 500 750 50 
Automatic sorting baggage 
system standard baggage 

size 

Minimum 250 100 200 2  

Note: The sum of the three-side dimensions of the luggage shall not exceed 1,580 mm 

The conveying device uses a motor as an external power source. The main shaft drives the 
driving roller to rotate, thereby further driving the driven roller to run, which is used to realize 
the transportation of luggage inside the carriage; the intelligent induction device is mainly 
composed of the electromagnetic clutch, photoelectric sensor, controlling the start and stop of 
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the conveyor belt device. The design of the intelligent carrier carriage can save a lot of 
workforces and realize the automatic storage function of luggage. 

3.2. Design of Automatic Lifting Tail Plate Device 

The basic structure of the lifting tail plate of the airport baggage automatic carrier designed in 
Figure 3 is mainly composed of carriage frame, tail plate frame, including chute, slider, including 
high-profile gear, hydraulic cylinder, and hydraulic device. 

To improve the efficiency of airport baggage check, reduce passenger airport retention time, 
reduce the flight delay rate, with the airport baggage processing system as the research object, 
put forward the concept of airport baggage automatic carrier, the automatic baggage carrier of 
passenger luggage from the airport consignment to a single channel of automated transport, 
save up to 6 times of manual handling. By designing the structure of the airport baggage 
transport system, analyzing the mechanical structure, power transmission system, and control 
principle of the airport automatic baggage carrier, the calculation results found that the 
automated shipping system saves more than 60% compared with the manual loading process, 
reduces the transfer time of luggage on different carrier tools by 50%, luggage transfer, a 
photoelectric sensor is used for luggage detection, and the angle sensor is used to transfer the 
detection results to the central controller of the system for data processing. Then a control 
instruction is issued to control the actuators such as the tail plate conveyor belt and the 
hydraulic device for action. 

 
Figure 3. Schematic diagram of automatic lifting hoarding structure 

7. Carriage frame; 8. Chute; 9. Sliding block; 10. Rotating shaft; 11. Chain rope; 12. Hydraulic 
cylinder; 13. Hoarding frame; 14. Tail plate conveyor belt; 15. Baffle plate; 16. Hydraulic 

cylinder; 17. Rollerball; 18. Roller wheel. 

In the entire tail plate structure, the high-profile device and the reversing device are the unique 
designs of this article. As shown in Figure 3, the high-profile device is mainly composed of 
hydraulic machines, sliders, chain ropes, etc., using angular velocity sensors to obtain angular 
displacement and then obtain hydraulic pressure. The telescopic displacement of the cylinder 
effectively realizes the control of the height of the tail plate, and the reversing device is mainly 
composed of a hydraulic device, a baffle, and a rotating shaft. Balls are arranged on the side of 
the baffle device to reduce the friction between the luggage and the baffle—function to control 
the direction of baggage delivery. In the initial state of operation, the tailgate is flush with the 
middle conveyor belt of the carriage, and the flexible docking between the conveyor belts of 
different heights and different angles can be realized by adjusting the vertical height and 
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horizontal angle of the tailgate device. Finally, the baffle oscillates to the left and right to 
orientate the luggage on the sub-conveyor belt. When the consignment vehicle moves, the tail 
plate rises to the highest level and then rotates through the shaft to fold the tail plate at the rear 
of the carriage. 

4. Design and Control Principle of the Power System of an Automatic 
Luggage Carrier 

4.1. Design Principle of the Power Transmission Route  

A motor is installed on the car. Each layer of the front of the vehicle is equipped with the main 
shaft. The engine can drive the three main shafts to rotate in the same direction through a chain 
or belt device. Bearings connect the conveyor belt of each layer and its main shaft. An 
electromagnetic clutch is installed between the roller and the main shaft, and an 
electromagnetic clutch device and a light sensor are used to control the start and stop of each 
conveyor belt. 

 

                  
(a)                                                                            (b) 

Figure 4. Schematic diagram of the transmission between the three layers of the intelligent 
carrier carriag 

19. Transfer belt; 20. active roller; 21. slave roller; 22. transmission spindle; 23. main shaft 
motor; 24. Sprocket device; 25. electromagnetic clutch; 26. end photoelectric sensor; 27. First 

end photoelectric sensor. 

 

4.2. Control Principle of Automatic Baggage Car System 

The flow diagram of the automatic baggage carrier system is shown in Figure 5. The whole 
system uses a controller to control each subsystem unit to realize automatic loading and 
unloading, storage protection, and status monitoring. The controller first sends a signal, make 
the motor start, the tail plate conveyor belt begins to work normally, the tail plate lifting 
hydraulic cylinder and baffle to the hydraulic cylinder according to the controller, tail plate up 
and down and tilt with each other, swing the baffle, accurately make the luggage at the rear 
entrance, at this time, each part of the photoelectric sensors and electromagnetic clutch began 
to work and transmit the corresponding signal to each conveyor belt, to control the start and 
stop, luggage safely arrive and stored in the corresponding space. 
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Figure 5. Control flow chart of airport checked baggage automatic carrier vehicle system 

5. Analysis of the Working Efficiency of the Automatic Luggage Cart 

The transmission speed of this design is mainly determined by the conveyor belt's specific 
operation speed, and the transmission belt's operation speed is controlled by the rotational 
speed of its active roller. According to the relevant requirements of the CAAC airport equipment 
manual, the transmission belt speed of the baggage transmission equipment shall be less than 
or equal to 1.7 meters per second[25], The active roller of the conveyor belt for the baggage 
carrier is 10 cm in diameter, and its speed is set to 191 r/s. 

60

nD
v


                                                                            (1) 

Where v represents the running speed of the conveyor belt, n represents the rotational speed 
of the active belt roller, and D represents the diameter of the active belt roller. Therefore, 
calculated by the formula (1), the running speed of the conveyor belt is 1m/s, which meets the 
requirements of the equipment manual. Reference to the maximum length of checked luggage 
is 1m, which means that the number of luggage transported per minute is about 60 pieces, and 
only the driver of the truck can complete the entire luggage loading and unloading process; 
while the traditional handling method carries 15 pieces of luggage per minute Left and right, 
and at least two people are required to work together. 
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Table 2: Comparison of various items between airport checked baggage automatic transport 
vehicles and traditional transport methods 

Project comparison 
Airport Checked Baggage 

Automatic Carriage Vehicle 
Airport traditional 
handling method 

Number of staff required 
Only the driver of the truck is 

required 
At least two people 

Time required to transfer 
120 pieces of luggage 

2 minute 8 minute 

Damage rate of checked 
baggage 

Almost 0 High breakage rate 

Baggage loss rate Almost 0 The high baggage loss rate 

Passenger waiting for 
baggage status 

The four-time handling time has 
been reduced by more than 20 

minutes, further moving towards 
the phenomenon of "baggage 

waiting for people." 

The phenomenon of 
"people waiting for 

luggage" is widespread 

 

Generally, the working hours of baggage handlers at large airports are 16 hours. In case of 
exceptional circumstances such as aircraft delays, the working time can reach 24 hours. During 
peak passenger traffic, an average of nearly 10 tons of luggage is carried every day, nearly 3,000 
times of bending and luggage loading and unloading. Luggage loading and unloading personnel 
consume a huge labor force, resulting in slow loading and unloading speed and low efficiency, 
which often causes passengers to be stranded, resulting in a poor travel experience for 
passengers. 

Airport checked baggage automatic transport vehicles will make up for the shortcomings of 
existing transportation methods, effectively alleviate the phenomenon of "people waiting for 
baggage" after passengers disembark, reduce the detention time of departing passengers, avoid 
manual transportation and environmental (rainy and snowy) factors Cause luggage wear, 
cracking, loss, dampness, and other problems, fundamentally reduce workers' labor, increase 
luggage carrying speed, reduce airport operating costs, optimize airport service quality, and 
enhance passengers' travel experience. It is an "unmanned airport." "Provide the equipment 
foundation. 

6. Conclusion 

According to the low efficiency and high labor cost of the existing airport checked baggage 
system, and using a combination of structural design and theoretical analysis, an unmanned 
and efficient intelligent airport checked baggage transfer vehicle is designed, and the specific 
conclusions are as follows: 

1. According to the characteristics of baggage transfer, the overall system architecture of the 
automatic baggage carrier is proposed, the structure of the automatic baggage carrier is 
determined, and the function of each component is rationally designed to avoid the loss and 
damage rate of baggage, and realize the automatic uncrewed transportation of baggage after 
check-in, and Improve the efficiency of luggage transportation; 

2. The transmission and control system of the automatic baggage carrier system is designed to 
coordinate each system component's coordination and power transmission during load and 
loading and coordinate the transfer of luggage between different systems. The system is flexible 
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to operate and simple maintenance; only the carrier driver can complete the whole baggage 
handling process; 

3. The comparative analysis between the automatic baggage handling system and the 
traditional working mode confirmed the efficiency and economy of the system, explained the 
rationality of the theoretical model, and laid the hardware foundation for the whole process 
tracking of checked baggage. 
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