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Abstract 
The new unmanned mine transport vehicle is of great significance for the establishment 
of efficient and modern mine transport industry. According to the experience of many 
mine auxiliary transportation systems at home and abroad, this multifunctional 
transport vehicle is powered by new energy or diesel engine to meet the transportation 
requirements of materials and equipment of different tonnage. The transport vehicle 
can intelligently identify routes, has the function of self-unloading, and can use the 
positioning planning routes and obstacles to make judgments and corresponding 
execution actions for remote sensing control. Based on the Internet of Things control 
technology and Beidou positioning system, it can realize accurate mineral 
transportation, realize intelligent, unmanned, automatic and safe transportation, and 
fundamentally solve the problem of personnel safety management. The transport 
vehicle integrates information intelligence such as intelligent perception, ubiquitous 
connection, real-time analysis and precise control, and is mainly dedicated to unmanned, 
automatic, intelligent, safe and efficient industrial high-risk transport industries such as 
mines and steel mills.Intelligent transport vehicles, through the application of modern 
communication, sensors, Internet of Things, big data and other information technologies, 
can accurately collect many key elements in production, operation and management, 
such as people, machines, objects, environment, management, etc., and accurately 
describe the internal causes and effects of various phenomena inside and outside the 
large-scale system, so as to upgrade the traditional empirical knowledge to quantitative 
regular knowledge, and then make scientific decisions to control the large-scale system 
according to the quantitative data and rules combined with the actual business 
characteristics. 
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1. Introduction 

"According to the 2020 Annual Report of Coal Industry Development issued by China Coal Industry 
Association in March 2021, by the end of the 14th Five-Year Plan, the number of coal mines in China 
was about 4,000, and the number of intelligent production coal mines was over 1,000 ". The market 
size of mine operation services exceeds hundreds of billions of yuan, and this data will increase in 
the future. The unmanned mine market is huge and has a wide application prospect. The new 
unmanned mine transport vehicle not only saves the labor cost, but also improves the safety and 
production efficiency of mine vehicles and personnel. It organically combines with mine dispatching 
management, equipment management and becomes an important part of digital mine, providing the 
basis for production organization and decision-making.  
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In 2020, the interest of new infrastructure and other hot words brought the traditional mining and 
transportation industry into the public's field of vision. The new unmanned mine transporter integrates 
the green mining technology of open-pit coal mine with many disciplines such as computer, 
environmental engineering, ecology, etc., and provides scientific support for the implementation of 
green unmanned transportation technology in open-pit coal mines in the future. Over the past decades, 
the development of information science and technology has advanced by leaps and bounds, and a 
series of significant achievements have been made in the technical fields of Internet of Things 
communication, data processing, high-precision positioning technology and related electronic 
software application science. In this process, the mining field has been continuously cross-integrated 
with network communication, high-precision positioning, big data cloud computing, artificial 
intelligence and automatic control technologies, such as digital mine, perceived mine, mine Internet 
of Things, internet plus mine, integration of mine and industry 4.0+ mine, which have appeared in 
recent 20 years. that is, the extensive decision-making control driven by experience in mine 
production, management and management in the past has been changed into the refined decision-
making control driven by data, thus improving the decision-making and control ability of human 
beings for complex large-scale systems. 

2. Overview of New Unmanned Mine Transportation Industry 

2.1 Overview of Unmanned Mine Transportation Industry 

New unmanned mine transportation has become a new goal pursued by modern intelligent mine 
development. The unmanned mine transport vehicle is the pioneer and focus of unmanned mine 
upgrading. In the mining process of large-scale open-pit mine, with the increase of mining scale, 
depth, slope and curves, it is more difficult for vehicles to drive, and harmful gases and dust in the 
mining area seriously affect the physical and mental safety of drivers . The difficulty of production 
and transportation in the mine continues to increase, and unmanned transportation in the mine area is 
an effective way to achieve safe production, reduce manual operation, reduce the use cost of transport 
vehicles, and improve operational efficiency. 

2.2 New Unmanned Mine Transportation Industry Background 

At present, there are many problems in the production process of open-pit mines, such as poor 
working environment, large blind spots of trucks, weak safety awareness of personnel, fatigue driving, 
aging of drivers, improper operation of personnel, etc., which lead to various safety problems 
constantly occurring, causing serious casualties and equipment losses, and greatly affecting the mine 
safety production. Among them, the highest frequency is vehicle transportation safety accidents, of 
which human factors account for more than 90%. With the gradual development of 5G+, Beidou 
positioning system, mechanical intelligence, big data cloud computing, Internet of Things and other 
high-tech technologies, intelligent open-pit mines have become the development trend of safe and 
efficient open-pit mines, and driverless technology is the essential element to realize intelligent 
mines.Therefore, the study of the new unmanned mine transport vehicle has become a key link to 
realize the construction of intelligent open-pit mine. Its successful construction can fundamentally 
solve the problem of personnel safety management, and realize the "few people are safe, no one is 
safe". 

2.3 Difference between New Unmanned Mine Transport and Traditional Transport 

(1) Technical complexity 

The fields of mine and computer science and technology, Internet of Things remote control and 
information transmission technology, electronic communication and automatic control technology 
constantly cross and merge, making new concepts constantly emerge, such as: digital mine, intelligent 
mine, internet plus mine, cyber-physical systems mine and so on. In the past, the extensive decision-
making control of mine production, management and operation driven by experience has been 
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changed into the refined decision-making control driven by data, so as to improve the decision-
making and control ability of complex and dangerous working environment.  

(2) Professional service 

The new unmanned mine transport vehicle mainly serves high-risk transport industries with complex 
environments such as mines, and its products work in harsh environment and complex terrain. 
Therefore, the stability, environmental adaptability, low power consumption and safety of transport 
vehicles must be highly professional. 

(3) Highly technology and knowledge intensive 

1) Information Angle 

The essence of the intelligent upgrade of the transport vehicle in the mine is to construct the basic 
process and means of information acquisition, transmission, processing, transformation and 
processing through digital technology, accurately quantify the traditional extensive information, and 
greatly reduce the uncertainty of many business systems such as mine man-made safety accidents, 
mine engineering production organization and management, mine equipment maintenance and 
inspection, mine safety management, mine management and so on. 

2) System angle 

The essence of the intelligent upgrading of mine haulers is to quantitatively describe the internal 
mechanism of mining system and the state evolution of mineral transportation process through 
scientific and systematic analysis methods, which improves people's cognitive level of the internal 
characteristics, technical level and mechanical structure of traditional haulers and new haulers, such 
as structure, level, elements and functions, so as to carry out technical transformation of new 
unmanned haulers more scientifically. 

3) Control angle 

The essence of intelligent upgrading of transport vehicles in mines is based on sufficient information 
of mine production, management and operation, as well as all-round technical upgrading of safety, 
low power consumption, accuracy, high efficiency and stability of transport vehicles, so that the 
transport industry chain can be stably maintained in a predetermined state of "high efficiency, safety, 
environmental protection and sustainability". At the same time of "digitalization" construction of 
open-pit mine, the mature automatic control technology is gradually used to upgrade the production, 
management and operation related systems and equipment of open-pit mine, and the basic processes 
and means of information analysis, processing, decision-making and execution are focused on. 

3. Development Status of New Unmanned Mine Transportation Industry 

3.1 Domestic Status Quo 

"China's society is in the middle and late period of industrialization reform, the period of urbanization 
development, and the critical period of industrial transformation and upgrading. The development of 
traditional mining companies towards intelligent and chemical mining is remarkable. Innovate the 
field of intelligent mines on the basis of traditional mining industry, so that traditional mining industry 
can ride the "east wind" of high technology and enter a brand-new development stage ". "The 
development of unmanned operation in mining areas must conform to the basic national conditions 
of China, which is rich in coal and poor in oil and gas, and the energy structure dominated by coal is 
difficult to fundamentally change in a short time". Therefore, the exploration of intelligent open-pit 
mines in China must first meet the needs of national conditions, not only to improve production 
efficiency and intelligent construction, but also to ensure the safe, reliable and stable supply of energy 
in China during the construction process.  

In 2019, after the United States and Japan, China became the third country in the world with new 
unmanned mine technology, which also marked the first commercial year of unmanned mine 
transport vehicles in China. 
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In August, 2018, Baiyun Obo Iron Mine upgraded a mining truck MT-3600B of North Company, and 
upgraded the traditional mine car to a new mine car with unmanned driving.Take the first step of 
unmanned mine cars in China. 

3.2 Current Situation Abroad 

The research on foreign mining unmanned trucks started as early as 1970s. At present, there are six 
harvesters in the world for manufacturers to study unmanned mine transport vehicles. The unmanned 
mine transport vehicle based on dynamic transport system developed by Komatsu has been running 
in Australia and Chile for many years.   

In the late 1980s, Carter Company successfully developed the world's first automatic mining truck, 
and in 1996, it developed the first unmanned truck. In 2008, Carter developed the 793F driverless 
truck.  In 1996, Komatsu Company successfully developed the first unmanned mine transport truck. 
In 2016, Komatsu Company successfully developed the world's first unmanned mining truck.  

3.3 Major Mine Accident Cases 

Case 1-1: 8.11 Landslide Accident in Heshun Coal Mine 

On August 11th, 2017, Jinneng Group Shanxi Coal Transportation and Marketing Group and Shun 
Lv Xin Coal Industry Co., Ltd.had a slope landslide accident, also known as "August 11th Heshun 
Coal Mine Landslide Accident". The accident resulted in eight deaths, one missing and one injured. 
After preliminary analysis, the main reason for this accident is that in the case of cracks and signs of 
slope collapse in Lv Xin Coal Industry, the coal mine did not withdraw its personnel and equipment, 
and continued to take risks in mining operations, resulting in slope landslide. 

Case 1-2: Collapse accident of Jingtai Coal Mine in Gansu Province 

At 11: 15 on July 23, 2022, the staff of Shanxi Coking Coal Civil Explosive Group were on their way 
to Gansu Hongsheng Coal Industry in Jingtai County when the slope of the mining area collapsed, 
and these staff and vehicles were buried. As of 20:00 on July 23rd, all 17 people involved in the risk 
have been rescued, and 6 people were slightly injured, of whom 5 were treated in Jingtai County 
People's Hospital, and 1 was transferred to Baiyin No.1 People's Hospital for treatment due to 
tachycardia; Ten people died. 

Case 1-3: Middle Queensland Coal Mine Accident in Australia 

On January 13th, 2020, Coronado Global Resoueces, an Australian metallurgical coal producer, said 
that an accident occurred in a coal mine in central Queensland, Australia, killing a miner. At the time 
of the accident, a 33-year-old miner was trapped in the machine, and rescuers were unable to rescue 
him, resulting in a tragedy.  

4. Product Description of New Unmanned Mine Transport Vehicle 

4.1 Product Concept Map 

 
Figure 1. Modeling diagram of new unmanned mine transport vehicle 
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At present, the unmanned mine car market is mainly divided into mine transportation and unmanned 
modification of mining vehicles. The unmanned modification of the mining vehicle refers to the 
installation and upgrading of hardware and functions on the basis of the traditional mining vehicle. 
Therefore, the new mine transport vehicle includes mine vehicle body, vehicle control system, radar, 
laser, visual obstacle perception system and satellite positioning system, as shown in Figure 1. 

4.2 Working Schematic Diagram of Transport Vehicle Model 

The vehicle model diagram adds a remote vehicle management system on the basis of the traditional 
transport vehicle. The remote control and data transmission of the vehicle are realized through the 
Internet of Things, Mainly uses the on-board radar, laser and visual sensors and satellite positioning 
to perceive the surrounding environment of the vehicle, perceive the road, vehicle position and 
obstacle information, control the vehicle steering and speed, and then make the vehicle safer and more 
reliable on the road. The principle is detailed in Figure 2. 

 

 
Figure 2. schematic diagram 

4.3 Model Structure 

The transport vehicle is based on Linux Raspberry Pi development board, audio and video RTC 
technology, MavLink communication protocol , Network-RC software and consists of some basic 
hardware modules. It can intelligently identify routes, use positioning to plan routes and identify 
obstacles and make judgments and corresponding execution actions. See Figure 4.  

The appearance is designed with the concept map of the physical vehicle. The frame uses high-quality 
aluminum and the structure is stable. Enhanced climbing function. Its automatic tipping bucket 
system can be easily and quickly unloaded. The prototype lifting system is screw lifting, and the 
physical concept will use hydraulic lifting. See Figure 3, Figure 5.See Figure 6. 

The power system of the prototype adopts the design concept of four-wheel infinite transmission, 
strong power and large load capacity, and has extremely high compatibility. It can be directly 
modified for traditional mining trucks to apply to various complex and harsh working conditions. See 
Figure 7. 

 

 
Figure 3. Model of new unmanned mine transport vehicle 
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Figure 4. Mainboard model diagram 

 

 
Figure 5. Rear drive system 

 

 
Figure 6. Driving system of dump hopper 

 

 
Figure 7. Front drive system, steering suspension system 
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5. Analysis of Development Trend of New Unmanned Mine Transport Vehicle 

5.1 Development Overview of New Unmanned Mine Transport Vehicle 

At present,The brands in the global mine car market are highly concentrated, and most of them are 
concentrated in Caterpillar, Terex, Komatsu Manufacturing Co., Ltd., Belarusian Automobile 
Manufacturing Consortium, Hitachi Construction Machinery Co., Ltd. and Liebherr Group". These 
six companies have developed into global multinational companies.  

Domestic large-scale enterprises include Shougang Heavy Truck, Beifang, Xiangtan Electric, Benxi 
Heavy Truck, Beijing Zhonghuan Electric Power, etc. And a large number of enterprises, such as 
Taian Aerospace, Sany Heavy Industry, Taiyuan Heavy Industry and Tonglian Heavy Industry. 
Involved in the mine car industry. 

China North Industry Corporation occupies more than 75% of the domestic mining truck market and 
is in an absolute leading position. with a load of 23 tons to 360 tons, including rock hopper dump 
truck, coal hopper dump truck, electric wheel mine truck, articulated dump truck, dump truck for 
explosion-proof engineering in coal mine, side dump truck, rotary drilling rig, self-propelled scraper 
and other series of models. 

5.2 Analysis of Development Trend of New Unmanned Mine Transport Vehicle  

1) Development Trend of Mining Unmanned Transport Vehicle Industry 

Now we China needs to establish large-scale modern mines as soon as possible, improve the 
independent innovation level of large-scale mining equipment, enhance the competitiveness of 
mining enterprises, and realize the sound and rapid development of mining industry. Mining 
enterprises at home and abroad are increasing investment in construction, which also provides a good 
development opportunity for mining machinery manufacturing enterprises. Looking around the world, 
mining trucks are developing towards large-scale, intelligent and unmanned. Due to the poor 
transportation conditions in mines, many mine car drivers, high wages and insufficient safety of labor 
and drivers, it is urgent to develop unmanned mine cars and popularize them as soon as possible.  

2) Market Size Forecast of Mine Unmanned Transport Vehicles from 2018 to 2023 

 

 
Data source: China Research Institute of Puhua Industry 

Figure 8. Market Size Forecast of Mine Unmanned Transport Vehicles from 2018 to 2023 

6. Conclusion 

To sum up, with the gradual development of high-tech such as mechanical intelligence, Internet of 
Things, electronic technology, etc., the strategy of "integration of two industries" and the continuous 
promotion of the transformation and upgrading of traditional mines have made the field of intelligent 
mines innovative on the basis of traditional mining. On the other hand, with China's increasing 
emphasis on the construction of ecological civilization, many concepts such as safety, high efficiency, 
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green, sustainable, etc. are constantly integrated into mine mining, and intelligent open-pit mines have 
become the development trend of safe and efficient open-pit mines, while unmanned technology is 
an essential element to realize intelligent mines. Therefore, the research on new unmanned mine 
transport vehicles has become the key link to realize the construction of intelligent open-pit mines. 
This process needs to integrate digitalization, automation and intelligence, and realize the principle 
of "three-in-one" synchronous construction, that is, the digitalization stage: to make information 
acquisition accurate and convenient; Automation: vehicles need to realize transportation automation 
based on digital information; Intelligentization: the "central nerve" of the vehicle, the digital 
information received and fed back by the vehicle is processed by the computer of the vehicle to 
coordinate the synchronous operation of each module, so that the vehicle can run stably and realize 
the automation of production and transportation.  
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