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Load-haul-dump vehicle (LHD) is an important and necessary piece of mining equipment, which plays a key role in

the transportation of underground ores. Traditional LHD vehicles usually complete ore shoveling, transporting and

unloading through manual operation.
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1. Introduction

Mining is a very important global industry, which is the foundation for industrial development. With the increasing

demand of ore raw materials from all over the world and the depletion of shallow mineral resources, following

thereupon, the mining scale of underground ore increases greatly .

Load-haul-dump vehicle (LHD) is an important and necessary piece of mining equipment, which plays a key role in

the transportation of underground ores. Traditional LHD vehicles usually complete ore shoveling, transporting and

unloading through manual operation . However, the following problems always exist . First of all, the

production environment is quite harsh. Possible accidents by the underground roadway collapse and the hostile

interspace with dust, humidity and noise seriously threaten the health and safety of LHD operators. Second, there

are high safety risks upon the driver. Due to underground tunnels normally being narrow and with poor illumination,

it is easy for the drivers to experience fatigue while driving, causing accidents. Third, high energy is consumed with

low operating efficiency. Since the work efficiency of the LHD mainly depends on the proficiency of the driver, the

operating stability of the LHD is unable to be guaranteed. Hence, in order to possibly minimize those issues, how to

control and automate the LHDs intelligently have become the main developing trends in this field . In recent

years, a large amount of effort has been made on intelligent mining equipment for underground mines, by experts

from industry to academia, both overseas and domestically in China. Developed countries, such as Canada,

Finland and Sweden, deployed research and application about intelligent and unmanned mining early at the

beginning of the 21st century . Various autonomous controlling systems of underground LHDs have been

developed successfully and tested in large industrial mines with good results. In China, smart mines have also

been constructed gradually with strong technical and financial support from national institutions .
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Intelligent LHD is a machine system upgraded from traditional LHD by artificial intelligence technology , robotic

technology , information-physics-network technology and image processing technology . It is multi-

functionally integrated by remote control, intelligent autonomous operation, intelligent perception and diagnosis,

etc. The rapid development of intelligent LHD has really benefitted a lot from the improvements in high-precision

positioning and navigation technology. Furthermore, the continuous development and maturity of artificial

intelligence (AI) technology also makes significant contributions to it. The intelligent LHD can continue learning new

skills to optimize its performance and think like human beings with AI technology . Currently, machine learning

(ML) technology has gained wide attention as one of the research directions for artificial intelligence ,

which has been popularly used in image, speech and other patterns for recognition. Through combining AI

technology with automatic control technology, a more effective intelligent trajectory control algorithm has been

developed. In addition, the accumulated running data from a real LHD is also conducive to fault prediction and

diagnosis.

2. Development and Application Status of Intelligent LHD

The first LHD (version ST-5) was traced back to the 1960s, which was developed successfully in the Grandview

Mine by the Wagner Company in the United States. Since then, the LHD has been widely used in underground

mining around the world due to its high efficiency and flexibility. According to the level of automation control and

development history, LHDs can be divided into four generations , as shown in  Figure 1. At present, the

underground LHD belongs to the fourth generation, with functions of intelligent and independent control .

Figure 1. The development history of the LHD.

Foreign research on intelligent LHDs began relatively earlier; hence, many companies invented LHD autonomous

driving, uploading controlling systems with their own characteristics after long-term theoretical research and field

tests, such as Sandvik in Sweden, Caterpillar in the United States, Atlas Copco in Sweden, etc. .
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The Tamrock cooperation in Finland (acquired and owned by Sandvik now) was reported to be the first company in

the world to exploit automated mining, which developed the AutoMine system with functions of integrated

shoveling, transporting, unloading ores and fault diagnosis automatically . The system was helpful for production

increases and maintenance and operation cost decreases. The automatic mining yield of each LHD machine

(version LH621) in Finland Pyhäsalmi Mine was improved greatly to 300,000 tons per year after being equipped

with the AutoMine system. Both the utilization rate of equipment and the output of the entire mine increased

significantly . Canada Kidd Creek Mine extended the effective working time of four LH514 LHDs from 12 h to 15

h and increased the production capability by 50% accordingly, after being equipped with four sets of Sandvik

company’s single remote-controlling intelligent LHD system . In 2018, Sandvik innovatively invented another new

generation of unmanned underground LHDs, which made it possible to shovel, transport and unload ores totally

automatically during the whole process. The machine passed through a complicated glass maze successfully with

the help of equipped laser scanners, gyroscopes, odometers and angle sensors . However, there has been no

industrialization application yet . The MINEGEM system was a new autonomous control system for a new

generation of LHDs, jointly developed by Caterpillar and DAS in Australia in around 2004. Remotely controlling the

LHDs on the ground to perform operations, such as shovel, transport or unload ore, could be attained with this

system, through the cooperation of airborne computers, sensors, wireless networks, etc. This system was adopted

by the Malmberget iron mine in Sweden and protected their operators from the dangerous underground

environment with a remote ground comfortable operating room. Moreover, the system ran quickly and greatly

improved the production efficiency by about 25%; the effective operating time was extended by 4~6 h as well 

. In later years, Caterpillar further developed the ancillary software for this system, named Auto Dig, to

automatically control the whole shoveling, transporting and unloading process. Through recoding a large amount of

operation data by experienced drivers from a variety of buckets for a variety of given ores during loading cycles,

the loading model could be established and optimized by computer and the fully autonomous operation was finally

realized.

Atlas copco in Sweden is another famous company for intelligent underground LHD research and development. In

2006, it modified the ST. 1010 underground LHD with a reactive navigation system to an autonomous machine

together with researchers from the University of Urebro, which was proved to be practical in the Kvarntorp Mine

through automatic tests. At the end of 2007, its LHD automatic control system was applied to the ST-14

underground scraper and the automation experiment was carried out successfully in the Kemi mine in Finland .

The machine was equipped with three cameras, two in the front and one at the back. In addition, three additional

cameras were reinstalled in the loading and unloading zones on the roadway as a supplement. Through scanning

the way in the front roadway in 35 m by the laser mounted on each side of the vehicle, the real-time precise relative

position of the ST-14 to the wall could be acquired . After combining the ultra-precision steering algorithm and

the speedometer, the operator could determine the precision potion of the machine in the roadway. Recently, Atlas

company developed its own Scooptram automation technology, a semi-autonomous control system, with the goal

of protecting human safety, improving machine performance and flexibility. The main advantage of the system is

that the operation system could be maintained easily in control and integration with other systems without exposing
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the operator to the unsafe environment. Moreover, no other infrastructure support was needed and it could work

even during blasting operation .

In addition to the main three companies mentioned above, there were also many other companies or research

institutes investing finance and effort on this topic. A German manufacturing company of underground mining

equipment called PAUS developed a new version (Tiger 300D) of underground LHD, based on the video remote

control technology of the NAUTILUS company. Two cameras were set in front of the loader and another in the

back. The cameras acquired and transmitted the image data to the display screen of the remote-control box firstly;

the machine was automatically slowed down if someone was found standing on the road, even stopping if

necessary. The device not only expanded the driver’s vision, but also could be controlled through wider-range radio

and was much safer. Furthermore, it could be either remote controlled automatically or manually controlled . The

Commonwealth Scientific and Industrial Research Organization (CSIRO) and the University of Sydney in Australia

cooperated in the research on the special sensors for autonomous control of the LHD on the mount ISA. The

sensors suitable for the underground environment were picked out through collecting a large amount of data from

the sensors installed on the underground LHD . Afterwards, CSIRO further researched the development of

autonomous control of underground LHDs, with financial support from AMIRA, mainly focused on the positioning

technology based on the dead reckoning method. The autonomous navigation system integrated from the

underground electronic map data and the laser scanner sensor and, finally, the autonomous control of the driving

process and identification of the signs and blocks on the road could be realized . Vielle Montague in Sweden

also developed a remotely operated and navigation-enabled LHD; autonomous controlling tests were carried out in

the Zinkgruvan zinc mine. The navigation and autonomous driving could be attained by tracking the white lines

coated on the roadway roof with a camera. The maximum running speed was 8 km/h. During the 9-month test

period, a total amount of 1200 buckets of ores was transported .

China’s research on the autonomous control system of underground LHDs started relatively late and has gone

through fges of introducing from abroad, cooperative manufacturing, independently developing, innovatively

creating and developing . During the “Eleventh Five-Year” period (2006~2010), Beijing General Research

Institute of Mining and Metallurgy conducted a research program on “Accurate Positioning Technology of the

Underground Mining Equipment and Modeling Method for the Intelligent Unmanned Underground LHD” under the

“863” goal-oriented project, together with the University of Science and Technology Beijing .

They constructed an underground electronic map through the vectorization of engineering drawings using GIS

software and the position display and alarm of the scraper were basically realized by combined technologies of the

laser scanner system , track estimation and beacon correction at the same time . As a result, the

underground LHD autonomous navigation and control technology were initially developed in China and the model

for the unmanned underground LHD was established . Later on from the “Twelfth Five-Year Plan” period, the two

institutes cooperated continuously on the program on “Underground Intelligent LHD” under the “863” theme project.

The program team explored and researched deeply the autonomous driving and unloading technologies of the

LHD  and realized the field operation in the line of sight or by remote control in the Zhangzhuang Mine, Fankou

Lead-Zinc Mine, Dayingezhuang Gold Mine, etc. .
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At present, some underground mines in China are testing and promoting fourth-generation underground fully

automatically operated LHDs gradually, in order to realize unmanned mining operations .
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