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INTRODUCTION

How loT technology and autonomous vehi-
cle technology integrate for advancing vertical
industrial applications? This article may provide
an example of such enormous potential in the
mining industry.
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ABSTRACT

The application of automated driving technology will
become a concentrated demand for enterprises in 2019. As
autonomous driving on public open roads cannot be realized
in a short time, the commercialization on closed areas and fixed
routes such as mining sites, parks, ports, logistics distribution,
and sanitation sites are the first choice for all parties. In this
article, we explain how autonomous driving in mining areas will
be the most reliable and fastest application area to develop.
An loT mining system has been designed and simulated and is
described in the paper.

The field of autonomous driving has been an area of much
investment over the last decade, attracting the largest industrial
players in technology, automobile manufacturing, tires, and many
start-ups. However, after several years of rich enthusiasm for fast
results, autonomous driving has entered a period of calmer devel-
opment and drawbacks on expectations. In addition to concerns
on profitability and development expectations, autonomous driv-
ing related asset valuation in the capital market have declined by
varying degrees. Profitability and commercialization has become
inevitable choices and strong demands for autonomous driving
industry. Startup companies seek to attract more developmen-
tal funds by technology application, including road testing or
commercial use,while large companies seek to capture market
segments by immediately delivering technology implementation.

Normally the autonomous driving capability is divided into
five levels; however, there might be decades before it finally
and completely comes to reality. There are many barriers to
success for full commercial adoption of driverless vehicles on
public roads. Complex traffic conditions and signs, unpredict-
able behavior of road participants, and unstable hardware-soft-
ware systems are all obstacles for driverless cars to move to
urban and public roads. Thus, with these barriers in open and
public areas, commercialization on private and closed areas
with fixed routes becomes the most desirable alternative that
can advance.

The scope of the column includes loT technological achievements that have social impacts and/or incorporate social factors. Each
column will provide knowledge and insights in the most recent developments, cutting-edge applications, latest deployments, and con-
ceptual innovations, and of course, their implications on our society. | hope the columns will be meaningful in understanding how our
society interacts, adopts, adapts to, and changes with loT technological advancements.

AUTONOMOUS MINING: THE MOTIVATION

There are abundant motivations for adopting autonomous driv-

ing in the mining industry:

1. Labor intensity and a harsh working environment raise
challenges for human performance, such as long shifts and
repetitive operation of large equipment which can cause
fatigue and safety risks, leading to higher rates of work-
place accidents.

2. Employment shortage and a lack of skilled heavy machin-
ery operators for the mining industry emerge as a major
problem for this industry.

3. In terms of labor cost, salary and accommodation of min-
ing vehicle operators and drivers account for 30 to 60
percent of the whole mine expenditure.

4. Due to inexperienced operational skills and poor driving
habits, human driving could cause severe wear and tear
of mining equipment, high fuel consumption and other
issues.

As a result of these factors, automated driving technology
has a strong fit with the mining industry to address such chal-
lenges, improve efficiency and decrease operational risk.

[OT BASED AUTONOMOUS MINES

In the last decade, the emergence of integrated communica-
tions and control systems has enabled the development of
much more complex autonomous systems. Recently, Internet of
Things (IoT) technology has also been incorporated to improve
the safety of personnel and equipment, reduce the cost of min-
ing operations, and enhance production capacity.

Roads in mining sites are normally highly undulating with
impacts of dust and sand, which greatly reduces the effective
perception range of sensors. Even if advanced sensing tech-
nology is equipped in an autonomous truck, poor perception
ability may still be an issue with high costs and low reliability.
Therefore, it is merely impossible to rely on just one single min-
ing vehicle’s perceptual results to make safe and efficient deci-
sions in complex mine traffic scenarios.

As a mine site has a very strict management system, all
equipment and personnel entering the operation area are close-
ly monitored. loT technology enables the mine management
and control center to receive all perceptual results, such as
vehicle localization, status information and surrounding environ-
ment perception information, by V2X communication, which
is a type of communication with vehicle to everything. As a
benefit from loT based management and control, the sensor
configuration for each autonomous truck is reduced, with signif-
icant cost savings.

The networked multi-vehicle autonomous driving system
mainly includes three modules: the center-side, the transmis-
sion-side and the equipment-side. Among them, the center-side
includes the management and control center, and the remote
take-over system. The transmission-side includes the V2X wire-
less communication system and real-time kinematic Global
Positioning System (RTK-GPS). The equipment-side includes the
truck autonomous driving system, the excavator cooperative
management system, the bulldozer cooperative management
system, manned vehicle management system and roadside
awareness system.

The management and control center is the core system
developed for the management and dispatching of machiner-
ies at open-pit mines. Taking into account the efficiency, fuel
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FIGURE 1. The architecture diagram of parallel mine.

economy and sensor life, a computing engine is built within the
management and control center for mine production activities
through continuous calculation, planning and management.

Through receiving dispatching and operation instructions
issued by the center, the autonomous driving truck and exca-
vator work together for the integrated operation process of
collaborative loading, unmanned transportation and automatic
unloading. The bulldozer cooperative management system is
responsible for guiding the autonomous driving truck into the
dump site, so as to realize the automatic dumping operation.
The remote take-over system is responsible for monitoring the
production and operation of the autonomous driving truck,
and conduct remote take-over actions in case there is the need
for an operator management intervention or recognition of an
emergency situation.

An artificial mining system is established in the computing
facilities as a parallel imaging of the real mining system. Through
the 10T link, state information of the autonomous vehicles in
the real world are reproduced in the artificial systems. A large
number of possible operational scenarios are constructed in the
artificial system, based on which decisions and strategies are
synthesized for intelligently managing vehicle dispatching and
autonomous driving. The communication facilities of the mining
system adopts V2X architecture, which can realize network
connection of vehicle to vehicle (V2V), vehicle to road (V2I),
vehicle to pedestrian (V2P) and vehicle to service center (V2N).

Up to now, the autonomous driving trucks in the system
have run more than 50,000 kilometers, and moved more than
800,000 tons surface materials. At present, the overall efficiency
of unmanned transportation is close to that of human drivers,
while it saves the costs of drivers, solves the problem of labor
shortage in mining enterprises, and avoids the occurrence of
safety accidents.

CONCLUSIONS

The loT based autonomous vehicle system for mining appli-
cations has enormous potential for increased adoption, and
24-hour continuous mining operation is made possible. Labor
costs are decreased due to reduced expenditures on drivers,
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FIGURE 2. Artificial mining system for simulation.
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FIGURE 3. Schematic diagram of network transmission structure.

and mining process safety is improved due to fewer poten-
tial accidents from human driver error or fatigue. Operational
costs are reduced due to precise operation of machinery and
reduced fuel costs. The adoption of loT based mines may also
decrease insurance costs, leasing and maintenance of vehicles,
leading to higher rates of return for mine owners.

loT based autonomous mines have recently entered into
a partnership with XCMG Group, Aerospace Heavy Industry
Co., Ltd., Inner Mongolia North Hauler Joint Stock Co., Ltd.,
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and LGMG Group, to build unmanned mining systems. These
systems were then deployed at various sites in China, including
three vehicles placed into operation in Wushan (China Gold
Group), five trucks at the Shenbao Coal Mine (China Energy
Investment Corp.), and six trucks at the Baoli coal mine (China
Datang Corp. Ltd.). Each of these engagements were made
with parallel mine autonomous systems (PMAS), and will further
promote the use of 10T in the mining industry, and serve as
examples of development to promote loT intelligent networked
industrial systems.
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