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F E A T U R E D  A R T I C L E S Autonomous Driving Technology for Connected Cars

1.	 Introduction

Commodity prices have remained low over the last 
few years in response to the ongoing economic down-
turn, leaving the mining industry facing an end to the 
era in which profits could be dug out of the ground, 
shifting instead to a time in which they must inno-
vate to survive. Employee safety is also a challenge 
given that mines are inherently dangerous workplaces. 
This environment is requiring mining companies to 
improve efficiency and be rigorous about cutting pro-
duction costs, including improvements to efficiency 
made by optimizing all aspects of their mine opera-
tions, not excluding improvements to mine safety, 
and further reductions in operating costs achieved 
through innovation. Autonomous haulage systems 
(AHSs) for the autonomous operation of dump trucks 

has attracted attention as one way to achieve these 
rationalizations.

Dump trucks are the largest use of labor at open-
cast mines. As shown in Figure 1, an AHS eliminates 
the need for a driver in these dump trucks, which are 
used for the hauling and dumping of ore and earth 
under the supervisory control of a central control sys-
tem. Driverless dump trucks not only reduce labor 
costs, they also have the potential to provide economic 
benefits in the form of longer operating time (by elimi-
nating the time spent on work breaks and shift change-
over), and lower fuel consumption and longer machine 
life (by using machine control to drive the trucks in 
an efficient and appropriate manner). Use of machine 
control should also improve safety by reducing human 
error in the driving of dump trucks. There is also the 
potential to make overall mine operation more efficient 
by coordinating management of the hauling process 
with the production management system.
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at a test site in Australia.
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2.	 Overview and Features 
of Hitachi’s AHS

To obtain benefit from AHS, it is desirable that it be 
used for as many dump trucks as possible because 
of the economies of scale that come into play at 
large mines with a large number of dump trucks. 
Unfortunately, the number of trucks able to be con-
trolled is limited by the wireless communications 
capacity between the central control system and dump 
trucks. The constraints imposed by this volume of 
communications are particularly severe if control is 
based on obtaining the position of each truck in real 
time. In response, Hitachi Construction Machinery 
Co., Ltd. has adopted a permission control technique 
from the railway industry to minimize communica-
tions with the central control system and thereby 
enable control of a greater number of trucks.

On the other hand, because of the considerable 
investment and risk involved in switching an entire 
site from drivers to AHS all at once, what is needed is 
a way to perform this switch progressively. To achieve 
this, Hitachi Construction Machinery offers a system 

that can be retrofitted, providing a simple upgrade for 
converting driver-operated dump trucks to autono-
mous operation. This means that dump trucks pur-
chased on the basis that they will be operated by 
drivers can in the future be converted to AHS at the 
customer site. The following sections provide details 
of the technology that underpins these features.

2. 1  
Principles of Permission Control
Permission control prevents dump trucks getting in 
each other’s way by dividing the route to be used by 
the trucks into sections and only permitting one truck 
at a time to drive on each section. Dump trucks are 
able to drive through their current permitted section 
without needing to communicate with the central 
control system. On approaching the end of the sec-
tion, the truck sends a request for permission to enter 
the next section to the central control system, and, if 
permission is granted, continues on its way. In the 
example in Figure 2 (1), dump truck A already has per-
mission to drive through the section where the routes 
merge. Accordingly, permission is not granted to dump 
truck B, thereby preventing their coming together.

Wireless communications network

Autonomous dump truck
• Localization by GNSS and IMU 
• Path tracking control
• Obstacle detection using millimeter-wave 

radar and LiDAR

Excavators and other auxiliary 
machinery are driven by human 
beings. All vehicles are fitted with 
a GNSS receiver and wireless unit 
for notifying their position to the 
central control system.

Central control system
• Fleet management
• Tra�ic control
• Production planning 

and management

GNSS receiver

LiDAR
Radio antenna

Millimeter-wave radar

Specify loading position

AHS: autonomous haulage system   GNSS: global navigation satellite system   IMU: inertial measurement unit   LiDAR: light detection and ranging

Figure 1 — Overview of AHS
Driverless dump trucks use GNSS and sensors for autonomous driving. The central control system uses wireless communications with the dump trucks 
to perform operational management and traffic control for the entire vehicle. Excavators, bulldozers, graders, and other auxiliary machinery driven by 
human beings are also present at the mine site and need to coordinate operation with the driverless dump trucks.
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This management by permitted sections is not used 
for vehicles operated by a driver because of the dif-
ficulty of specifying a predetermined route for such 
vehicles. Instead, the drivers are provided with guid-
ance to warn them against entering sections for which 
a driverless dump truck has permission. Specifically, 
driver-operated and driverless vehicles are prevented 
from getting in each other’s way both by using a ter-
minal in driver-operated vehicles to display which 
sections have already been allocated to driverless 
dump trucks, and also by responding to situations in 
which the area in front of a driver-operated vehicle 

(buffer area) overlaps a section assigned to a driverless 
dump truck, as shown in Figure 2 (2), by displaying 
a warning and by having the central control system 
issue an instruction to slow or stop the dump truck.

2. 2  
Benefits of Permission Control
Because permission control does not require the dump 
truck position to be obtained with high frequency, 
it reduces the communication overhead associated 
with sending position information to the central 
control system. Table 1 shows an estimate of how 
many vehicles can be controlled under given com-
munication conditions using permission control and 
using a control technique based on vehicle position 
that requires frequent updates of position informa-
tion. In this example, permission control can support 
approximately 1.7 times more vehicles than a control 
technique based on vehicle position.

GNSS IMU LiDAR Millimeter-wave 
radar

AHS controller

Electric steering controller

Vehicle stability controller

AC drive controller

Motor
Generator

Acceleration input
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Sideways skidding control

Pitch control

AHS add-on

Standard dump truck 
configuration

Vehicle stability control

Steering input

Wireless terminal

Figure 3 — Conversion of Driver-operated 
Dump Truck to Autonomous Driving
A driver-operated dump truck can be converted to 
autonomous driving simply by using the vehicle 
stability control provided by an onboard controller 
for this purpose.

AC: alternating current

Figure 2 — Use of Permission Control to Manage Vehicle 
Movements
Vehicles are prevented from getting in each other’s way by controlling 
their movements such that they have exclusive use of their permitted 
section.

Section where routes merge

(1) Permission control for two dump trucks

(2) Permission control for dump truck and driver-operated vehicle

Route
Permitted section 
for dump truck A

Permitted section 
for dump truck B

Bu�er area
Driver-operated vehicle

Prohibited section 
(to preserve exclusive use by A)

A

A

B

Warning alarm

Decelerate or halt

Control method No. of  
dump trucks

No. of  
driver-operated vehicles Total

Control based on 
vehicle position 29 73 102

Permission 
control 50 125 175

Table 1 — Comparison of Number of Vehicles Able to be 
Controlled by Different Methods
The table lists estimates of how many vehicles can be controlled under 
given communication conditions. The calculation assumes a ratio of 1:2.5 
between dump trucks and driver-operated vehicles.
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2. 3  
Retrofit Capability
The EH-3 series of mining dump trucks from Hitachi 
Construction Machinery feature vehicle stability con-
trol as well as alternating-current (AC) drive control 
with a high level of driving and handling perfor-
mance(1). Because this maintains vehicle stability on 
slippery road surfaces or during sudden starts or decel-
erations, AHS conversion can be performed simply by 
installing an AHS add-on unit with an interface made 
up only of accelerator and steering inputs, thereby 
converting the dump truck from driver-operated to 
autonomous driving (see Figure 3).

3.	 Use of Hybrid Simulator in 
Development and Testing

While the development and testing of AHS technol-
ogy requires a way to replicate the operations of load-
ing, hauling, and dumping using dump trucks, it is not 
practical to set up a test environment with the 100 
or so vehicles that would be found at a large mining 
operation. Instead Hitachi has performed develop-
ment and testing using a hybrid simulator it set up 
as shown in Figure 4.

Replication of large-scale operation

Central control system 
(actual)

Wireless communications 
(actual)

Onboard controller 
(actual)

Dump truck 
(actual)

Computer simulation

Dynamic behavior 
model of dump truck

Control model for 
onboard controller

Dynamic behavior 
model of dump truck

Control model for 
onboard controller

Simulated

Actual

Actual

Model-based development

Figure 4 — Overview of Hybrid Simulator
The simulator can replicate large-scale operations 
using a combination of actual and simulated virtual 
dump trucks.

Crusher dumping 
(feeding of ore 
into crusher)

Over-edge dumping 
(dumping of earth from a cli� top)

Paddock dumping 
(dumping of earth 
on a flat site)

Parking area

250 m
Loading area

Figure 5 — Test Site in Australia
The test site has one loading and three dumping 
areas for replicating the sequence of mine site 
operations associated with loading, hauling, and 
dumping.
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The hybrid simulator uses an actual traffic control 
server and wireless communications units for passing 
commands from traffic control to the dump trucks, 
together with a mix of actual vehicles and simula-
tors for the dump truck part of the simulation. The 
control logic in the onboard controller is produced 
using a model-based development method whereby 
the control model is developed on the simulator and 
then ported to the controller directly.

Along with shortening the development time, the 
hybrid simulator can replicate and test mining opera-
tions with 100 or so vehicles by modeling them as 
virtual dump trucks on the simulator. Moreover, using 

a combination of actual and virtual dump trucks to 
test traffic control in the early stage of development 
ensures the safety of the actual vehicles during testing.

4.	 Prototype Testing in Australia

Hitachi has established a test site in collaboration 
with Stanwell Corporation Limited, an Australian 
power company, at the company’s Meandu coal mine 
located approximately 100km inland from Brisbane 
in eastern Australia. The test site has one loading area 
and three dumping areas. The dumping areas accom-
modate over-edge dumping, paddock dumping, and 
crusher dumping setup (see Figure 5). A hybrid simu-
lator like that described above was then configured 
at the test site using a central control system, dump 
truck simulator, and three actual dump trucks. The 
dump trucks were EH5000AC-3 models upgraded 
for autonomous driving and a EX3500 excavator was 
used for loading earth.

The test site has already been used to demonstrate 
the ability to perform the sequence of mine site opera-
tions associated with loading, hauling, and dumping, 
including testing the permission control function 
using a number of actual and virtual dump trucks 
together with dump truck path tracking, spotting, 
and dumping functions, and a function for specify-
ing where excavator loading is to be performed and 
automatically generating the route to get there (see 
Figure 6).

5.	 Conclusions

The development of the AHS described in this article 
is conducted through the cooperative work of three 
centers, including Hitachi Construction Machinery 
Australia Pty., Ltd., which is responsible for run-
ning the test site, and Wenco International Mining 
Systems Ltd. in Canada, which is responsible in par-
ticular for the fleet management parts of the central 
control system(2), (3). Meanwhile, the development 
of specific technologies utilizes technologies from 
Hitachi, Ltd. and other Hitachi Group companies. 
In the future, owing to the total range of Hitachi’s 

Figure 6 — Prototype Trials at Australian Test Site
Photograph (1) shows a dump truck being positioned at a loading loca-
tion specified by the excavator, (2) shows permission control managing 
vehicles converging at an intersection, and (3) shows a dump truck car-
rying earth.

(1)

(2)

(3)
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capabilities, Hitachi Construction Machinery intends 
to draw on its comprehensive capabilities to develop 
its customer solutions business based around AHS.
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