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(54) ASPHALT FINISHER

(57) The asphalt finisher (100) of claim 1 includes: a
tractor (1); a hopper (2) installed in front of the tractor (1)
and configured to receive pavement material; a conveyor
(CV) configured to feed the pavement material in the hop-
per (2) to the rear of the tractor (1); a screw (SC) config-
ured to spread, behind the tractor (1), the pavement ma-
terial fed by the conveyor (CV) ; a screed (3) configured
to flatten, behind the screw (SC), the pavement material
spread by the screw (SC); an information acquiring de-
vice (51) configured to acquire information related to a
road targeted for application; and a control device (50)
configured to control the movement of the tractor (1)
based on a target trajectory (TPT) or a target position
(Pf) that is determined by information related to the road
targeted for application acquired by the information ac-
quiring device (51).
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Description

TECHNICAL FIELD

[0001] This disclosure relates to an asphalt finisher.

BACKGROUND ART

[0002] Conventionally, there is an asphalt finisher,
known as having: a tractor; a hopper installed in front of
the tractor for receiving pavement material; a conveyor
for feeding the pavement material in the hopper to the
rear of the tractor; a screw for spreading, behind the trac-
tor, the pavement material fed by the conveyor; and a
screed for flattening, behind the screw, the pavement
material spread by the screw (see, for example, Patent
Document 1).
[0003] The driver of the asphalt finisher usually maneu-
vers a guiding rod (pointer rod) that is attached to the
tractor, to drive the asphalt finisher such that the width-
wise end surface of the pavement that is laid stretches
along the steps on the road targeted for application. That
is, the driver drives the asphalt finisher while maintaining
the widthwise end surface of the screed and the bumpy
surfaces of the steps in the road targeted for application
substantially level. Note that the steps in the road target-
ed for application include, for example, the step between
the curb and the roadbed, the step between existing
pavement and the roadbed, the step between the form-
work for the pavement and the roadbed, the step that is
created when cutting the old pavement, and so on.

RELATED-ART DOCUMENT

PATENT DOCUMENT

[0004] Patent Document 1: Unexamined Japanese
Patent Application Publication No. 2017-160636

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0005] However, when the road to be constructed is
curved, the driver is unable to make the widthwise end
surface of the pavement stick to and be laid along the
steps by maneuvering the guiding rod alone. This is be-
cause the trajectory that a predetermined point in the
center part of the screed positioned in the rear of the
tractor draws does not always trace the trajectory that a
predetermined point in the center part of the tractor
draws, and drifts outward along the curves.
[0006] In view of the above-mentioned problem, it is
desirable to provide an asphalt finisher that can appro-
priately lay pavement along the road to be constructed.

MEANS FOR SOLVING PROBLEM

[0007] An asphalt finisher according to an embodiment
of the present invention has: a tractor; a hopper installed
in front of the tractor and configured to receive pavement
material; a conveyor configured to feed the pavement
material in the hopper to the rear of the tractor; a screw
configured to spread, behind the tractor, the pavement
material fed by the conveyor; a screed configured to flat-
ten, behind the screw, the pavement material spread by
the screw; an information acquiring device configured to
acquire information related to a road targeted for appli-
cation; and a control device configured to control the
movement of the tractor based on a target trajectory or
a target position that is determined by information related
to the road targeted for application by the information
acquiring device.

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0008] The above-described means provides an as-
phalt finisher that can appropriately lay pavement along
the road to be constructed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a side view of an asphalt finisher according
to an embodiment of the present invention;
FIG. 2 is a top view of the asphalt finisher of FIG. 1;
FIG. 3 is a diagram showing an example configura-
tion of an automatic steering system;
FIG. 4 is a top view of a construction site;
FIG. 5 is a top view of a construction site;
FIG. 6A is a top view of a construction site; and
FIG. 6B is a top view of a construction site.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

[0010] FIG. 1 is a side view of an asphalt finisher 100
according to an embodiment of the present invention.
FIG. 2 is a top view of the asphalt finisher 100. In this
embodiment, the asphalt finisher 100 is a wheel-type as-
phalt finisher, and composed mainly of a tractor 1, a hop-
per 2, and a screed 3. Hereinafter, the direction of the
hopper 2 viewed from the tractor 1 (+X direction) will be
defined as the front, and the direction of the screed 3
viewed from the tractor 1 (-X direction) will be defined as
the rear.
[0011] The tractor 1 is a mechanism that allows the
asphalt finisher 100 to move. In this embodiment, the
tractor 1 rotates a rear wheel 5 by using a rear wheel
traveling hydraulic motor, and rotates a front wheel 6 by
using a front wheel traveling hydraulic motor, thereby
moving the asphalt finisher 100. The rear wheel traveling
hydraulic motor and the front wheel traveling hydraulic
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motor are supplied with hydraulic oil from a hydraulic
pump and rotate. However, the front wheel 6 may be a
non-driving wheel.
[0012] The asphalt finisher 100 may also be a crawler-
type asphalt finisher. In this case, the combination of the
rear wheel 5 and the front wheel 6 is replaced by the
combination of a left crawler and right crawler.
[0013] The controller 50 is a control device that controls
the asphalt finisher 100. In this embodiment, the control-
ler 50 is composed of a microcomputer including a CPU,
a volatile memory device, a non-volatile memory device,
and so forth, and is mounted on the tractor 1. The func-
tions of the controller 50 are implemented as the CPU
executes programs stored in the nonvolatile storage de-
vice. However, the functions of the controller 50 may be
implemented not only by software, but may also be im-
plemented by hardware or by any combinations of hard-
ware and software.
[0014] The hopper 2 is a mechanism for receiving
pavement material. In this embodiment, the hopper 2 is
installed in front of the tractor 1 and configured to be
opened and closed in the vehicle’s width direction (Y-
axis direction) by means of a hopper cylinder. The asphalt
finisher 100 normally receives pavement material (for ex-
ample, an asphalt mixture) from the bed of a dump truck
when the hopper 2 is fully open. A dump truck is an ex-
ample of a transport vehicle that transports pavement
material. FIG. 1 and FIG. 2 show the hopper 2 as being
fully open. When the pavement material in the hopper 2
is reduced, the hopper 2 is closed, and the pavement
material around the inner walls of the hopper 2 is collect-
ed in the center part of the hopper 2, so that the conveyor
CV provided in the center part of the hopper 2 can feed
the pavement material to the rear of the tractor 1. The
pavement material fed to the rear of the tractor 1 is spread
in the vehicle’s width direction by means of a screw SC,
behind the tractor 1, and in front of the screed 3. In this
embodiment, the screw SC assumes a state in which
extension screws are connected to the left and right. FIG.
1 and FIG. 2 omit the illustration of the pavement material
in the hopper 2. In FIG. 1 and FIG. 2, the coarse dot
pattern represents the pavement material PV that is
spread by the screw SC, and the fine dot pattern repre-
sents the new pavement NP that is flattened by the
screed 3.
[0015] The screed 3 is a mechanism for flattening the
pavement material PV. In this embodiment, the screed
3 includes a front screed 30 and a rear screed 31. The
front screed 30 includes a left front screed 30L and a
right front screed 30R. The rear screed 31 can extend
and contract in the vehicle’s width direction, and includes
a left rear screed 31L and a right rear screed 31R. How-
ever, the rear screed 31 may be a screed of a fixed width
that is connected to the left and right of the front screed
30. Also, the screed 3 is a free floating screed towed by
the tractor 1, and connected to the tractor 1 via leveling
arms 3A. The leveling arms 3A include a left leveling arm
3AL provided to the left of the tractor 1, and a right leveling

arm 3AR provided to the right of the tractor 1.
[0016] A mold board 43 is attached to the front part of
the screed 3. the mold board 43 is configured such that
the amount of pavement material PV to be deposited in
front of the screed 3 can be adjusted. The pavement ma-
terial PV reaches under the screed 3 through the gap
between the lower end of the moldboard 43 and the road-
bed BS.
[0017] The tractor 1 has an information acquiring de-
vice 51, an on-vehicle display device 52, and a steering
device 53 attached thereto.
[0018] The information acquiring device 51 is config-
ured to acquire information related to the road targeted
for application and output the acquired information to a
controller 50. The information related to the road targeted
for application includes, for example, the width of the
road, changes in curvature in transition sections (clothoid
sections), the curvature in arched sections, and so forth.
In this embodiment, the information acquiring device 51
includes a front monitoring device 51F, a rear monitoring
device 51B, a driving speed sensor 51S, a positioning
device 51P, and a communication device 51T.
[0019] The front monitoring device 51F is configured
to monitor the front of the asphalt finisher 100. With this
embodiment, the front monitoring device 51F is a LIDAR
that monitors a monitoring range RF situated in front of
the tractor 1, and attached to the center part of the tractor
1. The center part of the tractor 1 refers to, for example,
the front center part of the cover that covers the engine
compartment that is situated behind the hopper 2. How-
ever, the front monitoring device 51F may be attached
to another part of the asphalt finisher 100, and composed
of a plurality of LIDARs. When composed of multiple
LIDARs, the front monitoring device 51F can monitor mul-
tiple non-overlapping monitoring ranges all simultane-
ously. In this case, the LIDARs may include a right front
LIDAR that is attached to the front-end right-side part of
the tractor 1 and a left front LIDAR that is attached to the
front-end left-side part of the tractor 1. Also, the LIDARs
may be attached to the tractor 1 via brackets, poles and
the like.
[0020] The rear monitoring device 51B is configured
to monitor the rear of the asphalt finisher 100. In this
embodiment, the rear monitoring device 51B is a LIDAR
for monitoring a monitoring range RB situated behind the
screed 3, and attached to a guide rail 1G that functions
as a handrail. However, the rear monitoring device 51B
may be attached to a lower part of the driver’s seat 1S
as well, or may be attached to another part of the asphalt
finisher 100. Also, the rear monitoring device 51B may
be composed of a plurality of LIDARs. When composed
of multiple LIDARs, the rear monitoring device 51B can
monitor multiple non-overlapping monitoring ranges all
simultaneously. In this case, the LIDARs may include a
right rear LIDAR that is attached to the rear-end right-
side part of the tractor 1, and a left rear LIDAR that is
attached to the rear-end left-side part of the tractor 1.
Also, the LIDARs may be attached to the tractor 1 via
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brackets, poles, and the like.
[0021] The information acquiring device 51 may in-
clude side monitoring devices configured to monitor the
sides of the asphalt finisher 100. In this case, the side
monitoring devices may include a left monitoring device
and a right monitoring device. The left monitoring device
may, for example, serve as a LIDAR for monitoring a
monitoring range situated to the left of the tractor 1, and
be placed closer to the front than the rear wheel 5, in the
top left-end part of the tractor 1. The right monitoring de-
vice may, for example, serve as a LIDAR for monitoring
a monitoring range situated to the right of the tractor 1,
and be placed closer to the front than the rear wheel 5,
in the top right-end part of the tractor 1.
[0022] A LIDAR is configured, for example, to measure
the distances between a number of points within its mon-
itoring range, and the LIDAR. However, at least one of
the front monitoring device 51F and the rear monitoring
device 51B may be a monocular camera, a stereo cam-
era, a millimeter wave radar, a laser radar, a laser scan-
ner, a range image camera, a laser range finder, and so
forth. The same is true for the side monitoring devices.
[0023] The monitoring range RF of the front monitoring
device 51F preferably includes the roadbed BS and an
anchor point AP that is present outside the roadbed BS,
so that information about the width of the road targeted
for application can be acquired. The same is true for the
monitoring range of the side monitoring devices. With
this embodiment, the monitoring range RF has a width
greater than the width of the roadbed BS. The anchor
point AP is an L-shaped gutter block. The anchor point
AP may be the formwork for pavement, the curb block,
existing pavement, and so forth.
[0024] The monitoring range RB of the rear monitoring
device 51B preferably includes new pavement NP and
an anchor point AP that is present outside the new pave-
ment NP, so that information about the width of new pave-
ment NP can be acquired. In this embodiment, the mon-
itoring range RB has a width greater than the width of
new pavement NP.
[0025] The driving speed sensor 51S is configured to
detect the driving speed of the asphalt finisher 100. In
this embodiment, the driving speed sensor 51S is a wheel
speed sensor, and configured to detect the rotational an-
gular velocity and rotational angle of the rear wheel 5,
and, furthermore, the driving speed and the driving dis-
tance of the asphalt finisher 100.
[0026] The positioning device 51P is configured to es-
timate the position of the asphalt finisher 100. In this em-
bodiment, the positioning device 51P is a GNSS com-
pass, and configured to estimate the position and orien-
tation of the asphalt finisher 100. As shown in FIG. 1 and
FIG. 2, the GNSS compass that serves as the positioning
device 51P includes a left GNSS receiver 51PL, attached
to the upper end of a pole PL extending vertically upward
from a rear end part of the left leveling arm 3AL, and a
right GNSS receiver 51PR, attached to the upper end of
a pole PL (not shown) extending vertically upward from

a rear end part of the right leveling arm 3AR.
[0027] However, the positioning device 51P may be a
total station. In this case, a reflecting prism to serve as
the total station’s target is attached to the tip of the pole
PL. The main body of the total station, installed around
the asphalt finisher 100, is connected to the controller 50
via wireless communication. That is, the main body of
the total station transmits information that is derived with
regard to the target position, to the controller 50.
[0028] The communication device 51T is configured to
control communication between the asphalt finisher 100
and devices that are present apart from the asphalt fin-
isher 100. In this embodiment, the communication device
51T is installed in front of the driver’s seat 1S, and con-
figured to control communication via a mobile communi-
cation network, a short-range wireless communication
network, a satellite communication network, and so forth.
[0029] The information acquiring device 51 may in-
clude a steering angle sensor that is configured to detect
the steering angle of the asphalt finisher 100, and a pave-
ment width sensor that is configured to detect the amount
of expansion and contraction of the rear screed 31 to
calculate the pavement width.
[0030] Also, the information acquiring device 51 may
include a monitoring device that is installed at the con-
struction site or a monitoring device that is attached to
an aircraft flying over the asphalt finisher 100. The mon-
itoring device to be installed at the construction site is,
for example, a LIDAR or a monocular camera that is at-
tached to the tip of a pole installed along the road targeted
for application. The monitoring device to be attached to
an aircraft is, for example, a LIDAR or a monocular cam-
era that is attached to a multi-copter (drone) or an airship.
[0031] The on-vehicle display device 52 is configured
to display information related to the asphalt finisher 100.
With this embodiment, the on-vehicle display device 52
is a liquid crystal display that is installed in front of the
driver’s seat 1S. However, the on-vehicle display device
52 may also be installed in at least one of the left end
part and the right end part of the screed 3.
[0032] The steering device 53 is configured to control
the steering of the asphalt finisher 100. In this embodi-
ment, the steering device 53 is configured to extend and
contract a front wheel steering cylinder that is provided
near the front axle. To be more specific, the steering de-
vice 53 includes a steering electromagnetic control valve
for controlling the amount of hydraulic fluid that flows into
the front wheel steering cylinder from a hydraulic pump,
and the amount of hydraulic fluid that is discharged from
the front wheel steering cylinder. The steering electro-
magnetic control valve is configured to control the inflow
and outflow of hydraulic oil in the front wheel steering
cylinder in accordance with the rotation of the steering
wheel SH (handle) as the operating device. Also, the
steering electromagnetic control valve is configured to
control the inflow and outflow of hydraulic oil in the front
wheel steering cylinder in accordance with control com-
mands from the controller 50, regardless of the rotation
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of the steering wheel SH. That is, the controller 50 can
control the steering of the asphalt finisher 100 regardless
of whether the steering wheel SH is operated by the driver
or not.
[0033] When the asphalt finisher 100 is a crawler-type
asphalt finisher, the steering device 53 is configured to
control a pair of left and right crawlers. To be more spe-
cific, the steering device 53 includes a left electromag-
netic control valve for controlling the amount of hydraulic
oil that flows from the hydraulic pump to the left traveling
hydraulic motor for rotating the left crawler, and a right
electromagnetic control valve for controlling the amount
of hydraulic oil that flows from the hydraulic pump to the
right traveling hydraulic motor for rotating the right crawl-
er. The left electromagnetic control valve is configured
to control the inflow and outflow of hydraulic oil in the left
traveling hydraulic motor in accordance with the amount
of operation (inclination angle) of the left operating lever,
which is the operating device for operating the left crawl-
er. Also, the left electromagnetic control valve is config-
ured to control the inflow and outflow of hydraulic oil in
the left travelling hydraulic motor in accordance with con-
trol commands from the controller 50, regardless of
whether the left operating lever is operated by the driver.
the right electromagnetic control valve is configured to
control the inflow and outflow of hydraulic oil in the right
traveling hydraulic motor in accordance with the amount
of operation (inclination angle) of the right operating le-
ver, which is the operating device for operating the right
crawler. Also, the right electromagnetic control valve is
configured to control the inflow and outflow of hydraulic
oil in the right travelling hydraulic motor in accordance
with control commands from the controller 50, regardless
of whether the right operating lever is operated by the
driver.
[0034] Next, an example configuration of an automatic
steering system DS mounted on the asphalt finisher 100
will be described with reference to FIG. 3. FIG. 3 is a
block diagram showing an example configuration of the
automatic steering system DS.
[0035] The automatic steering system DS is composed
mainly of a controller 50, a front monitoring device 51F,
a rear monitoring device 51B, a driving speed sensor
51S, a positioning device 51P, a communication device
51T, an on-vehicle display device 52, a steering device
53, and so forth.
[0036] In the example shown in FIG. 3, the controller
50 includes a target calculation part 50a, a steering con-
trol part 50b, and a display control part 50c as functional
blocks.
[0037] The target calculation part 50a is configured to
calculate the target for use by the steering control part
50b. The target for use by the steering control part 50b
is, for example, a target trajectory, which is the trajectory
that a predetermined point on the asphalt finisher 100
should draw. The predetermined point is a point that is
associated with a predetermined part of the asphalt fin-
isher 100 in advance, and also referred to as a "steering

reference point" or a "control reference point." However,
the predetermined point may be a point that is associated
with a predetermined part of the asphalt finisher 100 on
a dynamic basis. Strictly speaking, the target trajectory
is a one-dimensional array of a number of target posi-
tions. A target position is a point in location that a prede-
termined point on the asphalt finisher 100 should reach.
Alternatively, a target for use by the steering control part
50b may be a target position that serves as a point in
location that a predetermined point on the asphalt finisher
100 should reach a predetermined time later. The pre-
determined time is, for example, several milliseconds,
several tens of milliseconds, several hundreds of milli-
seconds, or several seconds.
[0038] In this embodiment, the target calculation part
50a calculates the target trajectory that a predetermined
point in the center part of the tractor 1 should trace, based
on information related to the road targeted for application
such as construction design data. In this case, the target
trajectory is typically calculated before the asphalt finish-
er 100 starts running. Consequently, the target trajectory
may be calculated by a server or the like installed in a
management center that is located outside the asphalt
finisher 100, and then transmitted to the controller 50 via
communication. Note that the predetermined point may
be a point set in the center part of the front end part of
the hopper 2, not a point set in the center part of the
tractor 1. Also, in the event the asphalt finisher 100 is a
wheel-type asphalt finisher, the predetermined point may
be a point set at the position of the left front wheel, a point
set at the position of the right front wheel, or a point set
in the center part of the front wheel shaft.
[0039] The target calculation part 50a may calculate a
target position as a point in location that a predetermined
point in the center part of the tractor 1 should reach a
predetermined time later. In this case, the target position
is repeatedly calculated in a predetermined control cycle
while the asphalt finisher 100 is running. For example,
the target calculation part 50a may calculate, as a target
position, the widthwise center point of the road targeted
for application located a predetermined distance ahead
of the current position of the predetermined point in the
center part of the tractor 1, based on information acquired
by the front monitoring device 51F. The predetermined
distance is, for example, several centimeters or several
tens of centimeters. In this case, the target calculation
part 50a can calculate the target position without acquir-
ing construction design data. However, the target calcu-
lation part 50a may calculate the target position based
on construction design data and information acquired by
the front monitoring device 51F. For example, the target
calculation part 50a may correct the target position cal-
culated based on construction design data, based on in-
formation acquired by the front monitoring device 51F.
Also, the target calculation part 50a may utilize informa-
tion obtained by the rear monitoring device 51B.
[0040] The steering control part 50b is configured to
control the steering of the asphalt finisher 100 automat-
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ically, regardless of the operation of the operating device.
[0041] In this embodiment, the steering control part
50b outputs control commands to the steering device 53
such that a predetermined point in the center part of the
tractor 1 traces the target trajectory calculated by the
target calculation part 50a. To be more specific, the steer-
ing control part 50b determines the current position of
the predetermined point in the center part of the tractor
1, based on output of the positioning device 51P. Then,
if it is determined that the predetermined point deviates
to the right from the target trajectory, the steering control
part 50b outputs a control command to the steering de-
vice 53 such that the asphalt finisher 100 moves to the
left. Similarly, if it is determined that the predetermined
point deviates to the left from the target trajectory, the
steering control part 50b outputs a control command to
the steering device 53 such that the asphalt finisher 100
moves to the right.
[0042] Alternatively, the steering control part 50b may
output a control command to the steering device 53 so
as to position a predetermined point in the center part of
the tractor 1 at the target position calculated by the target
calculation part 50a. In this case, the steering control part
50b may determine the current position of the predeter-
mined point in the center part of the tractor 1 based on
output of the positioning device 51P, or the steering con-
trol part 50b may determine the current position of the
predetermined point in the center part of the tractor 1
based on output of at least one of the rear monitoring
device 51B and the front monitoring device 51F. In the
latter case, the positioning device 51P may be omitted.
[0043] Next, the function of moving the asphalt finisher
100 along the target trajectory will be described with ref-
erence to FIG. 4. FIG. 4 is a top view of a construction
site showing the asphalt finisher 100 passing a curved
section (left curve) of the road RD where construction is
taking place. Referring to FIG. 4, the asphalt finisher 100a
is the asphalt finisher 100 at a first point in time, which
is when the construction starts. Similarly, the asphalt fin-
isher 100b is the asphalt finisher 100 at a second point
in time, which is a predetermined time after the first time
point. The asphalt finisher 100c is the asphalt finisher
100 at a third point in time, which is a predetermined time
after the second time point. The asphalt finisher 100d is
the asphalt finisher 100 at a fourth point in time, which is
a predetermined time after the third time point. The as-
phalt finisher 100e is the asphalt finisher 100 at a fifth
point in time, which is a predetermined time after the
fourth time point. Note that, for clarity, FIG. 4 shows the
tractor 1, the front screed 30, the left rear screed 31L,
and the right rear screed 31R of the asphalt finisher 100,
in a simplified manner, and omits the illustration of the
hopper 2.
[0044] The target calculation part 50a of the controller
50 calculates a target trajectory TPT that a predeter-
mined point P in the center part of the tractor 1 should
trace at the first time point, which is when the construction
starts. In the example shown in FIG. 4, the predetermined

point P is represented by the symbol "o," and the target
trajectory TPT is represented by the dashed line. Refer-
encing the construction design data, the target calcula-
tion part 50a determines the center line CP of the road
targeted for application RD based on the left boundary
line LP and the right boundary line RP of the road targeted
for application RD. Then, the target calculation part 50a
sets the center line CP as a target trajectory TPS that
the predetermined point Q in the center part of the front
screed 30 should trace. In the example shown in FIG. 4,
the predetermined point Q is represented by the symbol
"n, " and the target trajectory TPS is represented by the
dashed line. Then, the target calculation part 50a calcu-
lates the target trajectory TPT that the predetermined
point P should trace, based on known information such
as the distance between the rear wheel 5 and the front
wheel 6 of the asphalt finisher 100, and the target trajec-
tory TPS.
[0045] In the example shown in FIG. 4, the left bound-
ary line LP, the right boundary line RP, the center line
CP, the target trajectory TPT that the predetermined point
P should trace, and the target trajectory TPS that the
predetermined point Q should trace are all derived as a
one-dimensional array of multiple position coordinates.
The position coordinates are, for example, coordinates
in a reference coordinate system.
[0046] The reference coordinate system is, for exam-
ple, the world geodetic system. The world geodetic sys-
tem is a three-dimensional orthogonal XYZ coordinate
system, which has its origin at the center of gravity of the
earth, and in which the axis to pass through the intersec-
tion of the Greenwich meridian and the equator, and the
origin is the X axis, the axis to pass through the intersec-
tion of the meridian of 90 degrees east longitude and the
equator, and the origin is the Y axis, and the axis to pass
through the north pole and the origin is the Z axis.
[0047] Subsequently, the steering control part 50b of
the controller 50 operates the asphalt finisher 100 such
that the actual position coordinates of the predetermined
point P match one of the position coordinates forming
the target trajectory TPT. To be more specific, the steer-
ing control part 50b determines the current position of
the predetermined point P in the center part of the tractor
1 based on output of the positioning device 51P. Then,
when the predetermined point P is positioned to the right
of the target trajectory TPT, the steering control part 50b
outputs a control command to the steering electromag-
netic control valve that constitutes the steering device
53, and a predetermined amount of hydraulic oil is intro-
duced into the bottom-side oil chamber of the front wheel
steering cylinder. As a result of this, the asphalt finisher
100 moves to the left while moving forward, and the pre-
determined point P is positioned closer to the target tra-
jectory TPT. On the other hand, when the predetermined
point P is positioned to the left of the target trajectory
TPT, the steering control part 50b outputs a control com-
mand to the steering electromagnetic control valve that
constitutes the steering device 53, and a predetermined
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amount of hydraulic oil is introduced into the rod-side oil
chamber of the front wheel steering cylinder. As a result
of this, the asphalt finisher 100 moves to the right while
moving forward, and the predetermined point P is posi-
tioned closer to the target trajectory TPT. Note that, with
this example, the front wheel steering cylinder is config-
ured such that the left steering angle increases when the
front wheel steering cylinder extends beyond a predeter-
mined length, and the right steering angle increases
when the front wheel steering cylinder contracts below a
predetermined length.
[0048] In this manner, the controller 50 can position
the predetermined point P, which is at the position of a
point Pa at the first time point, at a point Pb at the second
time point, at a point Pc at the third time point, at a point
Pd at the fourth time point, and at a point Pe at the fifth
time point. As a result, the controller 50 can position a
predetermined point Q, which is at the position of a point
Qa at the first time point, at a point Qb at the second time
point, at a point Qc at the third time point, at a point Qd
at the fourth time point, and at a point Qe at the fifth time
point.
[0049] In the example shown in FIG. 4, the left rear
screed 31L is extended leftward such that its left end
surface meets the left boundary line LP of the road RD,
the right rear screed 31R is extended rightward such that
its right end surface meets the right boundary line RP of
the road RD. Then, the left end surface of the left rear
screed 31L moves tracing the left boundary line LP, and
the right end surface of the right rear screed 31R moves
tracing the right boundary line RP. Consequently, the
controller 50 can make the width of the road RD and the
width of the new pavement NP match, by moving the
tractor 1 forward such that the predetermined point P in
the center part of the tractor 1 traces the target trajectory
TPT.
[0050] The controller 50 may extend and contract the
rear screed 31 while the asphalt finisher 100 is running.
For example, when there is a risk that the left end surface
of the left rear screed 31L will deviate from the left bound-
ary line LP into the road RD, the controller 50 may extend
the left rear screed 31L leftward. Alternatively, if there is
a risk that the right end surface of the right rear screed
31R will deviate from the right boundary line RP into the
road RD, the controller 50 may extend the right rear
screed 31R rightward.
[0051] Also, although, in the example illustrated in FIG.
4, the steering control part 50b controls the steering of
the asphalt finisher 100 while the asphalt finisher 100 is
running in the curved section of the road RD, the steering
control part 50b may control the steering of the asphalt
finisher 100 while the asphalt finisher 100 is running in
the straight section of the road RD.
[0052] Next, the function of moving the asphalt finisher
100 while determining the target position first-hand will
be described with reference to FIG. 5. FIG. 5 is a top view
of a construction site showing the asphalt finisher 100
passing a curved section of the road targeted for appli-

cation RD. Similar to FIG. 4, for clarity, FIG. 5 shows the
tractor 1, the front screed 30, the left rear screed 31L,
and the right rear screed 31R of the asphalt finisher 100,
in a simplified manner, and omits the illustration of the
hopper 2.
[0053] In the example shown in FIG. 5, the target cal-
culation part 50a of the controller 50 determines the cent-
er line CP of the road targeted for application RD based
on information acquired by the front monitoring device
51F. In the example shown in FIG. 5, the center line CP
is represented by the dotted line. To be more specific,
the target calculation part 50a determines the left bound-
ary line LP and the right boundary line RP of the road RD
based on information acquired by the front monitoring
device 51F, determines the center line CP of the road
RD based on the left boundary line LP and the right
boundary line RP. The information acquired by the front
monitoring device 51F is, for example, the position and
orientation of the step between the curb block and the
roadbed BS. Also, the target calculation part 50a deter-
mines the current position Pn of the predetermined point
P in the center part of the tractor 1 and the current position
Qn of the predetermined point Q in the center part of the
front screed 30. To be more specific, the target calcula-
tion part 50a determines the current position Pn of the
predetermined point P and the current position Qn of the
predetermined point Q based on output of the positioning
device 51P. In the example shown in FIG. 5, the prede-
termined point P is represented by the symbol "o," and
the predetermined point Q is represented by the symbol
"n."
[0054] That provided, the target calculation part 50a
calculates a target position Pf as a point in location that
the predetermined point P should reach a predetermined
time later. To be more specific, the target calculation part
50a calculates a target position Qf as a point in location
that the predetermined point Q should reach a predeter-
mined time later, based on construction design data and
the current position Pn of the predetermined point P, cal-
culates a target position Pf based on known information
such as the distance between the rear wheel 5 and the
front wheel 6, and the target position Qf. The target po-
sition Pf and the target position Qf are both derived as
position coordinates. The position coordinates are, for
example, coordinates in a reference coordinate system.
In the example shown in FIG. 5, the target position Pf is
represented the symbol "o" drawn by a dotted line, and
the target position Qf is represented by the symbol "n"
drawn by a dotted line.
[0055] Subsequently, the steering control part 50b of
the controller 50 operates the asphalt finisher 100 such
that the position coordinates of the predetermined point
P match the position coordinates of the target position
Pf. For example, the steering control part 50b determines
the central axis AX of the asphalt finisher 100 based on
output of the positioning device 51P. Then, when the tar-
get position Pf is positioned to the left of the center axis
AX, the steering control part 50b outputs a control com-
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mand to the steering electromagnetic control valve that
constitutes the steering device 53, and a predetermined
amount of hydraulic oil is introduced into the bottom-side
oil chamber of the front wheel steering cylinder. As a
result of this, the asphalt finisher 100 moves to the left
while moving forward, and the predetermined point P is
positioned closer to the target position Pf. On the other
hand, when the target position Pf is positioned to the right
of the center axis AX, the steering control part 50b outputs
a control command to the steering electromagnetic con-
trol valve that constitutes the steering device 53, and a
predetermined amount of hydraulic oil is introduced into
the rod-side oil chamber of the front wheel steering cyl-
inder. As a result of this, the asphalt finisher 100 moves
to the right while moving forward, and the predetermined
point P is positioned closer to the target position Pf. Note
that, with this example, the front wheel steering cylinder
is configured such that the left steering angle increases
when the front wheel steering cylinder extends beyond
a predetermined length, and the right steering angle in-
creases when the front wheel steering cylinder contracts
below a predetermined length. Thus, the controller 50
can position the predetermined point P at the target po-
sition Pf. As a result of this, the controller 50 can position
the predetermined point Q at the target position Qf.
[0056] The steering control part 50b may operate the
asphalt finisher 100 such that the position coordinates of
the predetermined point Q match the position coordi-
nates of the target position Qf. Alternatively, the steering
control part 50b may operate the asphalt finisher 100
such that the predetermined point Q approaches the
center line CP of the road RD. In this case, the steering
control part 50b determines, in a predetermined control
cycle, whether the predetermined point Q is positioned
on the center line CP of the road RD, positioned to the
right of the center line CP, or positioned to the left of the
center line CP. Then, the steering control part 50b shifts
the asphalt finisher 100 to the left when the predeter-
mined point Q is determined to be positioned to the right
of the center line CP, and shifts the asphalt finisher 100
to the right when the predetermined point Q is determined
to be positioned to the left of the center line CP.
[0057] Then, in the example shown in FIG. 5, the left
rear screed 31L is extended to the left such that its left
end surface meets the left boundary line LP of the road
RD, and the right rear screed 31R is extended to the right
such that its right end surface meets the right boundary
line RP of the road RD. Then, the left end surface of the
left rear screed 31L moves tracing the left boundary line
LP, and the right end surface of the right rear screed 31R
moves tracing the right boundary line RP. Consequently,
the controller 50 can make the width of the road RD and
the width of the new pavement NP match, by moving the
tractor 1 forward such that the predetermined point P in
the center part of the tractor 1 follows the target position
Pf calculated in a predetermined control cycle.
[0058] The controller 50 may extend and contract the
rear screed 31 while the asphalt finisher 100 is running.

For example, when there is a risk that the left end surface
of the left rear screed 31L will deviate from the left bound-
ary line LP into the road RD, the controller 50 may extend
the left rear screed 31L leftward. Alternatively, if there is
a risk that the right end surface of the right rear screed
31R will deviate from the right boundary line RP into the
road RD, the controller 50 may extend the right rear
screed 31R rightward.
[0059] Also, although, in the example illustrated in FIG.
5, the steering control part 50b controls the steering of
the asphalt finisher 100 while the asphalt finisher 100 is
running in the curved section of the road RD, the steering
control part 50b may control the steering of the asphalt
finisher 100 while the asphalt finisher 100 is running in
the straight section of the road RD.
[0060] Next, the effect of controlling the movement of
the asphalt finisher 100 automatically by means of the
steering device 53 will be described with reference to
FIG. 6A and FIG. 6B. FIG. 6A and FIG. 6B are each a
top view of a construction site showing the asphalt fin-
isher 100 passing a curved section of the road targeted
for application RD. To be more specific, FIG. 6A shows
the movement of the asphalt finisher 100 when automatic
steering by the steering device 53 is at work. FIG. 6B
shows the movement of the asphalt finisher 100 when
manual steering is at work such that the predetermined
point P in the center part of the tractor 1 traces the center
line CP of the road RD. In the example shown in FIG. 6A
and FIG. 6B, the predetermined point P in the center part
of the tractor 1 is represented by the symbol "o," and the
predetermined point Q in the center part of the front
screed 30 is represented by the symbol "n."
[0061] As shown in FIG. 6B, when steering is per-
formed manually such that the predetermined point P
traces the center line CP of the road RD, the predeter-
mined point Q in the center part of the front screed 30
traces the trajectory PS represented by the two-dot chain
line. That is, when the asphalt finisher 100 passes the
curved section of the road RD, the distance between the
front end of the right-side surface of the tractor 1 and the
right boundary line RP of the road RD changes while
remaining substantially equal to the distance between
the front end of the left-side surface of the tractor 1 and
the left boundary line LP of the road RD. On the other
hand, the distance between the front end of the right-side
surface of the front screed 30 and the right boundary line
RP of the road RD changes while remaining smaller than
the distance between the front end of the left-side surface
of the front screed 30 and the left boundary line LP of the
road RD. Consequently, pavement material is not laid in
the area inside the curved section of the road RD repre-
sented by the dot pattern, whereas, in the area outside
the curved section of the road RD represented by the
cross pattern, the pavement material overflows and is
laid beyond the right boundary line RP of the road RD.
[0062] In this way, assuming that the driver of the as-
phalt finisher 100 moves the asphalt finisher 100 such
that the tractor 1 is positioned at the widthwise center of
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the road RD when the asphalt finisher 100 passes the
curved section of the road RD, the screed 3 still cannot
be positioned at the widthwise center of the road RD.
[0063] In contrast with this, if, as shown in FIG. 4 and
FIG. 6A, the movement of the asphalt finisher 100 is au-
tomatically controlled by the steering device 53 such that
the predetermined point P traces the target trajectory
TPT, the predetermined point Q in the center part of the
front screed 30 traces the center line CP of the road RD
represented by the dashed line. That is, when the asphalt
finisher 100 passes the curved section of the road RD,
the distance between the front end of the right-side sur-
face of the tractor 1 and the right boundary line RP of the
road RD changes while remaining smaller than the dis-
tance between the front end of the left-side surface of
the tractor 1 and the left boundary line LP of the road RD.
On the other hand, the distance between the front end
of the right-side surface of the front screed 30 and the
right boundary line RP of the road RD changes while
remaining substantially equal to the distance between
the front end of the left-side surface of the front screed
30 and the left boundary line LP of the road RD. As a
result of this, the pavement material is laid reliably, even
in areas inside the curved section of the road RD, and
no pavement material overflows or and is laid beyond
the right boundary line RP of the road RD. That is, the
asphalt finisher 100 can make the width of the road tar-
geted for application RD and the width of new pavement
NP match even in curved sections of the road RD.
[0064] Thus, when the asphalt finisher 100 passes a
curved section of the road RD, the controller 50 moves
the asphalt finisher 100 so as to allow the tractor 1 to
approach the widthwise end parts of the road RD, thereby
positioning the screed 3 at the widthwise center of the
road RD.
[0065] As described above, the asphalt finisher 100
according to the embodiment of the present invention
has: a tractor 1; a hopper 2 installed in front of the tractor
1 and configured to receive pavement material; a con-
veyor CV configured to feed the pavement material in
the hopper 2 to the rear of the tractor 1; a screw SC
configured to spread, behind the tractor 1, the pavement
material fed by the conveyor CV; a screed 3 configured
to flatten, behind the screw SC, the pavement material
spread by the screw SC; an information acquiring device
51 configured to acquire information related to a road
targeted for application; and a control device 50 config-
ured to control the movement of the tractor 1 based on
a target trajectory TPT or a target position Pf that is de-
termined by information related to the road targeted for
application acquired by the information acquiring device
51.
[0066] Configured thus, the asphalt finisher 100 can
appropriately lay pavement along the road targeted for
application RD.
[0067] As shown in FIG. 4 or FIG. 5, the controller 50
may be configured such that, when the road targeted for
application RD curves to the left, the controller 50 moves

the target trajectory TPT or the target position Pf, in the
curved section of the road targeted for application RD,
to the outside (to the right) with respect to the center
(center line CP) of the road RD. Note that the target tra-
jectory TPT is, for example, a target trajectory that the
predetermined point P in the center part of the tractor 1
should trace, and the target position Pf is a point in loca-
tion that the predetermined point P should reach a pre-
determined time later.
[0068] The controller 50 may be configured to set the
target trajectory TPT or the target position Pf such that
the widthwise center of the road targeted for application
RD and the widthwise center of the screed 3 match. For
example, as shown in FIG. 4, the target calculation part
50a of the controller 50 may be configured to set the
target trajectory TPT or the target position Pf such that
the trajectory that the predetermined point Q in the center
part of the front screed 30 draws and the center line CP
of the road RD match.
[0069] This configuration allows the controller 50 to
make the width of the road RD and the width of new
pavement NP match not only when the asphalt finisher
100 passes straight sections of the road RD but also
when the asphalt finisher 100 passes curved sections.
[0070] The controller 50 may be also configured to set
the target trajectory TPT or the target position Pf such
that at least one of the two end parts of the screed 3 and
an anchor point match. For example, the target calcula-
tion part 50a of the controller 50 may set the target tra-
jectory TPT or the target position Pf such that, as shown
in FIG. 4, the left end part of the screed 3 and the left
boundary line LP of the road RD match, and the right end
part of the screed 3 and the right boundary line RP of the
road RD match. Alternatively, the target calculation part
50a of the controller 50 may set the target trajectory TPT
or the target position Pf such that the left end part of the
screed 3 and the left boundary line LP of the road RD
match. Alternatively, the target calculation part 50a of the
controller 50 may set the target trajectory TPT or the tar-
get position Pf such that the right end part of the screed
3 and the right boundary line RP of the road RD match.
[0071] Also, the controller 50 may be configured to set
the target trajectory TPT or the target position Pf based
on the distance, in the direction of the front and the rear,
between the predetermined point P, which serves as a
steering reference point, and the screed 3. For example,
the controller 50 may be configured to set the target tra-
jectory TPT or the target position Pf based on the dis-
tance, in the direction of the front and the rear, between
the predetermined point P and the predetermined point
Q in the center part of the front screed 30.
[0072] Also, the controller 50 may be configured to set
the target trajectory TPS or the target position Qf based
on the distance, in the direction of the front and the rear,
between the predetermined point P, which serves as a
steering reference point, and the screed 3. For example,
the controller 50 may be configured to set the target tra-
jectory TPS or the target position Qf based on the dis-
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tance, in the direction of the front and the rear, between
the predetermined point P and the predetermined point
Q in the center part of the front screed 30. Note that the
target trajectory TPS is, for example, a target trajectory
that the predetermined point Q in the center part of the
front screed 30 should trace, and the target position Qf
is a point in location that the predetermined point Q
should reach a predetermined time later.
[0073] In the event the asphalt finisher 100 is a wheel-
type asphalt finisher, the controller 50 may be configured
to control the movement of the tractor 1 by controlling
the steering angle of the front wheel 6. In the event the
asphalt finisher 100 is a crawler-type asphalt finisher, the
controller 50 may be configured to control the movement
of the tractor 1 by controlling the respective rotation
speeds of the left crawler and the right crawler separately.
[0074] Configured thus, the controller 50 can control
the movement of the asphalt finisher 100 automatically,
thereby properly laying pavement along the road targeted
for application RD, whether the asphalt finisher 100 is a
wheel-type asphalt finisher or a crawler-type asphalt fin-
isher.
[0075] The controller 50 may be configured to control
the movement of the tractor 1 such that the asphalt fin-
isher 100 moves along a target trajectory TPT that is set
in advance. To be more specific, the controller 50 may
be configured to control the movement of the tractor 1
such that the asphalt finisher 100 moves along a target
trajectory TPT that is set before the asphalt finisher 100
starts running. However, the controller 50 may be con-
figured to control the movement of the tractor 1 such that
the asphalt finisher 100 moves along a target trajectory
TPT that is calculated first-hand.
[0076] Configured thus, the controller 50 can easily
and reliably control the movement of the tractor 1 appro-
priately.
[0077] The information acquiring device 51 may be an
imaging device or a communication device 51T. The im-
aging device may also be a LIDAR, a monocular camera,
a stereo camera, a range image camera, and so forth.
[0078] A preferred embodiment of the present inven-
tion has been described above. However, the present
invention is by no means limited to the embodiment de-
scribed above. Various modifications or replacements
may be applied to the above-described embodiment with-
out departing from the scope of the present invention.
Also, all of the features described with reference to the
above embodiment may be combined as appropriate as
long as no technical inconsistencies arise therefrom.
[0079] For example, according to the embodiment de-
scribed above, the steering device 53 is configured to
extend and contract a front wheel steering cylinder that
is provided near the front axle. However, in the event a
hydraulic steering motor is employed instead of a front
wheel steering cylinder, the steering device 53 may be
configured to rotate the hydraulic steering motor. In this
case, the steering device 53 may include a steering elec-
tromagnetic control valve for controlling the amount of

hydraulic oil that flows from the hydraulic pump to the
hydraulic steering motor. The steering electromagnetic
control valve is configured to control the inflow and out-
flow of hydraulic oil in the hydraulic steering motor in ac-
cordance with the rotation of a steering wheel SH (han-
dle) that serves as an operating device. Also, the steering
electromagnetic control valve is configured to control the
inflow and outflow of hydraulic oil in the hydraulic steering
motor in accordance with control command from the con-
troller 50, regardless of the rotation of the steering wheel
SH. Alternatively, the steering device 53 may be config-
ured to control an electric motor that automatically rotates
the steering wheel SH. In this case, the steering device
can control the movement of the asphalt finisher 100 au-
tomatically by rotating the steering wheel SH automati-
cally in accordance with control commands from the con-
troller 50.
[0080] This application is based on and claims priority
to Japanese Patent Application No. 2020-056662, filed
on March 26, 2020, and the entire contents of this Jap-
anese patent application are incorporated herein by ref-
erence.
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[0081]

1 tractor

1G guide rail

1S driver’s seat

2 hopper

3 screed

3A leveling arm

3AL left leveling arm

3AR right leveling arm

5 rear wheel

6 front wheel

30 front screed

31 rear screed

43 mold board

50 controller

50a target calculation part

50b steering control part
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51 information acquiring device

51B rear monitoring device

51F front monitoring device

51P positioning device

51PL left GNSS receiver

51PR right GNSS receiver

51S driving speed sensor

51T communication device

52 on-vehicle display device

53 steering device

100 asphalt finisher

AP anchor point

BS roadbed

CV conveyor

DS automatic steering system

NP new pavement

PL pole

PV pavement material

SC screw

SH steering wheel

Claims

1. An asphalt finisher comprising:

a tractor;
a hopper installed in front of the tractor and con-
figured to receive pavement material;
a conveyor configured to feed the pavement ma-
terial in the hopper to rear of the tractor;
a screw configured to spread, behind the tractor,
the pavement material fed by the conveyor;
a screed configured to flatten, behind the screw,
the pavement material spread by the screw;
an information acquiring device configured to
acquire information related to a road targeted
for application; and
a control device configured to control movement

of the tractor based on a target trajectory or a
target position that is determined by information
related to the road targeted for application ac-
quired by the information acquiring device.

2. The asphalt finisher according to claim 1, wherein,
in a curved section of the road targeted for applica-
tion, the control device sets the target trajectory or
the target position on outside with respect to a center
of the road targeted for application.

3. The asphalt finisher according to claim 1, wherein
the control device sets the target trajectory or the
target position such that a widthwise center of the
road targeted for application and a widthwise center
of the screed match.

4. The asphalt finisher according to claim 1, wherein
the control device sets the target trajectory or the
target position such that at least one of two end parts
of the screed matches an anchor point.

5. The asphalt finisher according to claim 1, wherein
the controller controls movement of the tractor by
controlling a steering angle of a front wheel when
the asphalt finisher is a wheel-type asphalt finisher,
and controls the movement of the tractor by control-
ling respective control speeds of a left crawler and
a right crawler individually when the asphalt finisher
is a crawler-type asphalt finisher.

6. The asphalt finisher according to claim 1, wherein
the control device controls movement of the tractor
such that the asphalt finisher moves along a target
trajectory that is set in advance.

7. The asphalt finisher according to claim 1, wherein
the information acquiring device is an imaging device
or a communication device.

8. The asphalt finisher according to claim 1, wherein
the control device sets the target trajectory or the
target position based on a distance, in a direction of
front and rear, between a steering reference point
and the screed.
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