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(57) A swiveling work machine (1) includes: a swivel
base (2) rotatable about a swivel axis (X) extending in
an up-down direction; a working device (20) provided on
the swivel base (2); a position detector (50) provided on
the swivel base (2) to detect a position; and a calculator
(31) to calculate an orientation (D) of the swivel base (2)
based on a detected position (Pd) which is the position
detected by the position detector (50), in which the cal-
culator (31) is configured or programmed to calculate an
axis position (Px) which is a position of the swivel axis
(X) based on a plurality of the detected positions (Pd)
obtained during rotation of the swivel base (2) about the
swivel axis (X), and calculate the orientation (D) of the
swivel base (2), based on the axis position (Px) and the
detected position (Pd).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a swiveling
work machine and a method for detecting an orientation
of the swiveling work machine.

Description of the Related Art

[0002] A loading machine disclosed in Patent Litera-
ture 1 is known.
[0003] The loading machine disclosed in Japanese
Unexamined Patent Application Publication No.
2022-75200 (Patent Literature 1) is, for example, a back-
hoe such as a hydraulic excavator including a working
device provided rotatably in an up-down direction with
respect to a machine main body, and has a loading ma-
chine orientation sensor for measuring an orientation of
the loading machine. The loading machine orientation
sensor is, for example, a dual antenna global positioning
system (GPS) that includes two antennas and measures
an orientation from relative positions of antenna positions
acquired by the respective antennas.

SUMMARY OF THE INVENTION

[0004] In the loading machine of Patent Literature 1,
the orientation of the loading machine can be measured
by the loading machine orientation sensor including the
dual antenna GPS.
[0005] Here, in order to improve the measurement ac-
curacy of the orientation of the loading machine, it is con-
sidered to adopt a device such as a global navigation
satellite system (GNSS) receiver having high position de-
tection accuracy as a position detector including the dual
antenna GPS. However, since the GNSS receiver or the
like is relatively expensive, there is a problem in that the
manufacturing cost of the loading machine is increased
by providing a plurality of GNSS receivers or the like as
the dual antenna GPS.
[0006] The present invention has been made to solve
such a problem of the related art, and it is an object of
the present invention to provide a swiveling work ma-
chine that can detect the orientation of a swivel base by
using a single position detector and a method for detect-
ing the orientation of a swiveling work machine.
[0007] A swiveling work machine according to an as-
pect of the present invention includes: a swivel base ro-
tatable about a swivel axis extending in an up-down di-
rection; a working device provided on the swivel base; a
position detector provided on the swivel base to detect
a position; and a calculator to calculate an orientation of
the swivel base based on a detected position which is
the position detected by the position detector, wherein
the calculator is configured or programmed to calculate

an axis position which is a position of the swivel axis
based on a plurality of the detected positions obtained
during rotation of the swivel base about the swivel axis,
and calculate the orientation of the swivel base based on
the axis position and the detected position.
[0008] The calculator may be configured or pro-
grammed to calculate the axis position of the swivel axis
based on a plurality of the detected positions obtained
during a period from when the swivel base starts the ro-
tation to when the swivel base stops the rotation.
[0009] The swiveling work machine may further in-
clude an angle detector provided in or on the swivel base
to detect a swivel angle which is an angle of rotation of
the swivel base about the swivel axis. The calculator may
be configured or programmed to calculate a current ori-
entation of the swivel base based on a reference orien-
tation and the swivel angle which is an angle of rotation
from a swivel position corresponding to the reference ori-
entation to a current swivel position, the reference orien-
tation being the orientation of the swivel base calculated
based on the axis position and on one of the plurality of
detected positions used to calculate the axis position.
[0010] The calculator may be configured or pro-
grammed to calculate the axis position of the swivel axis
based on a plurality of the detected positions obtained
during a period from when the swivel base starts the ro-
tation to when the swivel base stops the rotation, and
calculate the current orientation of the swivel base based
on the reference orientation and on a difference between
a swivel angle obtained when the swivel base stops the
rotation and a current swivel angle.
[0011] The calculator may include a filter processor
configured or programmed to filter the plurality of detect-
ed positions obtained during the rotation of the swivel
base. The filter processor may be configured or pro-
grammed to exclude one or more of the plurality of de-
tected positions that are located outside a substantially
arc-shaped area including an arc having a radius equal
to a distance from the swivel axis to the position detected
by the position detector.
[0012] The swiveling work machine may further in-
clude a tilt detector to detect a tilt angle of the swivel
base. The filter processor may be configured or pro-
grammed to correct the area based on the tilt angle de-
tected by the tilt detector.
[0013] The calculator may be configured or pro-
grammed to calculate a circular or elliptic approximate
line based on the plurality of detected positions obtained
during the rotation of the swivel base, and calculate the
axis position based on the approximate line.
[0014] The calculator may be configured or pro-
grammed to calculate, using a least squares method us-
ing an equation of a circle or an ellipse, the approximate
line of the plurality of detected positions obtained during
the rotation of the swivel base.
[0015] The swiveling work machine may further in-
clude a lower traveling body to travel and to support the
swivel base such that the swivel base is rotatable about
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the swivel axis. The calculator may be configured or pro-
grammed to calculate the axis position based on the plu-
rality of detected positions obtained during the rotation
of the swivel base that is performed for the first time after
the lower traveling body stops after traveling.
[0016] The position detector may be located at a posi-
tion away from the swivel axis in a horizontal direction.
[0017] The position detector may be located at an end
portion of the swivel base.
[0018] A method of detecting an orientation of a
swiveling work machine according to an aspect of the
present invention includes: a first step including causing
a swivel base provided with a working device to rotate
about a swivel axis extending in an up-down direction
and causing a position detector provided on the swivel
base to detect a plurality of detected positions; a second
step including calculating an axis position which is a po-
sition of the swivel axis based on the plurality of detected
positions detected by the position detector; and a third
step including calculating an orientation of the swivel
base based on the axis position calculated in the second
step and a current detected position.
[0019] With the swiveling work machine and the meth-
od for detecting the orientation of the swiveling work ma-
chine, the orientation of the swivel base can be detected
by using a single position detector.
[0020] The above and other elements, features, steps,
characteristics and advantages of the present invention
will become more apparent from the following detailed
description of the preferred embodiments with reference
to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] A more complete appreciation of preferred em-
bodiments of the present invention and many of the at-
tendant advantages thereof will be readily obtained as
the same becomes better understood by reference to the
following detailed description when considered in con-
nection with the accompanying drawings described be-
low.

FIG. 1 is a schematic side view illustrating a swiveling
work machine.
FIG. 2 is a schematic plan view illustrating the
swiveling work machine.
FIG. 3 is a diagram for describing a system of the
swiveling work machine.
FIG. 4 is a plan view illustrating a case where a swivel
base rotates about a swivel axis.
FIG. 5 is a plan view illustrating detected positions
obtained when the swivel base rotates about the
swivel axis.
FIG. 6A is a first diagram illustrating an example of
filtering performed by a filter processor.
FIG. 6B is a second diagram illustrating the example
of the filtering performed by the filter processor.
FIG. 7A is a first diagram illustrating an example of

an approximate line determined by a second deter-
miner.
FIG. 7B is a second diagram illustrating an example
of an approximate line determined by the second
determiner.
FIG. 8 is a diagram illustrating an example of a ref-
erence orientation determined by a third determiner
and a current orientation determined by a fourth de-
terminer.
FIG. 9 is a flowchart in which a calculator calculates
an orientation.
FIG. 10 illustrates how to determine the position of
a swing body.
FIG. 11 is a diagram for describing calculation of an
orientation in the first modification example.
FIG. 12 is a partial flowchart in which the calculator
calculates the orientation in the first modification ex-
ample.
FIG. 13 is a diagram for describing a system of the
swiveling work machine in the first modification ex-
ample.
FIG. 14 is a partial flowchart in which the calculator
calculates the orientation in a second modification
example.
FIG. 15 is a diagram for describing a system of the
swiveling work machine in a third modification ex-
ample.
FIG. 16 is a partial flowchart in which the calculator
calculates the orientation in the third modification ex-
ample.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] The preferred embodiments will now be de-
scribed with reference to the accompanying drawings,
wherein like reference numerals designate correspond-
ing or identical elements throughout the various draw-
ings. The drawings are to be viewed in an orientation in
which the reference numerals are viewed correctly.
[0023] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
[0024] First, an overall configuration of a swiveling
work machine 1 will be described. FIG. 1 is a schematic
side view illustrating the swiveling work machine 1. In
addition, FIG. 2 is a schematic plan view illustrating the
swiveling work machine 1. As illustrated in FIGS. 1 and
2, the swiveling work machine 1 is, for example, a back-
hoe or the like including a swivel base 2, a cabin 5, a
lower traveling body 10, and a working device 20. An
operator’s seat 6 is provided on the swivel base 2.
[0025] Hereinafter, a direction in which an operator
seated on the operator’s seat 6 of the swiveling work
machine 1 faces (the direction of an arrow A1 in FIGS.
1, 2, and the like) is referred to as front, and a direction
opposite thereto (the direction of an arrow A2 in FIGS.
1, 2, and the like) is referred to as rear. In addition, the
left side of the operator (front in FIG. 1, the direction of
an arrow B1 in FIG. 2) is referred to as left, and the right
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side of the operator (back in FIG. 1, the direction of an
arrow B2 in FIG. 2) is referred to as right. Furthermore,
a horizontal direction orthogonal to the front-rear direc-
tion is referred to as a width direction (see FIG. 2).
[0026] The swivel base 2 is rotatable about a swivel
axis (vertical axis) X extending in the up-down direction.
The swivel base 2 has a swivel substrate 17 and a weight
18. The swivel substrate 17 is supported on the lower
traveling body 10 via a swivel bearing 3 so as to be ca-
pable of swiveling to the left and right. The center of the
swivel bearing 3 is the swivel axis X, and a swivel motor
MT is attached to the swivel substrate 17. The swivel
motor MT is a hydraulic device that is driven with hydrau-
lic fluid delivered from a hydraulic pump (omitted from
illustration) provided on the swivel substrate 17, and is a
motor that rotatably drives the swivel substrate 17 about
the swivel axis X. The weight 18 is provided at a rear
portion of the swivel base 2.
[0027] The lower traveling body 10 includes a traveling
frame (track frame) 11 and a traveling mechanism 12.
The traveling frame 11 is a structure to which the traveling
mechanism 12 is attached and which supports the swivel
base 2 on an upper portion thereof.
[0028] The traveling mechanism 12 is, for example, a
crawler-type traveling device. The traveling mechanism
12 includes an idler 13, a driving wheel 14, a plurality of
rolling wheels 15, an endless crawler belt 16, and
traveling motors ML and MR driven with the hydraulic
fluid delivered from the hydraulic pump. The traveling
motors ML and MR include hydraulic motors and drive
the driving wheel 14 to circulate the crawler belt 16 in the
circumferential direction. A dozer device 29 is provided
at a front portion of the traveling mechanism 12.
[0029] The swivel base 2 has a support bracket 7 pro-
vided at a front portion thereof. The support bracket 7
has a swing bracket 8 mounted thereon. The swing brack-
et 8 is supported by the support bracket 7 so as to be
swingable about an axis in the longitudinal direction. The
swing bracket 8 is swung by expansion and contraction
of a swing cylinder (omitted from illustration) attached to
the swivel base 2. Note that in the examples illustrated
in FIGS. 1 and 2, as illustrated in FIG. 2, the support
bracket 7 is provided at a position biased rightward from
the center in the width direction of the swivel substrate
17 (on a straight line SL passing through the swivel axis
X and extending in the front-rear direction).
[0030] As illustrated in FIG. 1, the working device 20
is provided on the swivel base 2. The working device 20
has a swing body and a bucket 25. In the present em-
bodiment, the swing body has a boom 21 and an arm 23.
The bucket 25 is attached to the distal end of the arm 23,
which is a swing body, such that its posture can be
changed.
[0031] The bucket 25 has a bracket 27 provided at the
base end thereof. The bucket 25 is attached to the distal
end of the arm 23 via the bracket 27. The bucket 25 has
a sidewall 25A, a bottom wall 25B, and a bucket claw
25C. The sidewall 25A includes a left sidewall and a right

sidewall. The bottom wall 25B connects the left sidewall
and the right sidewall. The bucket claw 25C is provided
at the distal end of the bucket 25.
[0032] The working device 20 has a boom cylinder 21a,
an arm cylinder 23a, and a bucket cylinder 25a as driving
mechanisms (hydraulic actuators and the like) of the
boom 21, the arm 23, and the bucket 25. The boom cyl-
inder 21a, the arm cylinder 23a, and the bucket cylinder
25a include hydraulic cylinders.
[0033] A base end portion of the boom 21 is pivotally
supported by the swing bracket 8 so as to be swingable
about a first rotation axis 22. A base end portion of the
arm 23 is pivotally supported by a distal end portion of
the boom 21 so as to be swingable about a second ro-
tation axis 24. A base end portion of the bucket 25 is
pivotally supported by a distal end portion of the arm 23
so as to be swingable about a third rotation axis 26. The
boom 21 swings up and down by expansion and contrac-
tion of the boom cylinder 21a. The arm 23 swings up and
down by expansion and contraction of the arm cylinder
23a. The bucket 25 performs a shovel operation/dump
operation by expansion and contraction of the bucket cyl-
inder 25a.
[0034] The swivel base 2 has a control valve (omitted
from illustration) mounted on a right portion thereof. The
control valve controls the supply of the hydraulic fluid to
a hydraulic actuator for swiveling the swivel base 2, driv-
ing the traveling mechanism 12, driving the working de-
vice 20, and the like. The swivel base 2 has a prime mover
4, a hydraulic pump (omitted from illustration), and the
like mounted on a rear portion thereof. The prime mover
4 is an internal combustion engine such as a diesel en-
gine or a gasoline engine, an electric motor, or the like.
The prime mover 4 may be of a hybrid type having both
an internal combustion engine and an electric motor.
[0035] The swivel base 2 has the cabin 5 mounted on
an upper portion thereof. The cabin 5 is an operator’s
seat protector that protects the operator’s seat 6. Instead
of the cabin 5, a canopy may be mounted as the opera-
tor’s seat protector.
[0036] Around the operator’s seat 6, there are provided
an operation device 40 including a swivel lever for
swiveling the swivel base 2, a traveling lever for operating
the traveling mechanism 12, and an operation lever for
operating the working device 20 (all of which are omitted
from illustration).
[0037] FIG. 3 is a diagram for describing a system of
the swiveling work machine 1. As illustrated in FIG. 3,
the swiveling work machine 1 includes a controller 30, a
memory 34, and a display 35. The controller 30, the mem-
ory 34, and the display 35 can communicate with each
other via an in-vehicle communication network N such
as a controller area network (CAN) or FlexRay.
[0038] The controller 30 is a device that controls vari-
ous devices included in the swiveling work machine 1.
The controller 30 includes electric/electronic compo-
nent(s), program(s), and/or the like. The memory 34 is a
non-volatile memory or the like, stores an operating sys-
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tem and various kinds of application software, and can
store various programs and/or the like and various kinds
of information related to the swiveling work machine 1.
[0039] The display 35 includes a display screen 35a
for displaying various kinds of information about the
swiveling work machine 1, such as information related
to the swiveling work machine 1. For example, the
swiveling work machine 1 includes a vehicle speed de-
tector (vehicle speed sensor) 53 that detects the speed
(vehicle speed) of the traveling mechanism 12, and the
display 35 can display the vehicle speed detected by the
vehicle speed detector 53 on the display screen 35a. The
vehicle speed detector 53 is connected to the controller
30, and outputs a signal (vehicle speed signal) related
to the detected vehicle speed to the controller 30. The
controller 30 causes the display 35 to display the vehicle
speed based on the vehicle speed signal. The display
screen 35a of the display 35 is disposed at a position (for
example, in front of, obliquely in front of, or on a side of
the operator’s seat 6) such that the operator seated on
the operator’s seat 6 in the cabin 5 can visually recognize
the display screen 35a. Note that the display screen 35a
may be capable of performing various kinds of setting
related to the swiveling work machine 1.
[0040] Based on position information of a detected po-
sition Pd detected by a position detector 50 provided on
the swivel base 2, the swiveling work machine 1 can cal-
culate an orientation D of the swivel base 2. Based on
the calculated orientation D of the swivel base 2, the
swiveling work machine 1 can further calculate a position
Pw of the swing body. Here, the orientation D of the swivel
base 2 is, for example, a direction in a horizontal plane
in which the working device 20 on the swivel base 2 faces,
and is a direction indicated by the distal end (the bucket
25) of the working device 20 on the straight line SL pass-
ing through the swivel axis X and extending in the front-
rear direction. Note that the orientation D of the swivel
base 2 may be a direction in a horizontal plane indicating
a predetermined point on the swivel base 2 with reference
to the swivel axis X, and is not limited to a direction indi-
cated by the distal end of the working device 20 on the
straight line SL.
[0041] Calculation of the orientation D of the swivel
base 2 by the swiveling work machine 1 will be described
below in detail. As illustrated in FIG. 3, the swiveling work
machine 1 includes the position detector 50, a tilt detector
51, an angle detector 52, and a calculator (orientation
calculator) 31.
[0042] The position detector 50 is a device that detects
the detected position Pd, which is the position of the po-
sition detector 50. The position detector 50 outputs po-
sition information (measured position information includ-
ing latitude and longitude, and position coordinates in the
present embodiment) of the detected position Pd as a
signal (position signal) to the controller 30. In the present
embodiment, the position detector 50 detects the detect-
ed position Pd by using a well-known global positioning
system (GPS), which is an example of a global navigation

satellite system (GNSS). As illustrated in FIGS. 1 and 2,
the position detector 50 is disposed at a position away
from the swivel axis X.
[0043] FIG. 4 is a plan view illustrating a case where
the swivel base 2 rotates about the swivel axis X. As
illustrated in FIG. 4, in a state where the lower traveling
body 10 stops traveling, if the swivel base 2 rotates about
the swivel axis X, a position P’ corresponding to the de-
tected position Pd of the position detector 50 forms an
arc-shaped locus having a radius R1 equal to a distance
L1 between the swivel axis X and the position P’. FIG. 5
is a plan view illustrating detected positions Pd obtained
when the swivel base 2 rotates about the swivel axis X.
[0044] Note that an x-axis direction in FIG. 5 and the
like coincides with the longitude direction, and a y-axis
direction coincides with the latitude direction. In FIG. 5
and the like, for convenience of description, a case is
illustrated where the traveling direction (front-rear direc-
tion) of the lower traveling body 10 is oriented in the y-
axis direction and the width direction of the lower traveling
body 10 is oriented in the x-axis direction.
[0045] As illustrated in FIGS. 1 and 2, in the present
embodiment, the position detector 50 is mounted on a
rear upper portion of the cabin 5 via a bracket 50a. In
addition, in the example illustrated in FIG. 2, the position
detector 50 is provided at the center in the width direction
of the swivel substrate 17.
[0046] Note that the position at which the position de-
tector 50 is mounted is not limited to the position illus-
trated in FIGS. 1 and 2 and the like, and the position
detector 50 may be mounted at any position as long as
the position detector 50 can detect a predetermined po-
sition horizontally away from the swivel axis X on the
swivel base 2. For example, the position detector 50 may
be mounted on a roof 5a of the cabin 5, or may be pro-
vided on the weight 18, a frame (omitted from illustration),
or an exterior cover 9 provided on the swivel base 2.
However, in order to improve the reception accuracy of
a measured position signal of the GNSS, it is preferable
to provide the position detector 50 on the swivel base 2
at a relatively high position. In addition, in order to in-
crease the detection accuracy of the orientation D, it is
preferable to provide the position detector 50 at a position
where a horizontal distance from the swivel axis X is
large.
[0047] For convenience of description, as an example,
a case will be described below in which, as illustrated in
FIG. 2, the position detector 50 is mounted on the rear
upper portion of the cabin 5 and is disposed at the rear
of the swivel axis X and at the center in the width direction.
[0048] The tilt detector 51 is a device that detects a tilt
angle of the swivel base 2 with respect to a horizontal
plane. The tilt detector 51 outputs the detected tilt angle
of the swivel base 2 as a signal (tilt signal) to the controller
30. In the present embodiment, the tilt detector 51 is an
inertial measurement unit (IMU). The inertial measure-
ment unit includes an acceleration sensor that detects
acceleration, a gyroscope sensor that detects angular
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velocity, and the like. The inertial measurement unit is
provided on the swivel base 2, for example, below the
operator’s seat 6, and can detect a roll angle, a pitch
angle, a yaw angle, and the like of the swivel base 2.
Note that the tilt detector 51 is not limited to the inertial
measurement device described above, and may be a two
axis tilt sensor as long as the tilt detector 51 can detect
the roll angle and the pitch angle as the tilt angle of the
swivel base 2.
[0049] The angle detector 52 is a device that detects
a swivel angle θ of the swivel base 2 about the swivel
axis X with respect to the lower traveling body 10. The
angle detector 52 outputs the detected swivel angle θ as
a signal (angle signal) to the controller 30. In the present
embodiment, the angle detector 52 is a rotary encoder.
In the present embodiment, the swivel angle θ is an angle
formed by the straight line SL at an initial position of the
swivel base 2 (for example, a position of the swivel base
2 in a case where a front portion of the working device
20 and a front portion of the lower traveling body 10 co-
incide with each other) and the straight line SL at a po-
sition after rotation of the swivel base 2.
[0050] Furthermore, the angle detector 52 is an incre-
mental rotary encoder. Therefore, the angle detector 52
outputs, to the controller 30, a pulse corresponding to a
rotation displacement amount of the axis as the angle
signal indicating the swivel angle θ. Note that the angle
detector 52 is not limited to the incremental type rotary
encoder, and may be an absolute type rotary encoder.
In such a case, the angle detector 52 outputs, to the con-
troller 30, an absolute position from the origin in the form
of a code corresponding to the rotation angle, as the an-
gle signal indicating the swivel angle θ.
[0051] Note that the angle detector 52 is not limited to
the rotary encoder as long as it can detect the swivel
angle θ. In addition, the angle detector 52 may be pro-
vided on the swivel base 2, or may be provided on the
lower traveling body 10.
[0052] The calculator 31 includes electric/electronic
component(s) provided in the controller 30, program(s)
incorporated in the memory 34, and/or the like. The cal-
culator 31 calculates the orientation D of the swivel base
2, based on the detected position Pd detected by the
position detector 50. Specifically, if the lower traveling
body 10 stops after traveling and the swivel base 2 rotates
about the swivel axis X for a first time, the calculator 31
calculates an approximate line AL of a circle or an ellipse
based on a plurality of detected positions Pd obtained
from the start of the rotation of the swivel base 2 to the
stop (end) of the rotation. Based on the approximate line
AL, the calculator 31 calculates an axis position Px of the
swivel axis X (position coordinates of the swivel axis X).
Based on the axis position Px and a detected position
Pd (one of the detected positions Pd used for calculation
of the axis position Px), the calculator 31 calculates the
orientation D of the swivel base 2 (a reference orientation
D1, which is a direction indicated by the distal end of the
working device 20 on a straight line SL2 passing through

the swivel axis X and extending in the front-rear direction
when the swivel base 2 stops rotation). In the present
embodiment, the calculator 31 calculates the reference
orientation D1, based on the axis position Px and a ref-
erence position Pp, which is an average of any of the
detected positions Pd used for calculation of the axis po-
sition Px and indicates a position obtained when the swiv-
el base 2 stops rotation. Then, based on the swivel angle
θ which is an angle of rotation from a swivel position (an-
gular position) corresponding to the reference orientation
D1 to a current swivel position (a difference between the
swivel angle θ obtained when the swivel base 2 stops
rotation and the current swivel angle θ) and the reference
orientation D1, the calculator 31 calculates a current ori-
entation D2 of the swivel base 2 (a direction indicated by
the distal end of the working device 20 on a straight line
SL3 passing through the swivel axis X and extending in
the front-rear direction).
[0053] As illustrated in FIG. 3, the calculator 31 in-
cludes a first acquirer 31a, a second acquirer 31b, a third
acquirer 31c, a fourth acquirer 31d, a first determiner
31e, a filter processor 31f, a second determiner 31g, a
third determiner 31h, and a fourth determiner 31i. The
first acquirer 31a, the second acquirer 31b, the third ac-
quirer 31c, the fourth acquirer 31d, the first determiner
31e, the filter processor 31f, the second determiner 31g,
the third determiner 31h, and the fourth determiner 31i
include electric/electronic component(s) provided in the
controller 30, program(s) incorporated in the memory 34,
and/or the like.
[0054] The first acquirer 31a acquires the vehicle
speed of the lower traveling body 10, based on the vehicle
speed signal output from the vehicle speed detector 53
to the controller 30. The first acquirer 31a acquires the
vehicle speed, based on the vehicle speed signal and an
arithmetic expression, an arithmetic map, or the like
stored in the memory 34. For example, the first acquirer
31a acquires the vehicle speed in a case where the lower
traveling body 10 travels forward as a positive value and
acquires the vehicle speed in a case where the lower
traveling body 10 travels backward as a negative value
among vehicle speeds detected by the vehicle speed de-
tector 53.
[0055] The second acquirer 31b acquires the position
information (position coordinates) of the detected posi-
tions Pd, based on position signals output from the po-
sition detector 50 to the controller 30. The second ac-
quirer 31b acquires the detected positions Pd detected
by the position detector 50 as position coordinates, based
on the position signals and the arithmetic expression or
the like stored in the memory 34. Note that the second
acquirer 31b stores the position information and the times
at which the position detector 50 detects the detected
positions Pd in the memory 34 in association with each
other.
[0056] The third acquirer 31c acquires the roll angle
and the pitch angle of the swivel base 2, based on the
tilt signal output from the tilt detector 51 to the controller
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30. The third acquirer 31c acquires the roll angle and the
pitch angle, based on tilt signal and the arithmetic ex-
pression or the like stored in the memory 34.
[0057] The fourth acquirer 31d acquires the rotation
direction and the swivel angle θ of the swivel base 2,
based on an angle signal output from the angle detector
52 to the controller 30. The fourth acquirer 31d acquires
a rotation direction and the swivel angle θ, based on the
angle signal and the arithmetic expression or the like
stored in the memory 34.
[0058] For example, the fourth acquirer 31d acquires
the rotation direction of the swivel base 2, based on out-
put timings of an A-phase pulse and a B-phase pulse
input from the angle detector 52. The fourth acquirer 31d
also acquires the swivel angle θ by counting the pulses
input from the angle detector 52 with the case where the
swivel base 2 is located at a predetermined initial position
as zero. Therefore, the fourth acquirer 31d can redefine
the initial position by initializing (resetting) the count. The
initial position is a predetermined position, and is a rota-
tion position of the swivel base 2 in a case where the
fourth acquirer 31d initializes the count at a given timing.
In addition, the fourth acquirer 31d acquires, with the
swivel angle θ at the initial position as zero, the swing
angle θ in a case where the swivel base 2 rotates coun-
terclockwise in plan view as a positive value, and the
swivel angle θ in a case where the swivel base 2 rotates
clockwise in plan view as a negative value.
[0059] The first determiner 31e extracts detected po-
sitions Pd satisfying a predetermined condition from the
detected positions Pd detected by the position detector
50, as detected positions Pd (candidate positions Pc) to
be used for calculation of the orientation D. In the present
embodiment, the candidate positions Pc are detected po-
sitions Pd from the start of rotation to the stop of the
rotation in a case where the lower traveling body 10 stops
after traveling and the swivel base 2 rotates for the first
time.
[0060] The first determiner 31e determines that the
lower traveling body 10 is traveling (in a traveling state)
if the absolute value of the vehicle speed acquired by the
first acquirer 31a exceeds a predetermined first threshold
(for example, zero). The first determiner 31e also deter-
mines that the lower traveling body 10 is stopped (in a
non-traveling state) if the absolute value of the vehicle
speed acquired by the first acquirer 31a is lower than or
equal to the predetermined first threshold.
[0061] Here, during work with the swiveling work ma-
chine 1, the operator operates the swiveling work ma-
chine 1 to move the lower traveling body 10 to the work
site, and then rotates the swivel base 2. Therefore, the
first determiner 31e can extract the candidate positions
Pc satisfying the above-described condition while the op-
erator performs usual work, without performing a special
operation before performing the work.
[0062] The first determiner 31e determines that the
lower traveling body 10 is rotating (in a rotating state) if
the absolute value of a change amount of the swivel angle

θ acquired by the fourth acquirer 31d exceeds a prede-
termined second threshold. The first determiner 31e also
determines that the lower traveling body 10 is stopped
(in a rotation stopped state) if the absolute value of the
change amount of the swivel angle θ acquired by the
fourth acquirer 31d is lower than or equal to the prede-
termined second threshold. In the present embodiment,
the second threshold is zero, and the first determiner 31e
determines that the swivel base 2 is in the rotating state
if the pulse is input from the angle detector 52, and de-
termines that the swivel base 2 is in the rotation stopped
state if the pulse is not input from the angle detector 52.
[0063] Therefore, if the lower traveling body 10 has
transitioned from the rotation stopped state to the rotating
state and the pulse is input from the angle detector 52,
the first determiner 31e determines that the swivel base
2 starts rotation. On the other hand, if the lower traveling
body 10 has transitioned from the rotating state to the
rotation stopped state and the pulse is not input from the
angle detector 52, the first determiner 31e determines
that the swivel base 2 stops rotation.
[0064] The condition of the candidate positions Pc is
not limited to the above-described condition, and the first
determiner 31e may determine, as the candidate posi-
tions Pc, detected positions Pd within a predetermined
time before the swivel base 2 starts rotation and detected
positions Pd within a predetermined time after the swivel
base 2 stops rotation.
[0065] Furthermore, in the following description, when
the first determiner 31e determines the candidate posi-
tions Pc, the change amount of the swing angle θ from
the start of rotation of the swivel base 2 to the stop of the
rotation may be described as a "reference angle θb)".
That is, as illustrated in FIG. 5, the reference angle θb is
an angle formed by a straight line SL1 extending in the
front-rear direction passing through the swivel axis X and
the straight line SL2 in a case where the swivel base 2
starts rotation.
[0066] In the following description, a detected position
Pd acquired by the second acquirer 31b when the first
determiner 31e determines that the swivel base 2 stops
rotation may be referred to as a "stop position Pe".
[0067] In the above-described example, the first deter-
miner 31e determines whether the lower traveling body
10 has transitioned from the traveling state to the non-
traveling state, based on the vehicle speed acquired by
the first acquirer 31a. However, if the controller 30 can
acquire operation information of the operation device 40,
the first determiner 31e may determine the state (the
traveling state and the non-traveling state) of the lower
traveling body 10, based on the operation information.
The first determiner 31e may also determine whether the
swivel base 2 has started rotation and whether the swivel
base 2 has stopped the rotation, based on the angle sig-
nal output from the angle detector 52 to the controller 30.
However, when the controller 30 can acquire the opera-
tion information of the operation device 40, the first de-
terminer 31e may determine the state (the rotating state
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and the rotation stopped state) of the swivel base 2,
based on the operation information.
[0068] The filter processor 31f performs filtering (filter
processing) of the plurality of candidate positions Pc (de-
tected positions Pd) obtained during rotation of the swivel
base 2. The filter processor 31f excludes candidate po-
sitions Pc located outside a predetermined area E. FIG.
6A is a first diagram illustrating an example of filtering
performed by the filter processor 31f. FIG. 6B is a second
diagram illustrating the example of the filtering performed
by the filter processor 31f.
[0069] The area E is a region of position coordinates
indicated by latitude and longitude, and is a substantially
arc-shaped region including an arc having a radius equal
to the distance R1 from the swivel axis X to the position
P’ detected by the position detector 50, as illustrated in
FIG. 6A. In FIGS. 6A and 6B, candidate positions Pc
located within the area E are indicated by black dots, and
candidate positions Pc located outside the area E are
indicated by white dots.
[0070] The magnitude of a central angle θe of the area
E corresponds to the reference angle θb. Note that the
magnitude of the central angle θe of the area E may cor-
respond to the reference angle θb, and may be greater
than the reference angle θb by a predetermined value.
The dimension (width W) of the area E in a radial direction
is a dimension defined according to error(s) in the de-
tected positions Pd detected by the position detector 50.
For example, the width W is twice the magnitude of an
error in a detected position Pd detected by the position
detector 50.
[0071] Note that the width W is preferably a value cor-
responding to the magnitude of errors of the detected
positions Pd, and is not limited to twice. In addition, the
width W may be a value stored in advance in the memory
34 and may be freely changed by the operator operating
the display 35 or the like. Therefore, if the operator op-
erates the display 35 or the like to reduce the width W,
the accuracy of the determination of the axis position Px
can be improved.
[0072] The filter processor 31f calculates the area E,
based on an arithmetic expression (first arithmetic ex-
pression) stored in the memory 34 and various parame-
ters (the distance R1, the width W, the reference angle
θb, etc.). The arithmetic expression is a mathematical
expression defined based on an equation of a circle or
an ellipse and various parameters. In addition, the filter
processor 31f corrects the area E, based on the tilt angle
(the roll angle and the pitch angle) detected by the tilt
detector 51. The filter processor 31f corrects the area E,
based on an arithmetic expression (second arithmetic
expression) stored in the memory 34 and the tilt angle.
[0073] Therefore, if the swivel base 2 is horizontal and
the tilt angle acquired by the third acquirer 31c is zero,
as illustrated in FIG. 6A, the area E is a region surrounded
by a circle (outer circle) C1 whose radius R2 is greater
than the distance R1 by 1/2 times of the width W and a
circle (inner circle) C2 whose radius R3 is smaller than

the distance R1 by 1/2 times of the width W and having
the central angle θe equal to the reference angle θb. The
outer circle C1 and the inner circle C2 are arranged con-
centrically and are each a perfect circle.
[0074] The filter processor 31f corrects a reference ar-
ea Eb, based on the tilt angle, with the area E in a case
where the swivel base 2 is horizontal as the reference
area Eb. Therefore, if the swiveling work machine 1 is
located on a slope, the swivel base 2 is tilted, and the tilt
angle (the roll angle and the pitch angle) acquired by the
third acquirer 31c is other than zero, the filter processor
31f corrects the reference area Eb to a region tilted by
the tilt angle. That is, the outer circle C1 and the inner
circle C2 are arranged concentrically and are each an
ellipse.
[0075] Furthermore, the filter processor 31f moves the
calculated area E such that more candidate positions Pc
are located within the area E, and performs sweeping by
excluding candidate positions Pc located outside the ar-
ea E.
[0076] In the above-described embodiment, the filter
processor 31f calculates the reference area Eb, based
on the first arithmetic expression and various parame-
ters, and corrects the reference area Eb, based on the
second arithmetic expression and the tilt angle. However,
the memory 34 may store a single arithmetic expression
obtained by combining the first arithmetic expression and
the second arithmetic expression, and the filter processor
31f may calculate the area E, based on the single arith-
metic expression and various parameters (the distance
R1, the width W, the reference angle θb, and the tilt an-
gle).
[0077] The second determiner 31g determines (calcu-
lates) a circular or elliptic approximate line AL, based on
the plurality of candidate positions Pc (detected positions
Pd) having been subjected to filtering by the filter proc-
essor 31f. The second determiner 31g determines the
approximate line AL using an approximate expression of
a coordinate system based on latitude and longitude.
FIG. 7A is a first diagram illustrating an example of an
approximate line AL determined by the second determin-
er 31g. FIG. 7B is a second diagram illustrating an ex-
ample of an approximate line AL determined by the sec-
ond determiner 31g.
[0078] The second determiner 31g determines the ap-
proximate line AL of the plurality of detected positions Pd
obtained during rotation of the swivel base 2, using the
least squares method using an equation of a circle or an
ellipse. The model function in the least squares method
is an arithmetic expression obtained by correcting an
equation of an ellipse based on the tilt angle, and is used
after substitution of parameters (distance R1, tilt angle).
[0079] Therefore, if the swivel base 2 is horizontal and
the tilt angle acquired by the third acquirer 31c is zero,
as illustrated in FIG. 7A, the approximate line AL deter-
mined by the second determiner 31g is a perfect circle
having a radius equal to the distance R1. On the other
hand, if the swivel base 2 is tilted and the tilt angle (the
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roll angle and the pitch angle) acquired by the third ac-
quirer 31c is other than zero, as illustrated in FIG. 7B,
the approximate line AL determined by the second de-
terminer 31g is an ellipse obtained by correcting the per-
fect circle having a radius equal to the distance R1 by
using the tilt angle.
[0080] Based on the approximate line AL determined
by the second determiner 31g, the third determiner 31h
determines (calculates) a position (center position) Po of
the center of the approximate line AL as the axis position
Px of the swivel axis X. Based on the determined axis
position Px and the reference position Pp, the third de-
terminer 31h determines the straight line SL2 passing
through the axis position Px and the reference position
Pp as the orientation D (the reference orientation D1) of
the swivel base 2. FIG. 8 is a diagram illustrating an ex-
ample of a reference orientation D1 determined by the
third determiner 31h and a current orientation D2 deter-
mined by the fourth determiner 31i.
[0081] The third determiner 31h determines the refer-
ence orientation D1 using a mathematical expression of
a coordinate system based on latitude and longitude. The
third determiner 31h extracts, from the detected positions
Pd detected by the position detector 50, detected posi-
tions Pd (end positions Pa) including at least the stop
position Pe, and, based on the detected positions Pd,
determines the reference position Pp. The end positions
Pa are a plurality of detected positions Pd acquired by
the second acquirer 31b within a predetermined time be-
fore and after a time point when the first determiner 31e
determines that the swivel base 2 stops rotation. The
third determiner 31h determines the reference position
Pp, based on an average value of pieces of position in-
formation of the plurality of end positions Pa.
[0082] In FIG. 8, the end positions Pa are indicated by
white dots, and the reference position Pp is indicated by
a black dot.
[0083] In the present embodiment, as the reference
position Pp, the third determiner 31h determines the av-
erage value of the plurality of pieces of position informa-
tion. However, the third determiner 31h need only deter-
mine the reference position Pp based on detected posi-
tions Pd including at least the stop position Pe. Detected
position(s) Pd (end position(s) Pa) referred to by the third
determiner 31h may be only the stop position Pe or may
be two or more detected positions Pd including the stop
position Pe.
[0084] Upon determining the reference orientation D1,
the third determiner 31h initializes the count of the fourth
acquirer 31d and redefines the initial position. That is, at
the redefined initial position, a straight line passing
through the swivel axis X and extending in the front-rear
direction is the straight line SL2.
[0085] Based on the reference orientation D1 and the
swivel angle θ, the fourth determiner 31i determines (cal-
culates) the current orientation D2 of the swivel base 2.
Based on the swivel angle θ from the swivel position cor-
responding to the reference orientation D1 to the current

swivel position (the difference between the swivel angle
θ obtained when the swivel base 2 stops rotation and the
current swivel angle θ) and the reference orientation D1,
the fourth determiner 31i determines the current orienta-
tion D2 of the swivel base 2. In the present embodiment,
since the count of the fourth acquirer 31d is initialized
and the initial position is redefined by the third determiner
31h, the swivel angle θ obtained when the swivel base
2 stops rotation is zero.
[0086] Based on the current swivel angle θ and the
reference orientation D1, the fourth determiner 31i de-
termines the current orientation D2 of the swivel base 2
using a mathematical expression of a coordinate system
based on latitude and longitude. In the present embodi-
ment, the current swivel angle θ is an angle formed by
the straight line SL3, passing through the swivel axis X
at the current position and extending in the front-rear di-
rection, and the straight line SL2. Based on the current
swivel angle θ and the reference orientation D1, the cur-
rent orientation D2 of the swivel base 2 is determined by
a mathematical expression of a coordinate system based
on latitude and longitude. That is, if the swivel angle θ
acquired by the second acquirer 31b is a positive value,
the fourth determiner 31i determines the current orienta-
tion D2 by angling the reference orientation D1 counter-
clockwise by the change amount about the axis position
Px. On the other hand, if the swivel angle θ acquired by
the second acquirer 31b is a negative value, the fourth
determiner 31i determines the current orientation D2 by
angling the reference orientation D1 clockwise by the
change amount about the axis position Px.
[0087] FIG. 9 is a flowchart in which the calculator 31
calculates the orientation D. Referring to FIG. 9, the fol-
lowing describes extraction of the candidate positions Pc
by the first determiner 31e, filtering of the candidate po-
sitions Pc by the filter processor 31f, determination of the
approximate line AL by the second determiner 31g, de-
termination of the axis position Px and the reference ori-
entation D1 by the third determiner 31h, and determina-
tion of the current orientation D2 by the fourth determiner
31i.
[0088] First, based on the vehicle speed acquired by
the first acquirer 31a, the first determiner 31e determines
whether the lower traveling body 10 is in the traveling
state (S10). If the first determiner 31e determines that
the lower traveling body 10 is in the traveling state (S10,
Yes), based on the vehicle speed acquired by the first
acquirer 31a, the first determiner 31e determines wheth-
er the lower traveling body 10 has transitioned from the
traveling state to the non-traveling state (S11). If the first
determiner 31e determines that the lower traveling body
10 has not transitioned from the traveling state to the
non-traveling state (S11, No), step S11 is continued. If
the first determiner 31e determines that the lower
traveling body 10 has transitioned from the traveling state
to the non-traveling state (S11, Yes), based on the angle
signal acquired by the fourth acquirer 31d, the first de-
terminer 31e determines whether the swivel base 2 has
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started rotation (S12).
[0089] If the first determiner 31e determines that the
swivel base 2 has not started rotation (S12, No), step
S12 is continued. If the first determiner 31e determines
that the swivel base 2 has started rotation (S12, Yes),
the position detector 50 detects detected positions Pd
(S13). The second acquirer 31b stores the position infor-
mation detected by the position detector 50 in the mem-
ory 34. Based on the angle signal acquired by the fourth
acquirer 31d, the first determiner 31e determines wheth-
er the swivel base 2 has stopped the rotation (S14).
[0090] If the first determiner 31e determines that the
swivel base 2 has not stopped the rotation (S14, No),
that is, until the swivel base 2 stops the rotation, step S13
is performed. On the other hand, if the first determiner
31e determines that the swivel base 2 has stopped the
rotation (S14, Yes), the first determiner 31e extracts the
position information acquired by the second acquirer 31b
from the memory 34 during a period (swivel period) from
when the first determiner 31e determines that the swivel
base 2 has started rotation (S12, Yes) to when the first
determiner 31e determines that the swivel base 2 has
stopped the rotation (S14, Yes), and determines the po-
sition information as the candidate positions Pc (S15).
Therefore, upon stopping of the lower traveling body 10
after traveling, the first determiner 31e can determines
the candidate positions Pc by swiveling of the swivel base
2.
[0091] In the following description, steps as in S12 to
S14 in which the swivel base 2 rotates about the swivel
axis X and the position detector 50 detects the plurality
of detected positions Pd may be referred to as a first step.
[0092] Upon the first determiner 31e performing step
S15, based on the first arithmetic expression and various
parameters, the filter processor 31f calculates the area
E (S16). Upon calculating the area E (S16), the filter proc-
essor 31f moves the area E such that more candidate
positions Pc are located within the area E (S17). The filter
processor 31f excludes the candidate positions Pc locat-
ed outside the area E to perform sweeping (S18).
[0093] Upon the filter processor 31f performing step
S18, the second determiner 31g determines the approx-
imate line AL of the plurality of candidate positions Pc
filtered by the filter processor 31f using the least squares
method using an equation of a circle or an ellipse (S19).
[0094] Upon the second determiner 31g performing
step S19, based on the approximate line AL calculated
by the second determiner 31g, the third determiner 31h
determines the center position Po of the approximate line
AL as the axis position Px of the swivel axis X (S20). In
other words, S20 is a step (second step) of calculating,
based on the plurality of detected positions Pd detected
by the position detector 50 in the first step, the axis po-
sition Px of the swivel axis X (S13). The third determiner
31h extracts, from the detected positions Pd detected by
the position detector 50, the detected positions Pd (the
end positions Pa) including at least the stop position Pe,
and, based on the detected positions Pd, determines the

reference position Pp (S21).
[0095] Based on the axis position Px determined in S20
and the reference position Pp determined in S21, the
third determiner 31h determines the straight line passing
through the axis position Px and the reference position
Pp as the orientation D (the reference orientation D1) of
the swivel base 2 and stores the reference orientation
D1 in the memory 34 (S22). That is, S22 is a step of
calculating, based on the axis position Px calculated in
the second step and the reference position Pp, the ori-
entation D of the swivel base 2 (third step).
[0096] Upon determining the reference orientation D1
(S22), the third determiner 31h initializes the count of the
fourth acquirer 31d and redefines the initial position
(S23). Upon the third determiner 31h stopping step S23,
the first determiner 31e performs step S10.
[0097] If the first determiner 31e determines that the
lower traveling body 10 is in the non-traveling state (S10,
No), the fourth determiner 31i determines whether the
axis position Px and the reference orientation D1 are
stored in the memory 34 (S24). If the fourth determiner
31i determines that the axis position Px and the reference
orientation D1 are stored in the memory 34 (S24, Yes),
based on the axis position Px and the reference orienta-
tion D1 stored in the memory 34 and the swivel angle θ
acquired by the fourth acquirer 31d, the fourth determiner
31i determines the current orientation D2 (S25).
[0098] Upon the fourth determiner 31i determining the
current orientation D2 (S25), the process is stopped. If
the fourth determiner 31i determines that the axis position
Px and the reference orientation D1 are not stored in the
memory 34 (S24, No), the first determiner 31e performs
step S10.
[0099] Therefore, when the lower traveling body 10 en-
ters the traveling state (S10, Yes), the reference orien-
tation D1 is redefined through steps S11 to S22. On the
other hand, if the lower traveling body 10 is maintained
in the non-traveling state (S10, No) and the axis position
Px and the reference orientation D1 are stored in the
memory 34 (S24, Yes), based on the reference orienta-
tion D1 determined through stepsSll to S22, the fourth
determiner 31i determines the current orientation D2
(S25).
[0100] Thus, even if the swiveling work machine 1 in-
cludes the single position detector 50, the orientation D
of the swivel base 2 can be calculated. Therefore, the
function of calculating the orientation D of the swivel base
2 (the swiveling work machine 1) can be introduced at
low cost. In addition, since the current orientation D2 is
calculated based on the reference orientation D1 and the
swivel angle θ, detection errors of the position detector
50 do not occur after calculation of the reference orien-
tation D1, and the calculator 31 can calculate the current
orientation D2 with higher accuracy.
[0101] Next, calculation of the position Pw of the swing
body in the swiveling work machine 1 will be described
in detail. As illustrated in FIG. 3, the swiveling work ma-
chine 1 includes a position calculator 32. The position
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calculator 32 includes electric/electronic component(s)
provided in the controller 30, program(s) incorporated in
the memory 34, and/or the like. The position calculator
32 can calculate the position Pw of the swing body, based
on a signal detected by a sensor provided in the swiveling
work machine 1 and the orientation D (the current orien-
tation D2) of the swivel base 2 calculated by the calculator
31. The position Pw of the swing body calculated by the
position calculator 32 is displayed on the display 35, for
example. In addition, the swiveling work machine 1 may
be configured to autonomously perform work, based on
the position Pw of the swing body calculated by the po-
sition calculator 32 and the position information stored in
the memory 34.
[0102] FIG. 10 illustrates how to determine the position
Pw of the swing body. As illustrated in FIG. 10, in the
present embodiment, the position calculator 32 calcu-
lates the position (work position) Pw at which the working
device 20 performs work as the position Pw of the swing
body. In particular, the position calculator 32 calculates
the position coordinates of the bucket claw 25C of the
swing body as the work position Pw. Note that the work
position Pw calculated by the position calculator 32 is not
limited to the position coordinates of the bucket claw 25C,
and may be a central portion or the like of the bottom wall
25B of the bucket 25.
[0103] For example, the working device 20 is provided
with an angle sensor 54 (a boom angle sensor 54a, an
arm angle sensor 54b, a working tool angle sensor 54c,
and a swing angle sensor 54d) that detect rotation angles
of the first rotation axis 22, the second rotation axis 24,
and the third rotation axis 26. The angle sensor 54 is, for
example, a potentiometer that is connected to the con-
troller 30 and outputs the detected rotation angle to the
controller 30 as a signal.
[0104] Specifically, the boom angle sensor 54a detects
a swing angle (rotation position) of the boom 21, and the
arm angle sensor 54b detects a swing angle (rotation
position) of the arm 23. The working tool angle sensor
54c detects a swing angle (rotation position) of the bucket
25 with respect to the distal end of the arm 23, and the
swing angle sensor 54d detects a swing angle (rotation
position) of the swing bracket 8 with respect to the support
bracket 7.
[0105] Based on the rotation angle detected by the an-
gle sensor 54 and the arithmetic expression stored in the
memory 34, the position calculator 32 calculates distanc-
es (a distance L2 in the front-rear direction and a distance
L3 in the width direction) from the swivel axis X to the
work position Pw. The position calculator 32 determines
the work position Pw based on the calculated distances
L2 and L3, the tilt angle acquired by the third acquirer
31c, a mathematical expression indicating the current
orientation D2, and the axis position Px.
[0106] As long as the position calculator 32 can deter-
mine the work position Pw, the angle sensor 54 may de-
tect strokes (extension positions) of the boom cylinder
21a, the arm cylinder 23a, the bucket cylinder 25a, and

the swing cylinder, and may calculate swing angles of
the boom 21, the arm 23, the bucket 25, and the swing
bracket 8 from the detection results. In addition, the swing
angles of the boom 21, the arm 23, the bucket 25, and
the swing bracket 8 may be detected by using an imaging
device (camera) that images the periphery of the working
device 20.
[0107] In the above-described embodiment, when the
lower traveling body 10 enters the traveling state (S10,
Yes), the calculator 31 redefines the reference orienta-
tion D1 through steps S11 to S22. However, if a prede-
termined condition is satisfied, initialization of the refer-
ence orientation D1 may be skipped. FIG. 11 is a diagram
for describing calculation of the orientation D in a first
modification example. As illustrated in FIG. 11, when the
lower traveling body 10 has transitioned from the non-
traveling state to the traveling state and travels straight
forward or backward from the position at which the cal-
culator 31 determines the reference orientation D1, the
calculator 31 may correct the axis position Px without
updating the reference orientation D1 if the swivel angle
θ of the swivel base 2 is maintained.
[0108] FIG. 12 is a partial flowchart in which the calcu-
lator 31 calculates the orientation D in the first modifica-
tion example. As illustrated in FIG. 12, during a period
(movement period) from when the first determiner 31e
determines that the lower traveling body 10 is in the
traveling state in S10 to when the first determiner 31e
determines that the lower traveling body 10 has transi-
tioned from the traveling state to the non-traveling state
(S11, Yes), if the lower traveling body 10 continues to
move forward or backward in the straight traveling direc-
tion and does not perform a swiveling operation, the cal-
culator 31 performs the processing of correcting the axis
position Px.
[0109] FIG. 13 is a diagram for describing a system of
the swiveling work machine 1 in the first modification ex-
ample. As illustrated in FIG. 13, the calculator 31 includes
a corrector 31j. The corrector 31j corrects the axis posi-
tion Px, based on the position information of the detected
positions Pd detected by the position detector 50 at a
start point S and an end point G of the movement period
if the swivel base 2 does not rotate and the lower traveling
body 10 continues to travel straight during the movement
period.
[0110] The corrector 31j determines whether the swiv-
el angle θ of the swivel base 2 is maintained based on
the swivel angle θ acquired by the fourth acquirer 31d.
The corrector 31j also determines whether the lower
traveling body 10 maintains straight traveling or performs
swiveling traveling based on the operation information of
the operation device 40. The corrector 31j acquires po-
sition information of a detected position Ps at the start
point S and position information of a detected position
Pg at the end point G during the movement period, based
on the position information of the detected positions Pd
acquired by the second acquirer 31b.
[0111] In addition, the corrector 31j calculates distanc-
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es (a movement distance Lx in the longitudinal direction
and a movement distance Ly in the latitudinal direction)
by which the lower traveling body 10 has moved during
the movement period, based on the position information
of the detected position Ps at the start point S and the
position information of the detected position Pg at the
end point G. Then, the corrector 31j corrects the axis
position Px by offsetting the axis position Px by the same
amount as the movement distances Lx and Ly by which
the lower traveling body 10 has moved. The corrector 31j
stores the corrected axis position Px by overwriting the
axis position Px stored in the memory 34.
[0112] The correction of the axis position Px by the
corrector 31j will be described below with reference to
FIG. 12.
[0113] As illustrated in FIG. 12, if the first determiner
31e determines that the lower traveling body 10 is in the
traveling state (S10, Yes), the corrector 31j determines
whether the swivel angle θ of the swivel base 2 is main-
tained based on the swivel angle θ acquired by the fourth
acquirer 31d (S31). If it is determined that the swivel angle
θ of the swivel base 2 is maintained (S31, Yes), the cor-
rector 31j determines whether the lower traveling body
10 is traveling straight based on the operation information
of the operation device 40 (S32).
[0114] If the corrector 31j determines that the lower
traveling body 10 is traveling straight (S32, Yes), based
on the vehicle speed acquired by the first acquirer 31a,
the corrector 31j determines whether the lower traveling
body 10 has transitioned from the traveling state to the
non-traveling state (S33). If the corrector 31j determines
that the lower traveling body 10 has not transitioned from
the traveling state to the non-traveling state (S33, No),
the corrector 31j performs step S31. On the other hand,
if the corrector 31j determines that the lower traveling
body 10 has transitioned from the traveling state to the
non-traveling state (S33, Yes), the corrector 31j acquires
the position information of the detected position Ps at the
start point S and the position information of the detected
position Pg at the end point G during the movement pe-
riod, based on the position information acquired by the
second acquirer 31b and stored in the memory 34 (S34).
[0115] The corrector 31j calculates the movement dis-
tances Lx and Ly by which the lower traveling body 10
has moved during the movement period, based on the
position information of the detected position Ps at the
start point S and the position information of the detected
position Pg at the end point G, and corrects the axis po-
sition Px by offsetting the axis position Px by the same
amount as the movement distances Lx and Ly by which
the lower traveling body 10 has moved (S35). Upon the
corrector 31j correcting the axis position Px (S35), the
fourth determiner 31i performs step S24.
[0116] If the corrector 31j determines that the swivel
angle θ of the swivel base 2 is not maintained (S31, No),
and if the corrector 31j determines that the lower traveling
body 10 is traveling while swiveling (S32, No), the first
determiner 31e performs step S 11.

[0117] In the example illustrated in FIG. 12, it is deter-
mined in S31 whether the swivel angle θ of the swivel
base 2 is maintained. However, the swivel angle θ at the
start point S and the swivel angle θ at the end point G
during the movement period may be the same value, and
the corrector 31j may determine whether the swivel angle
θ at the start point S and the swivel angle θ at the end
point G during the movement period are the same value
between S33 and S34 instead of S31. In such a case, if
the corrector 31j determines that the swivel angle θ at
the start point S and the swivel angle θ at the end point
G during the movement period are the same value, the
corrector 31j performs step S34, and if the corrector 31j
determines that they are not the same value, the first
determiner 31e performs step S 11.
[0118] If the lower traveling body 10 stops after
traveling, the calculator 31 calculates the reference ori-
entation D1 by the swiveling of the swivel base 2. How-
ever, if the change amount of the swivel angle θ of the
swivel base 2 (the reference angle θb) is less than or
equal to a predetermined third reference value, the cal-
culator 31 may perform the calculation processing of the
reference orientation D1 again. FIG. 14 is a partial flow-
chart in which the calculator 31 calculates the orientation
D in a second modification example. Referring to FIG.
14, the following describes the process performed by the
first determiner 31e in the second modification example.
[0119] Specifically, as illustrated in FIG. 14, if the lower
traveling body 10 stops after traveling (S11, Yes), the
swivel base 2 starts rotation (S12, Yes), and even if the
swivel base 2 stops the rotation (S14, Yes), the first de-
terminer 31e returns to step S12 upon determining that
the absolute value of the reference angle θb is less than
or equal to the third threshold (S41, No). In such a case,
the controller 30 may notify the operator that the deter-
mination of the reference orientation D1 is to be per-
formed again.
[0120] On the other hand, if the swivel base 2 stops
the rotation (S14, Yes) and the first determiner 31e de-
termines that the absolute value of the reference angle
θb exceeds the third threshold (S41, Yes), the process
proceeds to step S15. The third threshold is a value
stored in advance in the memory 34 and is, for example,
5° or 10°. Note that the operator may change the third
threshold to any value by operating the display 35 or the
like.
[0121] A notification device is, for example, a device
connected to the controller 30, and is the display 35 in
the present embodiment.
[0122] As illustrated in FIG. 13, the calculator 31 in-
cludes a notification controller 33. If the first determiner
31e determines that the absolute value of the reference
angle θb is less than or equal to the third threshold (S41,
No), the notification controller 33 acquires the determi-
nation result and controls the notification device to notify
the operator. The notification controller 33 includes elec-
tric/electronic component(s) provided in the controller 30,
program(s) incorporated in the memory 34, and/or the
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like. For example, the notification controller 33 causes
the display 35 to display a notification screen (omitted
from illustration) to notify the operator that the determi-
nation of the reference orientation D1 is to be performed
again. Specifically, the notification screen displays a
message (notification message) prompting the operator
to operate the operation device 40 to rotate the swivel
base 2.
[0123] In the above-described embodiment, the case
where the notification device is the display 35 has been
described as an example. However, the notification de-
vice is not limited to the display 35, and may be a speaker
that notifies the operator by voice or warning sound, or
a lamp that notifies the operator by lighting or blinking.
In such a case, if the first determiner 31e determines that
the absolute value of the reference angle θb is less than
or equal to the third threshold (S41, No), the notification
controller 33 causes the speaker to output a notification
message or causes the lamp to blink.
[0124] The swiveling work machine 1 may also include
an operation actuator 41 for receiving an operation, and
the calculator 31 may redefine (initialize) the reference
orientation D1 by performing substantially the same
steps as steps S11 and S12 in place of or in addition to
steps S11 to S22 according to the operation of the oper-
ation actuator 41. FIG. 15 is a diagram for describing a
system of the swiveling work machine 1 in a third modi-
fication example. As illustrated in FIG. 15, the operation
actuator 41 is a switch that is communicably connected
to the controller 30 and receives an operation. Upon re-
ceiving an operation, the operation actuator 41 outputs
an instruction signal for instructing the controller 30 to
rotate the swivel base 2 by a predetermined swivel angle
θ (for example, 5° or more, 10° or more, or the like) to
the controller 30. The operation actuator 41 is, for exam-
ple, a push switch that can be pressed. Note that the
operation actuator 41 is not limited to the push switch,
and may be a displayed image such as an icon displayed
on the display 35 if the display 35 is a touch panel that
receives an operation.
[0125] The calculator 31 further includes a swivel con-
troller 31k. The swivel controller 31k controls a control
valve in response to the operation of the operation actu-
ator 41, and rotates the swivel base 2 by a predetermined
swivel angle θ in a predetermined direction by using the
swivel motor MT. The direction in which the swivel con-
troller 31k rotates the swivel base 2 in response to the
operation of the operation actuator 41 and the swivel an-
gle θ may be stored in advance in the memory 34 as
setting information, and the operator may change them
to any values by operating the display 35 or the like. Note
that the swivel controller 31k may maintain the swivel
angle θ after rotating the swivel base 2 by the predeter-
mined swivel angle θ in the predetermined direction
based on the instruction signal input from the operation
actuator 41, or may rotate the swivel base 2 in a direction
opposite to the predetermined direction so as to return
to the original swivel angle θ after step S54 described

later is completed.
[0126] FIG. 16 is a partial flowchart in which the calcu-
lator 31 calculates the orientation D in the third modifica-
tion example. Referring to FIG. 16, the following de-
scribes calculation of the orientation D by the calculator
31 performed in response to the operation of the opera-
tion actuator 41.
[0127] If the first determiner 31e determines that the
lower traveling body 10 is in the non-traveling state in
S10 (S10, No), the swivel controller 31k determines
whether the instruction signal is input from the operation
actuator 41 (S51). If the swivel controller 31k determines
that the instruction signal is input from the operation ac-
tuator 41 (S51, Yes), based on the setting information
stored in the memory 34, the swivel controller 31k con-
trols the swivel motor MT and starts to rotate the swivel
base 2 in the predetermined direction (S52).
[0128] Upon the swivel controller 31k starting to rotate
the swivel base 2 (S52), the position detector 50 detects
the detected positions Pd (S53). The second acquirer
31b stores the position information detected by the po-
sition detector 50 in the memory 34. Based on the angle
signal acquired by the fourth acquirer 31d, the first de-
terminer 31e determines whether the swivel base 2 has
stopped the rotation (S54).
[0129] If the first determiner 31e determines that the
swivel base 2 has not stopped the rotation (S54, No),
that is, until the swivel base 2 stops the rotation, step S53
is performed. On the other hand, if the first determiner
31e determines that the swivel base 2 has stopped the
rotation (S54, Yes), the first determiner 31e extracts the
position information acquired by the second acquirer 31b
from the memory 34 during a period (swivel period) from
when the swivel controller 31k starts to rotate the swivel
base 2 (S52) to when the first determiner 31e determines
that the swivel base 2 has stopped the rotation (S54,
Yes), and determines the position information as the can-
didate positions Pc (S55). Therefore, the first determiner
31e can determine the candidate positions Pc by the
swivel controller 31k rotating the swivel base 2 according
to the operation of the operation actuator 41. Upon the
first determiner 31e performing step S55, the filter proc-
essor 31f performs step S16.
[0130] If the swivel controller 31k determines that the
instruction signal is not input from the operation actuator
41 (S51, No), the fourth determiner 31i performs step
S24.
[0131] Note that S52 to S54 may be referred to as the
first step because the swivel base 2 rotates about the
swivel axis X and the position detector 50 detects the
plurality of detected positions Pd.
[0132] A swiveling work machine 1 as has been de-
scribed includes: a swivel base 2 rotatable about a swivel
axis X extending in an up-down direction; a working de-
vice 20 provided on the swivel base 2; a position detector
50 provided on the swivel base 2 to detect a position;
and a calculator 31 to calculate an orientation D of the
swivel base 2 based on a detected position Pd which is
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the position detected by the position detector 50, wherein
the calculator 31 is configured or programmed to calcu-
late an axis position Px which is a position of the swivel
axis X based on a plurality of the detected positions Pd
obtained during rotation of the swivel base 2 about the
swivel axis X, and calculate the orientation D of the swivel
base 2 based on the axis position Px and the detected
position (reference position) Pp.
[0133] With the above configuration, even if the
swiveling work machine 1 includes only a single position
detector 50, the orientation D of the swivel base 2 can
be calculated. Therefore, the function of calculating the
orientation D of the swivel base 2 (the swiveling work
machine 1) can be introduced at low cost.
[0134] The calculator 31 may be configured or pro-
grammed to calculate the axis position Px of the swivel
axis X based on a plurality of the detected positions Pd
obtained during a period from when the swivel base 2
starts the rotation to when the swivel base 2 stops the
rotation.
[0135] With the above configuration, many of the de-
tected positions Pd obtained during rotation of the swivel
base 2 are used for calculation, and distances between
the detected positions Pd can be increased. Therefore,
the calculator 31 can calculate the axis position Px of the
swivel axis X with high accuracy.
[0136] The swiveling work machine 1 may further in-
clude an angle detector 52 provided in or on the swivel
base 2 to detect a swivel angle θ which is an angle of
rotation of the swivel base 2 about the swivel axis X. The
calculator 31 may be configured or programmed to cal-
culate a current orientation D2 of the swivel base 2 based
on a reference orientation D1 and the swivel angle θ
which is an angle of rotation from a swivel position cor-
responding to the reference orientation D1 to a current
swivel position, the reference orientation D1 being the
orientation D of the swivel base 2 calculated based on
the axis position Px and on one of the plurality of detected
positions Pd used to calculate the axis position Px.
[0137] With the above configuration, since the current
orientation D2 is calculated based on the reference ori-
entation D1 and the swivel angle θ, even if errors occur
in position detection by the position detector 50 after cal-
culation of the reference orientation D1, this does not
affect the current orientation D2, and therefore the cal-
culator 31 can calculate the current orientation D2 with
higher accuracy.
[0138] The calculator 31 may be configured or pro-
grammed to calculate the axis position Px of the swivel
axis X based on a plurality of the detected positions Pd
obtained during a period from when the swivel base 2
starts the rotation to when the swivel base 2 stops the
rotation, and calculate the current orientation D2 of the
swivel base 2 based on the reference orientation D1 and
on a difference between a swivel angle θ obtained when
the swivel base 2 stops the rotation and a current swivel
angle θ.
[0139] With the above configuration, the calculator 31

can calculate the current orientation D2 with high accu-
racy by a relatively simple process.
[0140] The calculator 31 may include a filter processor
31f configured or programmed to filter the plurality of de-
tected positions Pd obtained during the rotation of the
swivel base 2. The filter processor 31f may be configured
or programmed to exclude one or more of the plurality of
detected positions Pd that are located outside a substan-
tially arc-shaped area E including an arc having a radius
equal to a distance from the swivel axis X to the position
detected by the position detector 50.
[0141] With the above configuration, it is possible to
exclude one or more of the detected positions Pd that
have been erroneously detected by the position detector
50. Therefore, the calculation accuracy of the orientation
D can be improved.
[0142] The swiveling work machine 1 may further in-
clude a tilt detector 51 to detect a tilt angle of the swivel
base 2. The filter processor 31f may be configured or
programmed to correct the area E based on the tilt angle
detected by the tilt detector 51.
[0143] With the above configuration, the filter proces-
sor 31f can improve the accuracy of filtering even if the
swiveling work machine 1 is located on a slope.
[0144] The calculator 31 may be configured or pro-
grammed to calculate a circular or elliptic approximate
line AL based on the plurality of detected positions Pd
obtained during the rotation of the swivel base 2, and
calculate the axis position Px based on the approximate
line AL.
[0145] With the above configuration, the calculator 31
can calculate the axis position Px of the swivel axis X
with high accuracy.
[0146] The calculator 31 may be configured or pro-
grammed to calculate, using a least squares method us-
ing an equation of a circle or an ellipse, the approximate
line AL of the plurality of detected positions Pd obtained
during the rotation of the swivel base 2.
[0147] With the above configuration, the calculator 31
can calculate the axis position Px of the swivel axis X
with high accuracy by a relatively simple process.
[0148] The swiveling work machine 1 may further in-
clude a lower traveling body 10 to travel and to support
the swivel base 2 such that the swivel base 2 is rotatable
about the swivel axis X. The calculator 31 may be con-
figured or programmed to calculate the axis position Px
based on the plurality of detected positions Pd obtained
during the rotation of the swivel base 2 that is performed
for the first time after the lower traveling body 10 stops
after traveling.
[0149] The above configuration achieves the following:
normally, when performing work with the swiveling work
machine 1, the operator first rotates the swivel base 2
after traveling to a work site; therefore, it is possible to
calculate the axis position Px during routine work without
having to perform any special operation before perform-
ing work.
[0150] The position detector 50 may be located at a
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position away from the swivel axis X in a horizontal di-
rection.
[0151] With the above configuration, the position de-
tector 50 can detect a distant position. Therefore, the
calculator 31 can calculate the orientation D with higher
accuracy.
[0152] The position detector 50 may be located at an
end portion of the swivel base 2.
[0153] According to the above configuration, the posi-
tion detector 50 can detect a distant position. Therefore,
the calculator 31 can calculate the orientation D with even
higher accuracy.
[0154] A method of detecting an orientation of a
swiveling work machine 1 includes: a first step including
causing a swivel base 2 provided with a working device
20 to rotate about a swivel axis X extending in an up-
down direction and causing a position detector 50 pro-
vided on the swivel base 2 to detect a plurality of detected
positions Pd; a second step including calculating an axis
position Px which is a position of the swivel axis X based
on the plurality of detected positions Pd detected by the
position detector 50; and a third step including calculating
an orientation D of the swivel base 2 based on the axis
position Px calculated in the second step and a reference
position Pp.
[0155] While preferred embodiments of the present in-
vention have been described above, it is to be understood
that variations and modifications will be apparent to those
skilled in the art without departing from the scope and
spirit of the present invention. The scope of the present
invention, therefore, is to be determined solely by the
following claims.

Claims

1. A swiveling work machine (1) comprising:

a swivel base (2) rotatable about a swivel axis
(X) extending in an up-down direction;
a working device (20) provided on the swivel
base (2);
a position detector (50) provided on the swivel
base (2) to detect a position; and
a calculator (31) to calculate an orientation (D)
of the swivel base (2) based on a detected po-
sition (Pd) which is the position detected by the
position detector (50), wherein
the calculator (31) is configured or programmed
to
calculate an axis position (Px) which is a position
of the swivel axis (X) based on a plurality of the
detected positions (Pd) obtained during rotation
of the swivel base (2) about the swivel axis (X),
and
calculate the orientation (D) of the swivel base
(2) based on the axis position (Px) and the de-
tected position (Pd).

2. The swiveling work machine (1) according to claim
1, wherein
the calculator (31) is configured or programmed to
calculate the axis position (Px) of the swivel axis (X)
based on a plurality of the detected positions (Pd)
obtained during a period from when the swivel base
(2) starts the rotation to when the swivel base (2)
stops the rotation.

3. The swiveling work machine (1) according to claim
1 or 2, further comprising an angle detector (52) pro-
vided in or on the swivel base (2) to detect a swivel
angle (θ) which is an angle of rotation of the swivel
base (2) about the swivel axis (X), wherein
the calculator (31) is configured or programmed to
calculate a current orientation (D2) of the swivel base
(2) based on a reference orientation (D1) and the
swivel angle (θ) which is an angle of rotation from a
swivel position corresponding to the reference ori-
entation (D1) to a current swivel position, the refer-
ence orientation (D1) being the orientation (D) of the
swivel base (2) calculated based on the axis position
(Px) and on one of the plurality of detected positions
(Pd) used to calculate the axis position (Px).

4. The swiveling work machine (1) according to claim
3, wherein

the calculator (31) is configured or programmed
to
calculate the axis position (Px) of the swivel axis
(X) based on a plurality of the detected positions
(Pd) obtained during a period from when the
swivel base (2) starts the rotation to when the
swivel base (2) stops the rotation, and
calculate the current orientation (D2) of the swiv-
el base (2) based on the reference orientation
(D1) and on a difference between a swivel angle
(θ) obtained when the swivel base (2) stops the
rotation and a current swivel angle (θ).

5. The swiveling work machine (1) according to any of
claims 1 to 4, wherein

the calculator (31) includes a filter processor
(31f) configured or programmed to filter the plu-
rality of detected positions (Pd) obtained during
the rotation of the swivel base (2), and
the filter processor (31f) is configured or pro-
grammed to exclude one or more of the plurality
of detected positions (Pd) that are located out-
side a substantially arc-shaped area (E) includ-
ing an arc having a radius equal to a distance
from the swivel axis (X) to the position detected
by the position detector (50).

6. The swiveling work machine (1) according to claim
5, further comprising a tilt detector (51) to detect a

27 28 



EP 4 299 840 A1

16

5

10

15

20

25

30

35

40

45

50

55

tilt angle of the swivel base (2), wherein
the filter processor (31f) is configured or pro-
grammed to correct the area (E) based on the tilt
angle detected by the tilt detector (51).

7. The swiveling work machine (1) according to any of
claims 1 to 6, wherein
the calculator (31) is configured or programmed to
calculate a circular or elliptic approximate line (AL)
based on the plurality of detected positions (Pd) ob-
tained during the rotation of the swivel base (2), and
calculate the axis position (Px) based on the approx-
imate line (AL).

8. The swiveling work machine (1) according to claim
7, wherein
the calculator (31) is configured or programmed to
calculate, using a least squares method using an
equation of a circle or an ellipse, the approximate
line (AL) of the plurality of detected positions (Pd)
obtained during the rotation of the swivel base (2).

9. The swiveling work machine (1) according to any of
claims 1 to 8, further comprising a lower traveling
body (10) to travel and to support the swivel base
(2) such that the swivel base (2) is rotatable about
the swivel axis (X), wherein
the calculator (31) is configured or programmed to
calculate the axis position (Px) based on the plurality
of detected positions (Pd) obtained during the rota-
tion of the swivel base (2) that is performed for the
first time after the lower traveling body (10) stops
after traveling.

10. The swiveling work machine (1) according to any of
claims 1 to 9, wherein
the position detector (50) is located at a position
away from the swivel axis (X) in a horizontal direction.

11. The swiveling work machine (1) according to claim
10, wherein
the position detector (50) is located at an end portion
of the swivel base (2).

12. A method of detecting an orientation of a swiveling
work machine (1), comprising:

a first step including causing a swivel base (2)
provided with a working device (20) to rotate
about a swivel axis (X) extending in an up-down
direction and causing a position detector (50)
provided on the swivel base (2) to detect a plu-
rality of detected positions (Pd);
a second step including calculating an axis po-
sition (Px) which is a position of the swivel axis
(X) based on the plurality of detected positions
(Pd) detected by the position detector (50); and
a third step including calculating an orientation

(D) of the swivel base (2) based on the axis po-
sition (Px) calculated in the second step and a
current detected position (Pd).
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