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Description
Title of Invention
WINCH MONITORING METHOD, WINCH MONITORING DEVICE, AND CRANE
Technical Field
[0001] The present invention relates to a method and apparatus for monitoring a winding
condition of a rope in a drum of a winch, and a crane including the apparatus.
Background Art
[0002] A typical crane includes a plurality of ropes and a plurality of winches for winding
and unwinding the plurality of ropes, respectively. The plurality of ropes include a boom
derricking rope for supporting a boom, and a suspension rope to be suspended from the
boom to support a suspended load through a hook. Each of the winches includes a drum
for winding the corresponding rope of the plurality of ropes, and a motor for rotating the
drum.
[0003] There may occur disordered winding in the drum. The disordered winding is a
state where the winding of the rope is disordered. The disordered winding may involve
a trouble, whose examples include a temporary sudden drop of the suspended load.
[0004] The following Patent Literature 1 discloses a crane, which includes a camera for
imaging a winch and a display device for displaying in a cabin the image provided by the
camera. When detecting disordered winding through the image, an operator of the crane
performs an operation for re-winding the rope.
[0005] The device, however, causes a possibility of the operator to miss the disordered
winding or to fail to find it early. The possibility is increased when the operator has to
monitor both the image provided by the display device and other conditions such as the
movement of a suspended load or a boom.
[0006] The winding condition of the rope is likely to be shifted from a slight disorder
condition to a severe disorder condition with an increase in the working time and the
number of times of operation of the winch. The severe disorder condition causes a re-
winding operation of the rope to be required. The delay of finding the occurrence of the
disordered winding, therefore, will render the situation worse.
Citation List
Patent Literature
[0007] Patent Literature 1: Japanese Unexamined Patent Publication No. 2004-137035
Summary of Invention
[0008] It is an object of the present invention to provide a winch monitoring method, a
winch monitoring apparatus, and a crane, each of which enables disordered rope winding
in a drum of a winch to be early detected.
[0009] Provided is a method for monitoring a condition of a rope wound around a drum

of a winch. The method includes: orienting a camera to the drum to acquire a captured
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image of the drum and the rope by the camera; performing judgment on whether a winding
disorder of the rope is present or absent and determination of a disorder degree that is a
degree of the winding disorder when the winding disorder is present, on the basis of the
captured image; and outputting a result of the judgment and the determination.

[0010] Also provided is an apparatus for monitoring a condition of a rope wound around
a drum of a winch. The apparatus includes: a camera oriented to the drum of the winch
to generate a captured image of the drum and the rope; and a processor that performs
judgment on whether a winding disorder of the rope is present or absent and determination
of a disorder degree that is a degree of the winding disorder when the winding disorder is
present, on the basis of the captured image, and outputs a result of the judgment and the
determination.

[0011] Also provided is a crane including a boom, a winch, a camera, and a processor.
The boom has a distal end from which a suspended load is suspended. The winch
includes a drum for winding a rope that supports the suspended load or the boom and a
motor for rotating the drum. The camera is oriented to the drum to generate a captured
image of the drum and the rope. The processor performs judgment on whether a winding
disorder of the rope is present or absent and determination of a disorder degree that is a
degree of the winding disorder, on the basis of the captured image, and outputs a result of
the judgment and the determination.

Brief Description of Drawings

[0012] FIG. 1 is a side view of a crane according to an embodiment of the present
invention.

FIG. 2 is a block diagram representing control related equipment in the crane.

FIG. 3 is a block diagram showing respective configurations of a main controller,
an ECU, and an image processing device in the crane.

FIG. 4 is a perspective view of a winch installed on the crane.

FIG. 5 is a flowchart showing an example of a processing for monitoring the winch.

FIG. 6 shows an example of a captured image provided by a camera mounted on
the crane.

FIG. 7 is a view showing a first example of a relationship between a disorder
degree of rope winding in the winch monitoring processing and an operation result and an
operation remaining life of the winch.

FIG. 8 is a view showing a second example of a relationship between a disorder
degree of rope winding in the winch monitoring processing and an operation result and an
operation remaining life of the winch.

FIG. 9 is a flowchart showing an example of a disorder degree determination
processing according to a first application of the winch monitoring processing.

FIG. 10 is a diagram for explanation of an evaluation parameter that is derived
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from a captured image in a disorder degree determination processing according to the first
application.

Description of Embodiments

[0013] There will be described an embodiment of the present invention with reference to
the drawings. The following embodiment is illustrative of the invention, not intended to
limit the scope of the invention.

[0014] FIG. 1 shows a crane 10 according to the embodiment of the present invention.
The crane 10 is a work machine capable of moving a suspended load while lifting it.
[0015] As shown in FIG. 1, the crane 10 includes a lower body 11, an upper body 12, a
cab 13, a gantry 15, a first winch 16A, a second winch 16B, a counterweight 17, a boom
21, a boom point idler sheave 22, a counterweight 17, a hook 30, a gantry sheave 23, a
first rope 31A, and a second rope 31B.

[0016] The cab 13, the gantry 15, the first winch 16A, and the second winch 16B are
mounted on the upper body 12 so as to be turned integrally with the upper body 12. The
gantry 15 is fixed to the upper body 12 so as to stand up on the upper body 12. The upper
body 12 supports the counterweight 17 and the boom 21 in addition to the first winch 16A
and the second winch 16B.

[0017] The lower body 11 is a base part, which supports the upper body 12 capably of
turning. The upper body 12 is a turning body, which is driven to be turned by a non-
illustrated driving source provided in the lower body.

[0018] The crane 10 is a mobile crane. Specifically, the crane 10 further includes a
travelling device 14. The travelling device 14 is capable of travelling motion while
supporting the lower body 11. The travelling device 14 illustrated in FIG. 1 is a crawler
type device.

[0019] The cab 13 allows an operator to manipulate the crane 10 in the cab 13. The
boom 21 includes a boom foot that is a root part thereof and connected to the upper body
12 movably rotationally about a horizontal axis. The boom 21 can be raised and lowered
with respect to the upper body 12 by the vertically rotational movement about the boom
foot. The boom 21 has a distal end, from which a suspended load can be suspended
through the second rope 31B.

[0020] The first winch 16A and the gantry 15 support the boom 21 through the first rope
31A. The first rope 31A is, thus, a derricking rope for supporting the boom 21. The
gantry 15 has a top on which a gantry sheave 23 is rotatably mounted. The first rope
31A is drawn out from the first winch 16A and connected to the distal end of the boom 21
while being placed on the gantry sheave 23.

[0021] The second winch 16B supports the hook 30 and the suspended load engaged with
the hook 30, through the second rope 31B. The second rope 31B is, thus, a suspension

rope for supporting the suspended load. The second rope 31B is drawn out from the
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second winch 16B and supports the suspended load through the hook 30 while hanging
from the boom point idler sheave 22 which is rotatably attached to the distal end of the
boom 21.

[0022] The first winch 16A winds and unwinds the first rope 31A to thereby raise and
lower the boom 21, respectively. The second winch 16B winds and unwinds the second
rope 31B to thereby lift and lower the hook 30, respectively.

[0023] Each of the first and second winches 16A, 16B includes a drum 161, a driving
device 162, and a pair of drum supports 163, which are shown in FIG. 4.

[0024] The drum 161 includes a body 161a, a pair of flange parts 161b, and a rotary shaft
161c. The body 161a has an outer peripheral surface, which has a shape similar to a
cylinder around the rotary shaft 161c. On the outer peripheral surface is wound the
corresponding rope out of the first and second ropes 31A, 31B. The pair of flange parts
161b project radially outward beyond the outer peripheral surface of the drum 161 at
opposite ends of the drum 161 in the axial direction DX of (the body 161a of) the drum
161. The axial direction DX is a direction along the rotary shaft 161c. The pair of drum
supports 163 include respective bearings and rotatably supports the opposite ends of the
rotary shaft 161c by the bearings, respectively.

[0025] The driving device 162 rotationally drives the drum 161. The driving device 162
includes a motor 162a and a non-illustrated reduction gear. The motor 162a is coupled
to the drum 161 via the reduction gear to rotate the drum 16. The motor 162a in the
present embodiment is a hydraulic motor, which is driven by the supply of hydraulic fluid
from the hydraulic pump 42 shown in FIG. 2 to rotate the drum 161. The reduction gear
includes at least one gear to transmit the rotational force generated by the motor 162a to
the drum 161 at a predetermined reduction ratio.

[0026] The counterweight 17 is arranged to balance the weight of the counterweight 17
and the weight of the boom 21, the hook 30, and the suspended load.

[0027] The crane 10 includes a plurality of drive system devices, a plurality of control
system devices, and a communication device 63, which are shown in FIG. 2. The
plurality of drive systems include an engine 41, a hydraulic pump 42, and a plurality of
hydraulic control valves 43. The plurality of control system devices include a main
controller 61 and an ECU (engine control unit) 62.

[0028] The crane 10 further includes an operation device 51, a display device 52, and a
detection device 44. Each of the operation device 51 and the display device 52 is
provided in the cab 13 for human interface. The detection device 44 includes a plurality
of sensors to detect the state of the crane 10.

[0029] The operation device 51 allows an operation to be applied to the operation device
51 by an operator. The display device 52 displays information that is input to the display

device 52, for the operator. The operation device 51 includes an operation lever 511, an
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operation button 512, and an input device 513.

[0030] The input device 513 allows information to be input to the input device 513 by an
operator. For example, the input device 513 may be either a touch panel configured
integrally with the display device 52 or a device that allows information to be input
through the voice of an operator.

[0031] The detection device 44 includes a load sensor 441 and an unwinding length
detection device 442. The load sensor 441 detects the weight of the suspended load.
The unwinding length detection device 442 detects respective unwinding lengths of the
first and second ropes 31A and 31B. The unwinding length is the length of the delivered
part of each of the first and second ropes 31A, 31B, the delivered part being the part that
is unwound from the drum 161 of each of the first and second winches 16A, 16B.

[0032] For example, the unwinding length detection device 442 includes a revolution
number integration unit and a conversion unit.

[0033] The revolution number integration unit calculates the number of revolutions
acquired by integrating a revolution number of the motor 162a of each of the first and
second winches 16A, 16B with respect to both of a first rotational direction and a second
rotational direction opposite to the first rotational direction, and calculates the value
acquired by subtracting the integrated value of the revolution number with respect to the
second rotational direction from the integrated value of the revolution number with respect
to the first rotational direction as the integrated revolution number of the motor 162a.
In the present embodiment, the first rotational direction is a rotational direction of the
motor 162a corresponding to an unwinding direction, that is, a direction in which the drum
161 unwinds the rope, namely, the first rope 31A or the second rope 31B. The second
rotational direction is a rotational direction of the motor 162a corresponding to a winding
direction, that is, a direction in which the drum 161 winds the rope.

[0034] The conversion unit stores predetermined conversion information and, on the basis
of the conversion information, converts the integrated revolution number of each of the
first and second winches 16A, 16B calculated by the revolution number integration unit
to the unwinding length of each of the first and second ropes 31A, 31B. The conversion
information is stored in the conversion unit in the form of, for example, a transform
equation or a look-up table. Itis reflected in the conversion information that the winding
length or the unwinding length per revolution of the drum 161 is increased with an increase
in the wound layers of each of the first and second ropes 31A, 31B in the drum 161 of
each of the first and second winches 16A, 16B.

[0035] The unwinding length detection device 442 may include a rotation sensor that
counts the number of revolutions of the boom point idler sheave 22 or the number of
revolutions of the gantry sheave 23, respectively. In this case, the unwinding length

detection device 442 includes a conversion unit that converts the integrated value of the
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number of revolutions detected by the rotation sensor into the detected unwinding length.
[0036] The detection device 44 generates respective detection signals corresponding to
the detection results, and inputs the detection signals to the main controller 61 and the
ECU 62.

[0037] The main controller 61, the ECU 62, and the display device 52 are capable of
communicating with each other through an in-vehicle LAN (Local Area Network) such as
a CAN (Controller Area Network). In the present embodiment, the communication
medium of the in-vehicle LAN is a bus 9 such as a CAN-BUS.

[0038] The engine 41 is, for example, a diesel engine that drives the hydraulic pump 42.
The plurality of hydraulic control valves 43 are interposed between the hydraulic pump
42 and a plurality of non-illustrated actuators. Each of the hydraulic control valves 43
makes opening and closing action in accordance with a control signal that is input from
the main controller 61, thereby enabling the main controller 61 to control the direction
and flow rate of hydraulic fluid to be supplied from the hydraulic pump 42 to an actuator
corresponding to the hydraulic control valve 43 among the plurality of actuators. The
plurality of actuators actuate a plurality of driving objects including the first and second
winches 16A, 16B, the travelling device 14, and the upper body 12, respectively. The
plurality of actuators include the respective motors 162a of the first and second winches
16A, 16B.

[0039] The crane 10 further includes a first camera 45A, a second camera 45B, and a
communication device, which are shown in FIG. 2. The first camera 45A is oriented
toward the drum 161 in a first imaging direction, which is a direction intersecting the axial
direction DX of the drum 161 in the first winch 16A, for example, a direction orthogonal
to the axial direction DX. The first camera 45A generates a first captured image IM1 as
shown in FIG. 6, which contains the drum 161 and the first rope 31A wound around the
drum 161. Similarly, the second camera 45B is oriented toward the drum 161 along a
second imaging direction, which is a direction intersecting the axial direction DX of the
drum 161 in the second winch 16B, for example, a direction orthogonal to the axial
direction DX. The second camera 45B generates a second captured image IM2 as shown
in FIG. 6, which contains the drum 161 and the second rope 31B wound around the drum
161. The image shown in FIG. 6 corresponds to either of the first and second captured
images IM1, IM2.

[0040] The main controller 61 generates control signals based on the plurality of
detection signals generated by the detection device 44 and inputs the control signals to
control objects. The control objects include the hydraulic control valve 43. For
example, the detection device 44 includes a sensor for detecting the magnitude of the
operation applied to the operation lever 511 of the operation device 51, namely, the

operation amount of the operation lever 511, the sensor generating a detection signal on
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the operation amount and inputting the detection signal to the main controller 61. The
main controller 61 generates a control signal corresponding to the operation amount and
inputs the control signal to the hydraulic control valve 43, thereby controlling the action
of the motor 162a of each of the first and second winches 16A and 16B. Besides, the
main controller 61 makes the display device 52 perform necessary display.

[0041] To the main controller 61 are input a signal of the first captured image IM1
generated by the first camera 45A and a signal of the second captured image IM2 generated
by the second camera 45b. The main controller 61 can make the display device 52
display at least one of the first captured image IM1 and the second captured image IM?2
by input of a display command signal to the display device 52.

[0042] The main controller 61 also has a function of executing image processing, which
is a processing on the first and second captured images IM1, IM2 generated by the first
and second cameras 45A, 45B, detailed later. The image processing can be performed,
for example, also by execution of a predetermined program by a processor provided
separately from the MPU 601 of the main controller 61.

[0043] The ECU 62 controls the engine 41 in accordance with the plurality of detection
signals that are input from the detection device 44 or the control commands that are input
from the main controller 61. It is also possible that the ECU 62, instead of the main
controller 61, controls equipment other than the engine 41, such as the hydraulic control
valve 43, in accordance with the control command that is input from the main controller
61. The main controller 61 and the ECU 62 are, thus, an example of a control device.
[0044] The display device 52 displays the state of the crane 10 according to the display
command signal that is input from the main controller 61. For example, the display
device 52 includes at least one of a display lamp, a display instrument, and a panel display.
The main controller 61 controls operation of equipment including the display device 52.
[0045] In the example shown in FIG. 1, the first camera 45A is supported by a support
base 12a fixed to the upper body 12, and the second camera 45B is supported by the gantry
15.

[0046] The communication device 63 makes wireless communication with an external
device such as a terminal device 100 shown in FIG. 2. The main controller 61 and the
ECU 62 make communication with the external device through the communication device
63. For example, the communication device 63 makes communication with the external
device through a wireless communication line such as a mobile communication network
or Wi-Fi (registered trademark).

[0047] As shown in FIG. 3, each of the main controller 61 and the ECU 62 includes the
MPU (Micro Processing Unit) 601, a RAM (Random Access Memory) 602, a non-volatile
memory 603, a signal interface 604 and a bus interface 605. Each of the RAM 602 and

the non-volatile memory 603 is a computer-readable storage device.
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[0048] The MPU 601 is an example of a processor that executes a program already stored
in the non-volatile memory 603 to thereby execute data processing and control.

[0049] The RAM 602 is a volatile memory that temporarily stores the program to be
executed by the MPU 601 and the data to be derived or referenced by the MPU 601.
[0050] The non-volatile memory 603 stores the program to be executed by the MPU 601
and the data to be referenced by the MPU 601. The non-volatile memory 603 is, for
example, an EEPROM (Electrically Erasable Programmable Read Only Memory) or a
flash memory.

[0051] The signal interface 604 converts the plurality of detection signals generated by
the detection device 44 into digital data and transmits them to the MPU 601.
Furthermore, the signal interface 604 converts the control command that is output by the
MPU 601 into a control signal such as a current signal or a voltage signal and inputs it to
the controlled object.

[0052] The bus interface 605 relays data communication through the bus 9 between the
MPU 601 of the own device and the MPU 601 of the other device.

[0053] The first and second cameras 45A, 45B and the display device 52 enable an
operator to detect the occurrence of disordered winding in each of the first and second
winches 16A, 16B in the cab 13. The disordered winding, which is a state where the
winding of each of the first and second ropes 31A, 31B by the drum 161 of each of the
first and second winches 16A, 16B is disordered, may involve a trouble such as a
temporary sudden drop of the suspended load. The generation of the first and second
captured images IM1, IM2 containing the drum 161 in the first and second winches 16A,
16B by the first and second cameras 45A, 45B and the display of at least one of the first
and second captured images IM1, IM2 by the display device 52 enable the operator to
monitor the winding condition by the drum 161 through the first and second captured
images IM1, IM2 displayed by the display device 52 while performing operations in the
cab 13. When detecting disordered winding of the first or second ropes 31A and 31B,
the operator performs an operation for rewinding the rope.

[0054] The operator, however, has to monitor conditions of the suspended load or the
movement of the boom 21 or the like upon performing the operation, and therefore has to
perform in parallel both the monitoring of the conditions and the monitoring of the first
and second winches 16A, 16B through the display device 52. This may disable the
operator from early detecting the disordered winding or cause the operator to miss the
disordered winding. Furthermore, the winding condition of the rope 31 is likely to be
shifted from a slight disorder condition to a severe disorder condition with an increase in
the operating time and the number of operation times of operation of the first and second
winches 16A and 16B. The severe disorder condition renders re-winding of the rope 31

required.
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[0055] The crane 10 includes a winch monitoring apparatus 7 for solving such a problem.
The winch monitoring apparatus 7 enables the disorder condition of the winding of each
of the first and second ropes 31A, 31B to be detected in a slight stage enough to allow the
operation of the first and second winches 16A, 16B to be continued. This facilitates the
planning of working project by the crane 10. The winch monitoring apparatus 7 further
predicts the operation remaining life of each of the first and second winches 16A, 16B
until the arrival of the disorder condition at a severe stage, thereby further facilitating
planning of the working project by the crane 10.

[0056] In the crane 10, the winch monitoring apparatus 7 includes the first and second
cameras 45A and 45B, the MPU 601 of the main controller 61, and the ECU 62, monitoring
the state of the first and second winches 16A and 16B. The winch monitoring apparatus
7 executes the winch monitoring processing shown in FIG. 5 to thereby enable the
occurrence of disorder in the winding of each of the first and second ropes 31A, 31B by
the drum 161 of each of the first and second winches 16A, 16B to be detected at a slight
stage.

[0057] In the present embodiment, the execution of a predetermined program by the MPU
601 of the main controller 61 allows the main controller 61 to serve as a main processing
unit 611, an image processing unit 612, a disorder judgment unit 613, a life prediction unit
614, a notification unit 615 and a winch control unit 616, which are shown in FIG. 2.
[0058] In the winch monitoring processing, the disorder judgment unit 613 judges
whether the winding disorder of the first and second ropes 31A, 31B is present or absent
and determines the disorder degree that is the degree of the winding when the winding
disorder is present, based on the first and second captured images IM1, IM2 (FIG. 6)
generated by the first and second cameras 45A, 45B, respectively.

[0059] In the winch monitoring processing, the life prediction unit 614 predicts the
operation remaining life of the first and second winches 16A, 16B based on the disorder
degree and the operation result of each of the first and second winches 16A, 16B.

[0060] There will be described below an example of the winch monitoring processing
executed by the winch monitoring apparatus 7 with reference to the flowchart shown in
FIG. 5.

[0061] The winch monitoring processing is included in embodiments of a winch
monitoring method for monitoring the condition of the winch. The MPU 601 of the main
controller 61 is an example of a processor that performs the judgment of the winding
disorder and the output of the result of the judgment in the winch monitoring method.
[0062] The winch monitoring processing to be below described is performed for the first
and second winches 16A and 16B by use of the first and second cameras 45A and 45B,
respectively.

[0063] The main processing unit 611 of the main controller 61 makes the winch
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monitoring processing started upon the start of the engine 41 or the application of a
predetermined start operation to the input device 513. The winch monitoring processing
includes steps S101 to S115 shown in FIG. 5.

[0064] In step S101, the image processing unit 612 of the main controller 61 acquires the
first and second captured images IM1, IM2 from the first and second cameras 45A, 45B,
respectively. Specifically, respective signals of the first and second captured images IM1,
IM2 are input from the first and second cameras 45A, 45B to the image processing unit
612, respectively.

[0065] In step S102, the image processing unit 612 sets a target area AT that is a part of
the entire area of each of the first and second captured images IM1, IM2. The target area
AT is set, for example, in the following procedure, so as to include an area between the
pair of flange parts 161b of the drum 161.

[0066] The image processing unit 612 initially extracts a predetermined target image from
a predetermined reference area A0 in each of the first and second captured images IM1,
IM2, and sets the position of the target image as a reference position PO. The image
processing unit 612 then determines the target area AT with the reference position PO as a
reference.

[0067] The reference area A0 is, in other words, an area having a predetermined relative
positional relationship to the reference position PO and having a predetermined shape and
size. The shape and size of the reference area AO are fixed by the characteristics of the
first and second cameras 45A, 45B, the respective positional relationships between the
first and second cameras 45A, 45B and the drums 161 of the first and second winches 16A,
16B, and respective orientations of the first and second cameras 45A, 45B.

[0068] In the example shown in FIG. 6, the reference area AQ is an area containing one
end (the upper end in FIG. 6) of the flange part 161b which is one of the pair of flange
parts 161b (right side in FIG. 6), and the target image is the image of the one end of the
flange part 161b. With respect to the reference position PO, which is the position of the
target image, as a reference, the area between the pair of flange parts 161b, 161b is set as
the target area AT, as shown in FIG. 6.

[0069] For example, feature data representing the feature of the target image is prestored
in the non-volatile memory 603 of the main controller 61. In this case, the image
processing unit 612 extracts a partial image as the target image, from the reference area
AO of each of the first and second captured images IM1, IM2, the partial image having a
feature that satisfies a predetermined approximation condition with respect to the feature
represented by the feature data.

[0070] As the feature is employed, for example, at least one of the color of the image,
HOG (Histograms of Oriented Gradients), SIFT (Scale-Invariant Feature Transform) and
SURF (Speeded Up Robust Features).
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[0071] The reference area AO, thus, is set based on the position of the target image
extracted from each of the first and second captured images IM1, IM2. This allows the
target area AT to be appropriately set with respect to not only the reference area A0 but
also the reference position PO extracted from the reference area A0, even when the
vibration width of the drum 161 has a negligible magnitude in image processing.

[0072] In step S103, the image processing unit 612 determines respective unwinding
positions of the first and second ropes 31A, 31B in the drum 161 of the first and second
winches 16A and 16B on the basis of the first and second captured images IM1 and IM2.
[0073] In the present embodiment, the image processing unit 612 determines, in each of
the first and second captured images IM1, IM2, respective positions at which respective
extension regions RE of the first and second ropes 31A, 31B and a boundary line between
the inside and the outside of the target area AT intersect, respectively, as the unwinding
positions. The extension regions RE are respective regions of the first and second ropes
31A, 31B, each extending from the drum 161 in a direction intersecting the axial direction
DX, for example, in a substantially orthogonal direction thereto.

[0074] For example, the image processing unit 612 detects respective images of
intersection parts of the first and second ropes 31A, 31B, the intersection parts intersecting
the upper boundary line LAT, which is the boundary line on the upper side of the target
area AT, as respective images of the extension regions RE. The images of the extension
regions RE are detected by well-known edge detection proceeding or color extraction
proceeding.

[0075] Each of the unwinding positions is determined, for example, by a right unwinding
position PR and a left unwinding position PL. The right unwinding position PR is the
position of the intersection of the right edge of the image of the extension region RE and
the upper boundary line LAT, and the left unwinding position PL is the position of the
intersection of the left edge of the image of the extension region RE and the upper
boundary line LAT. The image of the extension region RE, therefore, occupies the area
between the right unwinding position PR and the left unwinding position PL.

[0076] In step S104, the image processing unit 612 determines the number of layers of
winding of each of the first and second ropes 31A, 31B in the drum 161 of the first and
second winches 16A, 16B. The number of layers is the number of each of wound layers
of the first rope 31A and the second rope 31B formed on the outer peripheral surfaces of
the drums 161 of the first and second winches 16A and 16B.

[0077] For example, the image processing unit 612 can determine the number of wound
layers based on a determination distance YD shown in FIG. 6. The determination
distance YD is the distance in a stacking direction DL from a reference line predetermined
along the axial direction DX of each of the first and second winches 16A, 16B to the

outermost layer of each of the first and second ropes 31A, 31B, wherein the stacking
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direction DL is a direction in which each of the first and second ropes 31A, 31B is stacked
on the outer peripheral surface of the drum 161 of each of the first and second winches
16A, 16B, generally, the radial direction of the drum 161. The image processing unit
612 is pregiven the correspondence relationship between the determination distance YD
and the number of layers.

[0078] The number of layers is also correlated with the unwinding length of each of the
first and second ropes 31A, 31B. The number of layers, therefore, also can be determined
based on the detection result of the unwinding length detection device 442, for example,
by the main processing unit 611.

[0079] Next is executed the processing of step S105 described below, and then executed
the processing of step S106.

[0080] In step S106, the disorder judgment unit 613 takes in the image of the target area
AT in each of the first and second captured images IM1, IM2 as an input image, and
performs a disorder degree determination about the winding condition of the first and
second ropes 31A, 31B contained in the input image, by pattern recognition of the input
image. The disorder degree determination includes judging whether the winding
condition is a good condition or a disorder condition, and determining which of a plurality
of disorder degree candidates that are already determined for the disorder degree the
winding condition corresponds to when the winding condition is the disordered condition.
The disorder degree determination is performed by the execution of a pattern recognition
process.

[0081] The good condition is a condition where a disordered winding is absent as to each
of the first and second ropes 31A, 31B. The plurality of disorder degree candidates are
predetermined candidates for the disorder degree.

[0082] In the present embodiment, the disorder degree is represented by a disorder degree
index NR which is selected from integers from 1 to NRmax (NRmax is an integer of 2 or
more), and the integers from 1 to NRmax correspond to the disorder degree candidates in
the NRmax stages, respectively.

[0083] The disorder degree index of 1 indicates that the winding of the first rope 31A or
the second rope 31B is in the slightest disordered condition. The disorder degree index
of the maximum value NRmax, namely, the maximum disorder degree index, indicates
that the winding of the first rope 31A or the second rope 31B is in the severest disorder
condition so as to require rewinding. The case where the disorder degree index is the
maximum disorder degree index NRmax is an example of the case where the disorder
degree is the limit degree.

[0084] In the present embodiment, the pattern recognition processing is a processing of
classifying the input image into one of the good condition and the plurality of disorder

condition candidates, by an already learnt learning model, with a plurality of sample
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images as to respective conditions corresponding to the good condition and the plurality
of disorder degree candidates as teacher data.

[0085] For example, the learning model is a model in which a classification-type machine
learning algorithm referred to as a random forest is adopted, or a model in which a machine
learning algorithm called an SVM (Support Vector Machine) is applied, or a model in
which a CNN ( Convolutional Neural Network) algorithm is adopted or the like.

[0086] In step S105, the disorder judgment unit 613 selects the learning model to be used
for determining the disorder degree, from among a plurality of already registered
candidate models.

[0087] The learning model is a model of image recognition, which model has been already
learnt with a plurality of sample images corresponding to the good condition and the
plurality of disorder degree candidates as teacher data. The plurality of candidate models
are a plurality of candidates of the learning model. The data of the plurality of candidate
models is stored in the non-volatile memory 603 of the main controller 61.

[0088] Each of the sample images is an image of the target area AT contained in an image
provided by the first camera 45A and the second camera 45B, being an image provided
for the learning of the learning model in advance of the execution of the winch monitoring
processing.

[0089] In the present embodiment, each of the candidate models is associated with a
combination of candidates for the unwinding positions PR, PL and candidates of the
number of wound layers. Specifically, the plurality of candidate models are the learning
models that are learnt with the plurality of sample images different from each other in the
combination of the unwinding positions PR, PL and the number of wound layers as teacher
data, respectively.

[0090] The disorder judgment unit 613 selects the learning model to be used for the
pattern recognition processing from among the plurality of candidate models. The
candidate model to be selected is the candidate model that is most corresponding to the
unwinding positions PR, PL and the number of wound layers with respect to each of the
first captured image IM1 and the second captured image IM2.

[0091] In general, in order to increase the accuracy of the disorder degree determination,
required is a huge amount of the teacher data for the learning of the learning model.
Preparing a vast number of the sample images, however, requires a great deal of time and
effort.

[0092] On the other hand, in the present embodiment, the sample image to be the teacher
data is classified into a plurality of groups in advance depending on a combination of the
unwinding positions PR, PL and the number of wound layers, and the learning of the model
is performed for each group. This enables a plurality of candidate models that provide

high determination accuracy simply to be acquired by only the preparation of a relatively
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few of sample images.

[0093] In step S106, the disorder judgment unit 613 determines the disorder degree on
the basis of the image of the target area AT in each of the first and second captured images
IM1, IM2.

[0094] Specifically, the disorder judgment unit 613 applies the image of the target area
AT in each of the first and second captured images IM1, IM2 to the learning model selected
in step S105, as the input image, thereby classifying the input image into one of the good
condition and the plurality of (in the number NRmax of the stages) disorder degree
candidates.

[0095] If the disorder judgment unit 613 judges the winding condition to be the good
condition, the main controller 61 repeats the processing after the step S101.

[0096] If the disorder judgment unit 613 judges the disorder degree index NR to be a
value other than the maximum disorder degree index NRmax, that is, judges the disorder
condition not to be the limit degree, the main controller 61 executes the processing of
steps S107 to S111.

[0097] In step S107, the life prediction unit 614 of the main controller 61 acquires
information about the operation result of each of the first and second winches 16A and
16B.

[0098] For example, in the case where the winch control unit 616 records the information
on operation result into the non-volatile memory 603 of the main controller 61, the life
prediction unit 614 acquires the information on operation result from the non-volatile
memory 603.

[0099] Besides, in the case where the winch control unit 616 records the information on
operation result into an external device such as the terminal device 100 or other server
device through the communication device 63, the life prediction unit 614 acquires the
information on operation result from the external device through the communication
device 63.

[0100] For example, the operation result includes at least one of the results of a rotation
drive time of the drum 161, the winding length of the first and second ropes 31A, 31B,
and the winding number of the first and second ropes 31A, 31B, in each of the first and
second winches 16A, 16B.

[0101] In step S108, after the execution of step S107, the life prediction unit 614
determines the progress pace PP of the winding disorder as shown in FIGS. 7 and 8 based
on the disorder degree index NR indicating the degree of progress of the disorder degree
and the operation result in a period taken for the progress of the disorder degree.

[0102] FIGS. 7 and 8 show a first example and a second example of the relationship
between the disorder degree index NR and the operation result, respectively.

[0103] In the first example shown in FIG. 7, when the winding disorder is judged to have
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occurred for the first time after a predetermined reference time point, the life prediction
unit 614 sets the operation result from the reference time point to the time point at which
a disorder degree index NRi, which is the first determination value of the disorder degree,
as a reference operation result WO. In this case, the life prediction unit 614 calculates
the progress pace PP (=W0/NRi) as shown in FIG. 7 by dividing the value of the reference
operation result WO by the initial disorder degree index NRi.

[0104] In the second example shown in FIG. 8, when the disorder degree index
corresponding to the disorder condition that has further progressed after the first judgment
that the winding disorder has occurred, namely, the current disorder degree index NRi, is
acquired, the life prediction unit 614 sets the operation result from the acquisition of the
previous disorder degree index NRj to the acquisition of the current disorder degree index
NRi as the reference operation result W0O. In this case, the life prediction unit 614
calculates the progress pace PP (=W0/(NRi-NRj)) shown in FIG. 8 by dividing the value
of the reference operation result WO by the difference (NRi-NRj) between the current
disorder degree index NRi and the previous disorder degree index NRj, that is, dividing
by disorder progress degree.

[0105] The reference operation result WO in the present embodiment includes at least one
of the rotational driving time of the drum 161, a winding length of each of the first and
second ropes 31A, 31B, and a winding number of each of the first and second ropes 31A,
31B, during the corresponding period.

[0106] The corresponding period is the period from the reference time point to the time
point at which the initial disorder degree index NRi is acquired, or a period from the time
point at which the previous disorder degree index NRj was acquired to the time point at
which current disorder degree index NR is acquired.

[0107] After calculating the progress pace PP, the life prediction unit 614 executes the
processing in step S109.

[0108] In step S109, the life prediction unit 614 predicts respective operational remaining
lives LW of the first and second winches 16A, 16B as shown in FIGS. 7 and 8, respectively,
based on the disorder degree index NR and the operation result.

[0109] In the present embodiment, the life prediction unit 614 predicts, as the operation
remaining lives LW, respective operation amounts allowed for the winches 16A, 16B until
the disorder degree index NR will have increased to the maximum disorder degree index
NRmax, that is, until the disorder degree will have progressed to the maximum degree, at
the progress pace PP.

[0110] In the present embodiment, the operation amount corresponding to the operation
remaining life LW includes one or more of the rotational driving time of the drum 161,
the winding length of each of the first and second ropes 31A, 31B, and the number of

winding times of each of the first and second ropes 31A, 31B, each of which is allowed
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in each of the first and second winches 16A, 16B.

[0111] The life prediction unit 614 predicts, as the operation remaining life LW, the
operation amount until the disorder degree will have progressed to the limit degree, that
is, the operation amount allowed for each of the first and second winches 16A, 16B until
the disorder degree index NR will have increased to the maximum disorder degree index
NRmax at the progress pace PP.

[0112] Specifically, the life prediction unit 614 initially calculates a reference remaining
life LWO shown in FIG. 7 or FIG. 8. The reference remaining life LWO is the operation
amount allowed for each of the first and second winches 16A, 16B until the disorder
degree index N will have increased to the maximum disorder degree index NRmax
corresponding to the limit degree from the latest disorder degree index NRi at the progress
pace PP.

[0113] In the first and second examples shown in FIGS. 7 and 8, the life prediction unit
614 multiplies the difference between the maximum disorder degree index NRmax
corresponding to the limit degree and the latest disorder degree index NRi (= NRmax-
NRi) by the progress pace PP to thereby calculate the reference remaining life LWO (=
PPx(NRmax-NRi)).

[0114] Next, as shown in FIGS. 7 and 8, the life prediction unit 614 sets the operation
result (operation amount) from the point in time when the latest disorder degree index NRi
was acquired to the present point in time as a differential operation result ALW
corresponding to the difference between the reference remaining life LWO0 and the actual
operation remaining life LW.

[0115] Moreover, the life prediction unit 614 subtracts the differential operation result
ALW from the reference remaining life LWO to thereby calculate the operation remaining
life LW (= LWO-ALW).

[0116] Next, in step S110, the notification unit 615 of the main controller 61 acquires
manual data associated with the result of the judgment on the winding disorder. The
manual data contains information for explaining an operation to be noted in accordance
with the result of the determination of the disorder degree to an operator or the like. The
manual data further includes information relating to a method for correcting the initial
disordered winding in the drum 161, such as a method for rewinding the first and second
ropes 31A, 31B. The notification unit 615 acquires the manual data, for example, from
the non-volatile memory 603 of the main controller 61 or the external device.

[0117] Next, in step S111, the notification unit 615 outputs guidance information
containing information about the determination result of the disorder degree, the operation
remaining life LW, and the manual data, to one or both of the display device 52 and the
terminal device 100, thereby rendering the determination result and the guidance

information notified.
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[0118] The notification unit 615, alternatively, may be configured to record the
information containing the determination result of the disorder degree and the operation
remaining life LW together with date and time information into the non-volatile memory
603 of the main controller 61.

[0119] After the output of the guidance information by the notification unit 615, the main
controller 61 repeats the processing of the step S101 and the steps following it.

[0120] When the disorder judgment unit 613 judges the current disorder degree to be the
limit degree in step S106, that is, determines the current disorder degree index NR to the
maximum disorder degree index NRmax, the main controller 61 executes the processing
of steps S112 to S115.

[0121] In step S112, the notification unit 615 executes processing for outputting an alarm
indicating that the disorder degree has reached the limit degree. Specifically, the
notification unit 615 inputs a command for making at least one device of the display device
52 and the terminal device 100 output the alarm to the at least one device. For example,
the notification unit 615 outputs an alarm image and alarm information. The alarm image
is at least one of the first and second captured images IM1, IM2 when the disorder degree
is determined to be the limit degree. The alarm information includes the determination
result of the disorder degree.

[0122] The alarm information may further contain information for prompting an operator
to rewind the rope to be alerted out of the first rope 31A and the second rope 31B, and an
image of the drum 161 in a good initial condition. The information enables an operator
to perform a rewinding operation of the first rope 31A or the second rope 31B, which is
the alarm target, with confirmation of the drum 161 to return to a good condition.

[0123] The notification unit 615, alternatively, may be configured to record the alarm
information along with date and time information in the non-volatile memory 603 of the
main controller 61.

[0124] Next, in step S113, the winch control unit 616 of the main controller 61 decelerates
the rotation of the motor 162a of the winch with the disorder degree that is determined to
the limit degree, out of the first and second winches 16A and 16B.

[0125] In step S113, the winch control unit 616 prioritizes the deceleration of the motor
162a even when an acceleration operation or a rotation maintaining operation is applied
to the operation lever 511. The acceleration operation is an operation for accelerating
the motor 162a, and the rotation maintaining operation is an operation for maintaining the
rotational speed of the motor 162a. In contrast, when a deceleration operation for
decelerating the motor 162a is detected as the operation applied to the operation lever 511,
the winch control unit 616 decelerates the motor 162a in accordance with the detected
deceleration operation. In step S113, thus, the winch control unit 616 restricts the control

of the motor 162a corresponding to the acceleration operation or the rotation maintaining
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operation of all the operations applied to the operation lever 511.

[0126] In step S113, the winch control unit 616 may stop the rotation of the motor 162a.
The winch control unit 616 may, for example, gradually decelerate the rotation of the
motor 162a to eventually stop the motor 162a. The "deceleration of the motor 162a",
thus, encompasses stopping the motor 162a.

[0127] In step S113, the winch control unit 616 may execute a control in a predetermined
initial winding mode after the stop of the rotation of the motor 162a. In the initial
winding mode, the winch control unit 616 judges the winding condition of the first layer
of the rope (the first rope 31A or second rope 31B) wound by the drum 161 of the
corresponding winch out of the first and second winches 16A and 16A, on the basis of the
corresponding captured image out of the first and second captured images IM1 and IM2
provided by the first and second cameras 45A and 45B. In addition, the winch control
unit 616 may also be configured to record the judgment result and the captured image of
the drum 161 into the non-volatile memory 603 or the like.

[0128] Next, in step S114, the winch control unit 616 judges whether or not a
predetermined confirmation operation has been applied to the input device 513. Until
the judgment of the confirmation operation to be applied (NO in step S114), the winch
control unit 616 continues the deceleration of the motor 162a. Unless the confirmation
operation is applied to the input device 513, therefore, the winch control unit 616
continues the control of gradually decelerating the rotation of the motor 162a until the
stop of the motor 162a.

[0129] At the point in time of judging the confirmation operation to be applied to the
input device 513 (YES in step S114), the winch control unit 616 releases the restriction
of the control to the motor 162a (step S115). From this point, the winch control unit 616
performs normal control of the motor 162a in accordance with the operation applied to the
operation lever 511.

[0130] The disorder judgment unit 613, thus, judges whether the winding disorder of each
of the first and second ropes 31A, 31B is present or absent and determines the disorder
degree that represents the degree of winding disorder, on the basis of the first and second
captured images IM1, IM2 provided by the first and second cameras 45A, 45B (steps S102
to S106 in FIG. 5).

[0131] Furthermore, the notification unit 615 outputs the determination result of the
disorder degree as a part of the guide information or the information on the alarm (refer
to steps S111, S112 in FIG. 5).

[0132] The execution of the above-described winch monitoring processing by the winch
monitoring apparatus 7 enables the winding disorder of the first and second ropes 31A,
31B in the respective drums 161 of the first and second winches 16A and 16B to be early
judged in a slight stage.
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[0133] Besides, the determination result of the disorder degree, when presented to an
operator or a user of the terminal device 100, facilitates the planning of the working
project of the crane 10.

[0134] In the present embodiment, the disorder judgment unit 613 determines the disorder
degree by executing the pattern recognition processing in step S106. The pattern
recognition processing according to the present embodiment is a processing of applying
the image of the target area AT in the first and second captured images IM1, IM2 to the
learning model and thereby classifying the image of the target area AT into one of the
good condition and the plurality of disorder degree candidates.

[0135] The pattern recognition processing enables the disorder degree to be determined
with high accuracy without any great deal of time or effort for adjusting the determination
algorithm according to the difference in type or size of the first and second winches 16A,
16B.

[0136] In the steps S107 to S109, in accordance with the disorder degree and the
operation result of each of the first and second winches 16A, 16B, the life prediction unit
614 predicts the operation remaining life LW of the winch.

[0137] Specifically, in step S108, as shown in FIGS. 7 and 8, the life prediction unit 614
determines the progress pace PP of the winding disorder each time, on the basis of the
degree of the progress of the disorder degree and a reference operation result W0, which
is the operation result in a period taken for the progress of the disorder degree.

[0138] Furthermore, in step S109, the life prediction unit 614 predicts, as the operation
remaining life LW, the operation amount allowed for each of the first and second winches
16A, 16B until the disorder degree will have increased to the predetermined limit degree
at the progress pace PP (refer to step S109 in FIG. 5 and FIGS. 7 and 8).

[0139] Besides, in step S111, the notification unit 615 outputs the prediction result of the
operation remaining life LW as a part of the guidance information.

[0140] The prediction result of the operation remaining life LW, when thus presented to
an operator or a user of the terminal device 100, facilitates the planning of the working
project of the crane 10.

[0141] FIG. 9 is a flowchart showing a disorder degree determination processing
according to a first application. The disorder degree determination processing may be
executed in place of the above processing of step S105 and step S106 in FIG. 5. The
disorder degree determination processing is adoptable to also the winch monitoring
processing.

[0142] In step S201 of FIG. 9, the image processing unit 612 of the above-described main
controller 61 determines a plurality of established index values from the images of the
target area AT in the first and second captured images IM1, IM2 provided by the first and

second cameras 45A, 45B, respectively. The plurality of index values are related to the
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winding condition of the first and second ropes 31A, 31B, including, for example, at least
a part of a ridgeline interval Gr, a ridgeline height difference AHr, a layer step AHy, and
a flange gap Gf which are shown in FIG. 10.

[0143] The ridgeline interval Gr is the interval between a plurality of ridgeline parts RL,
which are aligned along each of the axial directions DX1, DX2 in each wound layer of the
first and second ropes 31A, 31B.

[0144] The image processing unit 612 detects the plurality of ridgeline parts RL in each
of the wound layers of the first and second ropes 31A, 31B in each of a right target area
ATR and a left target area ATL that are contained in the target area AT set in the step S102.
The right target area ATR is an area on the right side of the right unwinding position PR
with respect to the axial direction DX, and the left target area ATL is an area on the left
side of the left unwinding position PL in the axial direction DX.

[0145] Each of the ridgeline parts RL is a part formed in a convex shape in the outline of
a wound part of the first and second ropes 31A, 31B around the drum 161.

[0146] As shown in FIG. 10, the plurality of ridgeline parts RL are formed to be aligned
along the axial direction DX in each wound layer. The plurality of ridgeline parts R2
can be detected by well-known edge detection processing or color extraction processing.
[0147] The image processing unit 612 detects the plurality of ridgeline parts RL in each
of the right target area ATR and the left target area ATL.

[0148] Furthermore, the image processing unit 612 detects a ridgeline height that is the
height of the plurality of ridgeline parts RL. The ridgeline height is a distance in the
stacking direction DL from a predetermined reference line to the plurality of ridgeline
parts RL, the reference line being a straight line along the axial direction DX.

[0149] The ridgeline height includes a right ridgeline height HR and a left ridgeline
height HL. The right ridgeline height HR is the height of the plurality of ridgeline parts
RL detected in the right target area AR, and the left ridgeline height HL is the height of
the plurality of ridgeline parts RL detected in the left target area AL.

[0150] In the example shown in FIG. 10, the reference line is the upper boundary line
LAT of the target area AT. Accordingly, the smaller the values of the right and left
ridgeline heights HR, HL, the greater the height of the plurality of ridgeline parts R2.
[0151] In FIG. 10 are typically shown three right ridgeline heights HRR (1), HRR (2) and
HRR (3), and three left ridgeline heights HRL (1), HRL (2), and HRL (3). The reference
numeral HR (m) is given to the height of the m-th ridgeline part RL counted from the right
unwinding position PR with respect to the axial direction DX1, and the reference mark
HL (m) is given to the height of the m-th ridgeline part RL counted from the left unwinding
position PL with respect to the axial direction DX.

[0152] Moreover, the image processing unit 612 determines an outermost layer height
Hmax that is the greater height of the right ridgeline height HR and the left ridgeline
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height HL. For example, as the outermost layer height Hmax, the image processing unit
612 determines the higher one selectively from the representative height of the plurality
of right ridgeline heights HR (1), HR (2)... and the representative height of the plurality
of left ridgeline heights HL (1), HL (2).... The representative height is, for example, the
average height or the maximum height.

[0153] The image processing unit 612 also can determine the area containing the
outermost layer height Hmax selectively from the right target area ATR and the left target
area ATL on the basis of the rotational direction of the motor 162a and the movement
direction of the unwinding positions PR, PL.

[0154] When the motor 162a is rotated in the direction of winding the rope (the first rope
31A or the second rope 31B), the area containing the outermost layer height Hmax, out of
the right target area ATR and the left target area ATL, is the upstream area in the movement
direction of the unwinding positions PR, PL.

[0155] In contrast, when the motor 162a is rotated in the direction of unwinding the rope,
the area corresponding to the outermost layer height Hmax, out of the right target area
ATR and the left target area ATL, is the downstream area in the movement direction of the
unwinding positions PR, PL.

[0156] Furthermore, as shown in FIG. 10, the image processing unit 612 derives the
ridgeline interval Gr for each wound layer. For example, the image processing unit 612
determines, as the ridgeline interval GL, an interval in the axial direction DX between the
ridgeline part RL that is the closest to the unwinding positions PR, PL and the ridgeline
part RL that is the second closest to the unwinding positions PR, PL in the area
corresponding to the outermost layer height Hmax out of the right target area ATR and the
left target area ATL. The ridgeline interval Gr illustrated in FIG. 10 is the interval
between the two ridgeline parts RL, RL in the right target area ATR.

[0157] The ridgeline height difference AHr is the difference in height between the
plurality of ridgeline parts RL in each wound layer.

[0158] The image processing unit 612 determines the difference between the plurality of
right ridgeline height HR or the difference between the plurality of left ridgeline heights
HL as the ridgeline height difference AHr. For example, the image processing unit 612
determines, as the ridgeline height difference AHr, the difference between the height of
the ridgeline part RL that is the closest to the unwinding position PR and PL and the height
of the ridgeline part RL that is the second closest thereto in the area containing the
outermost layer height Hmax of the right target area ATR and the left target area ATL.
In the example shown in FIG. 10, the absolute value of the difference between the two left
ridgeline heights HL (1), HL (2) determined in the left target area ATL is determined as
the ridgeline height difference AHr.

[0159] The layer step AHy is the difference between the height of the ridgeline part RL
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in the region after the increase in the wound layers and the height of the ridgeline part RL
in the region before the increase in the wound layers. For example, the image processing
unit 612 derives the absolute value of the difference between the representative height of
the plurality of right ridgeline height HR and the representative height of the plurality of
left ridgeline height HL as the layer step Ahy.

[0160] The flange gap Gf is the interval between the closer flange part 161b of the pair
of flange parts 161b and an end ridgeline part RLe, the closer flange part 161b being one
of the pair of flange parts 161b formed at opposite ends of the drum 161 in the axial
direction DX and closer to the end ridgeline part RLe. The edge ridgeline part RLe is
the ridgeline part RL that is included in the plurality of ridgeline parts RL and initially
formed in the outermost layer when the wound layer of the plurality of ridgeline parts RL
is increased.

[0161] For example, when the unwinding positions PR, PL moves in a direction of going
away from the right boundary line LAR or the left boundary line LAL of the target area
AT inward of the target area AT along with the rotation of the motor 162a in the direction
of winding the first rope 31A (or the second rope 31B), the image processing unit 612
determines, as the position of the edge ridgeline part RLe, the position of the ridgeline
part RL that is initially detected between the right boundary line LAR or the left boundary
line LAL and the unwinding positions PR, PL.

[0162] Next, in step S202 in FIG. 9, the disorder judgment unit 613 determines a plurality
of individual disorder degrees corresponding to the plurality of index values, respectively,
based on the plurality of index values. For example, the disorder judgment unit 613
determines respective individual disorder degrees for the index values by comparison
between the plurality of index values and a plurality of predetermined thresholds for the
plurality of index values, respectively.

[0163] Next, in step S203, the disorder judgment unit 613 determines a total disorder
degree on the basis of the plurality of individual disorder degrees. For example, the
disorder judgment unit 613 derives the severest one of the plurality of individual disorder
degrees (i.e., the one with the highest disorder degree index) or the average of the plurality
of individual disorder degrees (i.e., the average value of the disorder degree indexes) as
the total disorder degree.

[0164] In the processing of step S105 and step S106 in FIG. 5 may be executed a disorder
degree determination processing according to the below-described second application.
The disorder degree determination processing is adoptable to also the winch monitoring
processing.

[0165] In the second application, in step S106 in FIG. 5, the disorder judgment unit 613
executes pattern recognition processing with regarding the image of the target area AT in

each of the first and second captured images IM1, IM2 as an input image. The pattern
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recognition processing is a processing of determining which condition the input image
shows among the good condition and respective conditions corresponding to the plurality
of disorder degree candidates, by pattern recognition of the input image.

[0166] In the present application, the data of a plurality of candidate reference images is
already stored in the non-volatile memory 603 of the main controller 61. The plurality
of candidate reference images are associated with combinations of candidates for the
unwinding positions PR, PL and candidates for the number of layers, and further
associated with one of the good condition or the plurality of disorder degree candidates.
[0167] In step S105 in FIG. 5, the disorder judgment unit 613 selects from among the
plurality of candidate reference images, as a plurality of reference images, the images that
correspond to the unwinding positions PR, PL and the number of layers with respect to
each of the first and second captured images IM1, IM2 and correspond to the good
condition and the plurality of disorder degree candidates.

[0168] The pattern recognition processing in the present application is a processing of
determining the degree of approximation between the image of the target area AT in each
of the first and second captured images IM1, IM2 and each of the selected reference
images to thereby determine the good condition or the disorder degree.

[0169] For example, the disorder judgment unit 613 in the present application extracts
respective features in the image of the target area AT and the plurality of reference images,
and determines the approximation degree of each of the thus extracted features.

[0170] The features include, for example, SIFT (Scale-Invariant Feature Transform)
features or SURF (Speeded-Up Robust Features) features.

[0171] The disorder judgment unit 613 determines the reference image having the highest
approximation degree among the plurality of reference images to thereby determines the
good condition or the disorder degree.

[0172] In the first application, the good condition or the disorder degree is determined
mainly based on the condition of the ridgeline part RL of each of the first and second
ropes 31A, 31B wound around the drum 161.

[0173] On the other hand, in the embodiment or the second application, the condition of
the part other than the ridgeline part RL in the first and second ropes 31A, 31B wound
around the drum 161 can be reflected in the determination of the good condition or the
disorder degree.

[0174] For example, each of the sample images in the embodiment or each of the
reference images in the second application may include a plurality of images that show a
condition in which respective gaps between stacked portions of each of the first and
second ropes 31A, 31B on the drum 161 have different sizes. In this case, the disorder
degree is determined based on the size of the gap between the stacked portions.

[0175] While the disorder judgment unit 613, in each of the embodiment, the first
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application, and the second application, determines the good condition or the disorder
degree on the basis of the image of the target area AT in each of the first and second
captured images IM1, IM2, the disorder judgment unit 613 may determine the good
condition or the disorder degree on the basis of the whole of each of the first and second
captured images IM1, IM2 or an image of a predetermined specific area in each of the first
and second captured images IM1, IM2.

[0176] The target area AT is not limited to one determined with the reference position PO
as a reference, the reference position PO extracted from the reference area A0, as in the
above-described embodiment. For example, it is also possible that not the ridgeline part
RL or the unwinding position but a specific region around the center axis of the winch
(e.g., an area slightly below the target area AT shown in FIG. 10) is captured by the camera
and the winding condition of the rope (e.g., rope removal or rope recess) in the specific
area is detected. This aspect requires no determination of either of the reference area A0
and the reference position PO and, for example, it is also possible that an Al-learned
learning model determines the image at a predetermined position in the specific area.
The aspect requires no selection of the learning model corresponding to the unwinding
position, and further allows, in some cases, the selection of the learning model according
to the number of layers to be also omitted. Specifically, in the flowchart of FIG. 5 are
unrequired the steps S103 to S105.

[0177] Although, in the embodiment and the first and second applications, it is performed
to monitor each of the first and second winches 16A, 16B in the crane 10 equipped
therewith, neither the number of winches mounted on the crane according to the present
disclosure nor the number of monitoring-target winches to be monitored by the winch
monitoring apparatus is limited. For example, the present disclosure encompasses also
a crane equipped with three or more winches. Besides, the winch monitoring apparatus
according to the present disclosure may also monitor only a part of the plurality of winches
(e.g., only a single winch) mounted on the crane.

[0178] The processor that judges the winding disorder and outputs the result of the
judgment is not limited to the above main controller 60. The processor may be, for
example, either a controller for communication or dedicated to Al, or may be incorporated
within a camera. Alternatively, it may be a remote server located at a position far from
a crane body and configured to receive a signal related to an image captured by and
transmitted from the camera to perform the judgment and the output.

[0179] Thus, provided are a winch monitoring method, a winch monitoring apparatus,
and a crane, each of which enables disordered rope winding in a drum of a winch to be
early detected.

[0180] Provided is a method for monitoring a condition of a rope wound around a drum

of a winch. The method includes: orienting a camera to the drum to acquire a captured
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image of the drum and the rope by the camera; performing judgment on whether a winding
disorder of the rope is present or absent and determination of a disorder degree that is a
degree of the winding disorder when the winding disorder is present, on the basis of the
captured image; and outputting a result of the judgment and the determination.

[0181] The method, including judging a winding condition of the rope in the drum based
on the captured image acquired by the camera and outputting the result of the judgment,
enables the winding disorder to be early detected.

[0182] Preferably, the method further includes: acquiring information on an operation
result of the winch; performing prediction of an operation remaining life of the winch
based on the disorder degree and the operation result; and outputting a result of the
prediction. This allows not only the winding disorder to be detected but also the
operation remaining life of the winch to be recognized by the operator.

[0183] The prediction of the operation remaining life can be performed, for example, by
determining a progress pace of the winding disorder according to a degree of progress of
the disorder degree and the operation result in a period taken for the progress of the
disorder degree each time the disorder degree progresses, and predicting, as the operation
remaining life, an operation amount allowed for the winch until the disorder degree will
have progressed to a predetermined limit degree at the progress pace.

[0184] The operation result, for example, includes at least one of a rotational driving time
of the drum in the winch, a winding length of the rope, and a winding number of the rope,
and the operation remaining life includes at least one of the rotational driving time, the
winding length, and the winding number, each of which is allowed for the winch.

[0185] The determination of the disorder degree can be performed, for example, by
executing a pattern recognition process. The pattern recognition processing is a
processing of determining which an input image corresponds to, among a good condition
and a predetermined plurality of disorder degree candidates, with regarding the captured
image as the input image, by pattern recognition of the input image.

[0186] More specifically, it is preferable that determining the disorder degree includes:
determining an unwinding position at which the rope is unwound from the drum;
determining a number of layers of the rope to be wound around the drum; and selecting a
plurality of reference images that correspond to the unwinding position and the number of
layers with respect to the captured image and correspond to the plurality of disorder degree
candidates from among a plurality of reference image candidates associated with
combination of the candidate of the unwinding position and the candidate of the number
of layers and associated with one of the good condition and the plurality of disorder degree
candidates, wherein the pattern recognition processing is a processing for determining the
good condition or the disorder degree by determining an approximation degree between

the captured image and the selected plurality of reference images.
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[0187] The pattern recognition process, alternatively, may be a processing of classifying
the input image into one of the good condition and the plurality of disorder degree
candidates by a learning model that is already learned with a plurality of sample images
corresponding to the good condition and the plurality of disorder degree candidates,
respectively, as teacher data.

[0188] In this mode, it is preferred that determining the disorder degree includes:
determining an unwinding position at which the rope is unwound from the drum;
determining a number of layers of the rope wound around the drum; and selecting, from
among a plurality of learning model candidates associated with the combination of the
candidate of the unwinding position and the candidate of the number of layers, the learning
model candidate that corresponds to the unwinding position and the number of layers with
respect to the captured image, as the learning model to be used for the pattern recognition
processing.

[0189] The method may further include acquiring manual data associated with the
determination result of the winding disorder and outputting guidance information based
on the manual data.

[0190] Also provided is an apparatus for monitoring a condition of a rope wound around
a drum of a winch. The apparatus includes: a camera oriented to the drum of the winch
to generate a captured image of the drum and the rope; and a processor that performs
judgment on whether a winding disorder of the rope is present or absent and determination
of a disorder degree that is a degree of the winding disorder when the winding disorder is
present, on the basis of the captured image, and outputs a result of the judgment and the
determination.

[0191] Also provided is a crane including a boom, a winch, a camera, and a processor.
The boom has a distal end from which a suspended load is suspended. The winch
includes a drum for winding a rope that supports the suspended load or the boom and a
motor for rotating the drum. The camera is oriented to the drum to generate a captured
image of the drum and the rope. The processor performs judgment on whether a winding
disorder of the rope is present or absent and determination of a disorder degree that is a
degree of the winding disorder, on the basis of the captured image, and outputs a result of
the judgment and the determination.

[0192] Preferably, the processor further performs: acquisition of information on an
operation result of the winch; prediction of an operation remaining life of the winch based
on the disorder degree and the operation result; and outputting a result of the prediction.

[0193] For the prediction of the operation remaining life, preferably, the processor
performs determining a progress pace of the winding disorder according to a degree of
progress of the disorder degree and the operation result in a period taken for the progress

of the disorder degree and predicting, as the operation remaining life, an operation amount

26



W8397

allowed for the winch until the disorder degree will have progressed to a predetermined
limit degree at the progress pace.

[0194] For example, the operation result includes at least one of a rotational driving time
of the drum in the winch, a winding length of the rope, and a winding number of the rope,
and the operation remaining life includes at least one of the rotational driving time, the
winding length, and the winding number, each of which is allowed for the winch.

[0195] The processor preferably executes a pattern recognition processing to determine
the disorder degree. The pattern recognition processing is a processing of determining
which an input image corresponds to, among a good condition and a predetermined
plurality of disorder degree candidates, with regarding the captured image as the input
image, by pattern recognition of the input image.

[0196] More specifically, for determining the disorder degree, the processor preferably
performs: determining an unwinding position at which the rope is unwound from the drum;
determining a number of layers of the rope to be wound around the drum; and selecting a
plurality of reference images that correspond to the unwinding position and the number of
layers with respect to the captured image and correspond to the plurality of disorder degree
candidates from among a plurality of reference image candidates associated with the
combination of the candidate of the unwinding position and the candidate of the number
of layers and associated with one of the good condition and the plurality of disorder degree
candidates, the pattern recognition processing being a processing of determining the good
condition or the disorder degree by determining an approximation degree between the
captured image and the selected plurality of reference images.

[0197] The pattern recognition process, alternatively, may be a processing of classifying
the input image into one of the good condition and the plurality of disorder degree
candidates by a learning model that is already learned with a plurality of sample images
corresponding to the good condition and the plurality of disorder degree candidates,
respectively, as teacher data.

[0198] In this mode, for determining the disorder degree, the processer performs:
determining an unwinding position at which the rope is unwound from the drum;
determining a number of layers of the rope wound around the drum; and selecting, from
among a plurality of learning model candidates associated with combination of the
candidate of the unwinding position and the candidate of the number of layers, the learning
model candidate that corresponds to the unwinding position and the number of layers with
respect to the captured image, as the learning model to be used for the pattern recognition
processing.

[0199] The processor may further perform acquiring manual data associated with the
determination result of the winding disorder and outputting guidance information based

on the manual data.
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Claims

1. A winch monitoring method for monitoring a condition of a rope wound around a
drum of a winch, the method comprising:

orienting a camera to the drum to acquire a captured image of the drum and the
rope by the camera;

performing judgment on whether a winding disorder of the rope is present or
absent and determination of a disorder degree that is a degree of the winding disorder on
the basis of the captured image; and

outputting a result of the judgment and the determination.

2. The winch monitoring method according to claim 1, further comprising: acquiring
information on an operation result of the winch; performing prediction of an operation
remaining life of the winch on the basis of the disorder degree and the operation result;

and outputting a result of the prediction.

3. The winch monitoring method according to claim 2, wherein performing the
prediction of the operation remaining life includes determining a progress pace of the
winding disorder according to the degree of progress of the disorder degree and the
operation result in a period taken for the progress of the disorder degree each time the
disorder degree progresses, and predicting, as the operation remaining life, an operation
amount allowed therefor until the disorder degree will have progressed to a predetermined

limit degree at the progress pace.

4. The winch monitoring method according to claim 2 or 3, wherein the operation
result includes at least one of a rotational driving time of the drum in the winch, a winding
length of the rope, and a winding number of the rope, and the operation remaining life
includes at least one of the rotational driving time, the winding length, and the winding

number, each of which is allowed for the winch.

5. The winch monitoring method according to any one of claims 1 to 4, wherein
determining the disorder degree includes: executing pattern recognition processing, which
is a processing of determining which an input image corresponds to, among a good
condition and a predetermined plurality of disorder degree candidates, with regarding the

captured image as the input image, by pattern recognition of the input image.
6. The winch monitoring method according to claim 5, wherein determining the

disorder degree includes: determining an unwinding position at which the rope is unwound

from the drum; determining a number of layers of the rope to be wound around the drum;
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and selecting a plurality of reference images that correspond to the unwinding position
and the number of layers with respect to the captured image and correspond to the plurality
of disorder degree candidates from among a plurality of reference image candidates
associated with combination of the candidate of the unwinding position and the candidate
of the number of layers and associated with one of the good condition and the plurality of
disorder degree candidates, the pattern recognition processing being a processing of
determining the good condition or the disorder degree by determining an approximation

degree between the captured image and the selected plurality of reference images.

7. The winch monitoring method according to claim 5, wherein the pattern
recognition processing is a processing of classifying the input image into one of the good
condition and the plurality of disorder degree candidates by a learning model that is
already learned with a plurality of sample images corresponding to the good condition and

the plurality of disorder degree candidates, respectively, as teacher data.

8. The winch monitoring method according to claim 7, wherein determining the
disorder degree includes: determining an unwinding position at which the rope is unwound
from the drum; determining a number of layers of the rope wound around the drum; and
selecting, from among a plurality of learning model candidates associated with
combination of the candidate of the unwinding position and the candidate of the number
of layers, the learning model candidate that corresponds to the unwinding position and the
number of layers with respect to the captured image, as the learning model to be used for

the pattern recognition processing.

9. The winch monitoring method according to any of claims 1 to 8, further
comprising acquiring manual data associated with the determination result of the winding

disorder and outputting guidance information based on the manual data.

10. A winch monitoring apparatus for monitoring a condition of a rope wound around
a drum of a winch, the apparatus comprising:

a camera oriented to the drum of the winch to generate a captured image of the
drum and the rope; and

a processor that performs judgment on whether a winding disorder of the rope is
present or absent and determination of a disorder degree that is a degree of the winding
disorder, on the basis of the captured image, and outputs a result of the judgment and the

determination.

11. A crane comprising:
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a boom having a distal end from which a suspended load is suspended;

a winch including a drum for winding a rope that supports the suspended load or
the boom and a motor for rotating the drum;

a camera oriented to the drum to generate a captured image of the drum and the
rope; and

a processor that performs judgment on whether a winding disorder of the rope is
present or absent and determination of a disorder degree that is a degree of the winding
disorder, on the basis of the captured image, and outputs a result of the judgment and the

determination.

12. The crane according to claim 11, wherein the processor further performs:
acquiring information on an operation result of the winch; predicting an operation
remaining life of the winch based on the disorder degree and the operation result; and

outputting a result of the prediction.

13. The crane according to claim 12, wherein the processor performs, for predicting
the operation remaining life, determining a progress pace of the winding disorder
according to a degree of progress of the disorder degree and the operation result in a period
taken for the progress of the disorder degree and predicting, as the operation remaining
life, an operation amount allowed for the winch until the disorder degree will have

progressed to a predetermined limit degree at the progress pace.

14. The crane according to claim 12 or 13, wherein the operation result includes at
least one of a rotational driving time of the drum in the winch, a winding length of the
rope, and a winding number of the rope, and the operation remaining life includes at least
one of the rotational driving time, the winding length, and the winding number, each of

which is allowed for the winch.

15. The crane according to any one of claims 11 to 14, wherein the processor executes
a pattern recognition processing of determining the disorder degree, the pattern
recognition processing being a processing of determining which an input image
corresponds to, among a good condition and a predetermined plurality of disorder degree
candidates, with regarding the captured image as the input image, by pattern recognition

of the input image.
16. The crane according to claim 15, wherein the pattern recognition processing is a

processing of classifying the input image into one of the good condition and the plurality

of disorder degree candidates by a learning model that is already learned with a plurality
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of sample images corresponding to the good condition and the plurality of disorder degree

candidates, respectively, as teacher data.
17. The crane according to any of claims 11 to 16, wherein the processor further

performs acquiring manual data associated with the determination result of the winding

disorder and outputting guidance information based on the manual data.
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