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(57) A load on a hull can be observed by a simple
configuration. A hull load observation device 10 may in-
clude an acceleration measuring part 21, a posture
measuring part 22, an extracting module 30, and a load
calculating module 40. The acceleration measuring part
21 may measure an acceleration of the hull. The posture
measuring part 22 may measure a posture of the hull.

The extracting module 30 may extract a load observation
acceleration caused by a phenomenon leading to the
load on the hull from the acceleration, and extract a load
observation posture caused by the phenomenon from
the posture. The load calculating module 40 may calcu-
late the load based on the load observation acceleration
and the load observation posture.



EP 3 590 818 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present disclosure relates to a hull load observation device, a method of observing a load on a hull, and
a hull load observation program, which observe the load on the hull due to waves etc.

BACKGROUND ART

[0002] For ships, such as large-sized merchant ships, a load on the hull underway is a problem. For example, factors
of the load on the hull are slamming, whipping, etc. The slamming is an impact produced when a wave collides with the
hull, and the whipping is vibration of the hull resulting from the slamming.
[0003] Accumulation of the hull load may lead to a change in the characteristics of the hull and damage to the hull to
the extent that the safe traveling and the handling of the ship are affected.
[0004] Therefore, various systems which observe the hull load are devised conventionally. For example, Nonpatent
Document 1 discloses a hull load monitoring system which uses an optical fiber and a high precision sensor.

[Reference Document of Conventional Art]

[Nonpatent Document]

[0005] [Nonpatent Document 1] The internet, http://dspace.dsto.defence.gov.au/dspace/bitstream/desto/10246/1/DS-
TO-TR-2 818%20PR.pdf

DESCRIPTION OF THE DISCLOSURE

[Problems to be Solved by the Disclosure]

[0006] However, with the configuration disclosed in Nonpatent Document 1, a large-scale installation is required and
the hull load cannot be observed by a simple configuration.
[0007] Therefore, one purpose of the present disclosure is to provide a hull load observation device, a method of
observing a load on a hull, and a hull load observation program, capable of observing the load on the hull by a simple
configuration.

[Summary of the Disclosure]

[0008] A hull load observation device according to one aspect of the present disclosure may include an acceleration
measuring part, a posture measuring part, an extracting module, and a load calculating module. The acceleration meas-
uring part may measure an acceleration of a hull. The posture measuring part may measure a posture of the hull. The
extracting module may extract a load observation acceleration caused by a phenomenon leading to the load on the hull
from the acceleration, and extract a load observation posture caused by the phenomenon from the posture. The load
calculating module may calculate the load based on the load observation acceleration and the load observation posture.
[0009] According to this configuration, the acceleration measuring part and the posture measuring part don’t have a
complex structure, and the extracting module and the load calculating module connected to these parts can be imple-
mented with a general processor, such as, CPU.

[Effect of the Disclosure]

[0010] According to the present disclosure, the hull load can be observed by the simple configuration.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

Fig. 1 is a block diagram of a hull load observation device according to a first embodiment of the present disclosure.
Fig. 2 is a block diagram illustrating one example of a configuration which realizes a movement state measuring
part according to the first embodiment of the present disclosure.
Fig. 3(A) is a plan view of a ship provided with the hull load observation device according to the first embodiment
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of the present disclosure, and Fig. 3(B) is a side view of the ship provided with the hull load observation device
according to the first embodiment of the present disclosure.
Fig. 4 is a flowchart of a main flow executed by the hull load observation device according to the first embodiment
of the present disclosure.
Fig. 5 is a flowchart of a first load calculation.
Fig. 6 is a flowchart of a second load calculation.
Fig. 7 is a flowchart of a flow to observe slamming.
Fig. 8(A) is an outline flowchart of an estimation of whipping, and Fig. 8(B) is a detailed flowchart of the estimation
of whipping.
Fig. 9 is a flowchart for calculating a change in a hull posture due to slamming based on an angular velocity.
Fig. 10 is a block diagram of a hull load observation device according to a second embodiment of the present
disclosure.
Fig. 11(A) is a plan view of a ship provided with the hull load observation device according to the second embodiment
of the present disclosure, and Fig. 11(B) is a side view of the ship provided with the hull load observation device
according to the second embodiment of the present disclosure.
Fig. 12 is a flowchart for estimating a direction of arrival of wave which causes slamming.
Fig. 13 is a flowchart for estimating a whipping propagation characteristic.
Fig. 14 is a block diagram of a navigation support system to which the hull load observation device according to
one embodiment of the present disclosure is applied.

MODES FOR CARRYING OUT THE DISCLOSURE

[0012] A hull load observation device according to a first embodiment of the present disclosure is described with
reference to the drawings. Fig. 1 is a block diagram of a hull load observation device according to the first embodiment
of the present disclosure. Fig. 2 is a block diagram illustrating one example of a configuration which realizes a movement
state measuring part according to the first embodiment of the present disclosure. Fig. 3(A) is a plan view of a ship
provided with the hull load observation device according to the first embodiment of the present disclosure. Fig. 3(B) is
a side view of the ship provided with the hull load observation device according to the first embodiment of the present
disclosure.
[0013] As illustrated in Fig. 1, a hull load observation device 10 may include a movement state measuring part 20, an
extracting module 30, and a load calculating module 40. The extracting module 30 and the load calculating module 40
may constitute a data processor 50. The data processor 50 may be implemented by hardware which performs arithmetic
operation, such as a CPU, and a program which causes the hardware of the arithmetic operation to execute processings
of the extracting module 30 and the load calculating module 40.
[0014] The movement state measuring part 20 may be disposed at a position suitable for calculating a load on the
hull 100, and, for example, it may be disposed at a bow 101 of a hull 100 in a case of Figs. 3(A) and 3(B). Although not
illustrated in Figs. 3(A) and 3(B), the data processor 50 may be installed in a control room 110 of the hull 100. The
movement state measuring part 20 and the data processor 50 may be connected with each other through a general-
purpose means of communication, such as a telecommunication cable, a cable LAN, and a wireless LAN. That is, the
movement state measuring part 20 and the data processor 50 may be connected to the general-purpose and less-
expensive means of communication.
[0015] The movement state measuring part 20 may include an acceleration measuring part 21 and a posture measuring
part 22. The acceleration measuring part 21 may measure an acceleration of the hull 100 provided with the hull load
observation device 10. The posture measuring part 22 may measure a posture of the hull to which the hull load observation
device 10 is mounted. The acceleration measuring part 21 may output the acceleration to the extracting module 30. The
posture measuring part 22 may output the posture to the extracting module 30. In the case of Figs. 3(A) and 3(B), the
acceleration measuring part 21 may measure the acceleration of the hull 100 at the bow 101. The posture measuring
part 22 may measure the posture of the hull 100 at the bow 101.
[0016] The extracting module 30 may observe a phenomenon leading to a hull load (hereinafter, simply referred to as
the "load"), such as slamming or whipping, based on the acceleration and the posture.
[0017] The extracting module 30 may extract a load observation acceleration from the acceleration based on the
observation result. The load observation acceleration may be an acceleration caused by the phenomenon leading to
the load, such as slamming or whipping. In other words, the load observation acceleration may be a value obtained by
subtracting the acceleration caused during the normal traveling from the measured acceleration.
[0018] The extracting module 30 may extract a load observation posture from the posture based on the observation
result. The load observation posture may be a posture caused by the phenomenon leading to the load, such as slamming
or whipping. In other words, the load observation posture may be a value obtained by subtracting the posture produced
during the normal traveling from the measured posture.
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[0019] The extracting module 30 may output the load observation acceleration and the load observation posture to
the load calculating module 40.
[0020] The load calculating module 40 may calculate the load on the hull 100 based on the load observation acceleration
and the load observation posture. In detail, the load calculating module 40 may calculate a load index value based on
the load observation acceleration and the load observation posture. For example, the load index value may be calculated
when the load observation posture is a given posture and the load observation acceleration is a given acceleration, and
it may be calculated as a value according to the postures and the acceleration. Moreover, the load index value may be
calculated to be a larger value as the load observation acceleration increases.
[0021] Note that an amount of change or a rate of change in the load observation acceleration may be used as the
load index value, and, in this case, the load index value may be calculated to be a larger value as the amount of change
or the rate of change in the load observation acceleration increases. In this case, the amount of change or the rate of
change in the load observation acceleration may be calculated based on the load observation accelerations before and
after a timing at which the phenomenon leading to the load occurs.
[0022] Moreover, an amount of change or a rate of change in the load observation posture may be used as the load
index value, and, in this case, the load index value may be calculated to be a larger value as the amount of change or
the rate of change in the load observation posture increases. In this case, the amount of change or the rate of change
in the load observation posture may be calculated based on the load observation accelerations before and after the
timing at which the phenomenon leading to the load occurs.
[0023] The load calculating module 40 may integrate the load index values which are sequentially calculated. The
load calculating module 40 may calculate this integrated value as the load. Here, the load calculating module 40 may
set a threshold for the index value to the load index value, and it may integrate the load index values only when the load
index value exceeds the threshold for the load index value.
[0024] Moreover, for example, the load calculating module 40 may compare the integrated value of the load index
value, i.e., the load, with a given notification threshold. The load calculating module 40 may notify a warning etc. when
the load exceeds the notification threshold.
[0025] By using such a configuration, the load given to the hull 100 by slamming or whipping can be calculated with
a simple configuration. Moreover, the load on the hull 100 reaching a dangerous level can be informed with the simple
configuration.
[0026] The hull load observation device 10 may calculate the load only based on the acceleration and the posture
which causes the load, by using the load observation acceleration extracted from the acceleration and the load observation
posture extracted from the posture. Therefore, the hull load observation device 10 can calculate the load with high
precision.
[0027] Note that, although in the above description each processing is executed by a corresponding functional part,
the processings of the functional parts may be programmed and stored, and this program may be executed by the
arithmetic operation hardware, such as the CPU. In this case, the processings may be executed based on the following
flowchart. Fig. 4 is a flowchart illustrating a main processing of a load observation according to the first embodiment of
the present disclosure.
[0028] As illustrated in Fig. 4, the arithmetic operation hardware (hereinafter, referred to as the "arithmetic operation
device" or "processor") may acquire the acceleration and the posture of the hull (S101). The arithmetic operation device
may extract the load observation acceleration from the acceleration, and extract the load observation posture from the
posture (S102). The arithmetic operation device may calculate the load based on the load observation acceleration and
the load observation posture (S103).
[0029] A concrete method of calculating the load is, for example, a method illustrated in Figs. 5 and 6. Fig. 5 is a
flowchart of a first load calculation. Fig. 6 is a flowchart of a second load calculation.
[0030] As illustrated in Fig. 5, the arithmetic operation device may calculate the load index value as described above
based on the load observation acceleration and the load observation posture (Sill). The arithmetic operation device may
calculate the load by integrating the load index values (S112).
[0031] As illustrated in Fig. 6, the arithmetic operation device may calculate the load index value as described above
based on the load observation acceleration and the load observation posture (Sill). If the load index value exceeds the
threshold for the index value (SI13: YES), the arithmetic operation device may calculate the load by integrating the load
index values (S112). If the load index value does not exceed the threshold for the index value (S113: NO), the arithmetic
operation device may calculate the load without adding this load index value to the current integrated value (S114). If
using the method illustrated in Fig. 6, when the load index value is small and it does not have bad influences (exhaustion
etc.) on the hull 100, this load index value may not be integrated. Therefore, the load can be calculated with higher
precision.
[0032] Next, one example of a concrete configuration of the movement state measuring part 20 is described using Fig. 2.
[0033] The movement state measuring part 20 may include antennas 201, 202, and 203, receivers 204, 205, and 206,
an inertia sensor 207, and a processor 208. The antenna 201 may be connected to the receiver 204, the antenna 202
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is connected to the receiver 205, and the antenna 203 is connected to the receiver 206. The receivers 204, 205, and
206 and the inertia sensor 207 may be connected to the processor 208.
[0034] The antennas 201, 202, and 203 may be disposed so that all the antennas are not lined up linearly. The antenna
201 may receive a positioning signal and output it to the receiver 204. The antenna 202 may receive a positioning signal
and output it to the receiver 205. The antenna 203 may receive a positioning signal and output it to the receiver 206.
The positioning signal may be a signal transmitted from a positioning satellite, such as a GNSS satellite, and may be a
signal obtained by modulating a carrier signal with a code peculiar to each positioning satellite. The carrier signal may
be superimposed with a navigation message including, for example, orbital information of the positioning satellite. The
antennas 201, 202, and 203 may receive at least four common positioning signals.
[0035] The receiver 204 may acquire and track the positioning signal received by the antenna 201, and observe a
code phase and a carrier phase. The receiver 205 may acquire and track the positioning signal received by the antenna
202, and observe a code phase and a carrier phase. The receiver 206 may acquire and track the positioning signal
received by the antenna 203, and observe a code phase and a carrier phase.
[0036] The receivers 204, 205, and 206 may observe the code phases and the carrier phases at a given time interval.
The receivers 204, 205, and 206 may output the observed carrier phases to the processor 208 along with observation
timings. Note that the receivers 204, 205, and 206 may output to the processor 208 the code phases, or may output to
the processor 208 a code pseudo range acquired from the code phase or a positioning result by the code pseudo range.
[0037] The inertia sensor 207 may include at least an acceleration sensor. The inertia sensor 207 may measure
accelerations in three perpendicular axes of a hull coordinate system at an installed position, and output them to the
processor 208.
[0038] The processor 208 may calculate an angular velocity and the posture at the installed position of the movement
state measuring part 20 in the hull 100 based on the carrier phases. In more detail, the processor 208 may set base-
line vectors of the antennas 201, 202, and 203 based on differences of the carrier phases (carrier phase difference) of
the receivers 204, 205, and 206. The processor 208 may calculate the angular velocities on the three perpendicular
axes of an absolute coordinate system based on changes in the base-line vectors acquired at every observation timing.
The processor 208 may convert the angular velocities on the three perpendicular axes of the absolute coordinate system
into the hull coordinate system to calculate the posture of the hull 100.
[0039] The processor 208 may use the outputs of the inertia sensor 207 as they are to output them as the accelerations
of the hull 100. Note that the processor 208 may correct the outputs of the inertia sensor 207 by using on the accelerations
calculated based on the carrier phases to calculate the accelerations of the hull 100. Therefore, the calculation accuracy
of the accelerations may improve.
[0040] Thus, with the configuration illustrated in Fig. 2, the acceleration measuring part 21 of Fig. 1 may be implemented
by the inertia sensor 207 and the processor 208. Moreover, with the configuration illustrated in Fig. 2, the posture
measuring part 22 illustrated in Fig. 1 may be implemented by the receivers 204, 205, and 206 and the processor 208.
Therefore, the acceleration which can be used as the source of extraction of the load observation acceleration, and the
posture which can be used as the source of extraction of the load observation posture can be measured by the simple
configuration in which the positioning operation function and the inertia sensor are integrated into one device.
[0041] Note that in the movement state measuring part 20, the inertia sensor 207 can be omitted, and, in this case,
the accelerations may be calculated based on the carrier phases. On the other hand, in the movement state measuring
part 20, the antennas 201, 202, and 203, and the receivers 204, 205, and 206 may be omitted, and the inertia sensor
207 may be provided with the posture sensor(s), as well as the acceleration sensor(s). Moreover, the inertia sensor 207
may be provided with an angular velocity sensor, and the posture which can be used as the source of extraction of the
load observation posture may be calculated based on the output of the angular velocity sensor and the angular velocity
by the carrier phase.
[0042] Next, a method of observing slamming and whipping for extracting the load observation acceleration and the
load observation posture is described. As illustrated in Fig. 3(B), slamming may be an impact produced when a wave
collides with the hull 100. As illustrated in Fig. 3(B), whipping may be vibration produced in the hull 100 by slamming.
[0043] Roughly, the extracting module 30 may observe slamming based on the acceleration at a plurality of observation
timings. In addition, the extracting module 30 may observe whipping based on the acceleration or the change in the
posture (angular velocity) at a plurality of observation timings. Then, the extracting module 30 may detect occurred
timings of slamming and whipping. That is, the extracting module 30 may also function as a detector which detects the
occurred timing of the phenomenon leading to the load on the hull.
[0044] Fig. 7 is a flowchart of a flow for observing slamming.
[0045] First, the extracting module 30 may buffer the accelerations at the plurality of observation timings (S211). Note
that, in this case, the extracting module 30 may also buffer the posture, in addition to the acceleration. The extracting
module 30 may acquire a Z-axis acceleration "az" included in the acceleration at each observation timing (S212). The
Z-axis acceleration az may be an acceleration in the vertical direction in the hull coordinate system.
[0046] The extracting module 30 may highpass-filter (HPF) the Z-axis acceleration az (S213). The Z-axis acceleration
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az caused by slamming may become a higher frequency than the steady Z-axis acceleration caused by the normal
wave. Therefore, a threshold frequency of the highpass filtering may be set between the steady Z-axis acceleration
caused by the normal wave and the Z-axis acceleration az caused by slamming which is acquired beforehand experi-
mentally, experientially, or by a simulation. By performing this processing, the steady component caused by the normal
wave included in the Z-axis acceleration may be removed.
[0047] The extracting module 30 may compare a post-HPF acceleration azf with a threshold Th (S214). The threshold
Th may be set as a lower limit of the Z-axis acceleration which can be determined that a wave collides with the hull 100
and slamming occurs. The threshold Th may be a value determined experimentally, experientially, or by the simulation,
and may be changed based on the movement state of the hull. For example, the threshold Th may be raised in stormy
weather and lowered during the ship is stopped.
[0048] If the post-HPF acceleration azf is above the threshold Th (azf>Th) (S215: YES), the extracting module 30 may
detect that slamming occurred (S216). When the occurrence of slamming is detected, the extracting module 30 may
save the accelerations at a plurality of observation timings before the detection of the slamming occurrence (S217).
Here, the extracting module 30 may also save the posture, in addition to the acceleration. Note that, when only detecting
slamming, Step S217 can be omitted.
[0049] The extracting module 30 may set the post-HPF acceleration azf at an occurred timing of slamming as the load
observation acceleration. Moreover, the extracting module 30 may set the posture at this occurred timing of slamming
the load observation posture.
[0050] On the other hand, if the post-HPF acceleration azf is below the threshold Th (azf<Th) (S215: NO), the data
processor 50 may determine that slamming is not occurred.
[0051] By using such a configuration and processing, the extracting module 30 can observe slamming. Here, if the
acceleration based on the carrier phase is used, the extracting module 30 can observe slamming with high precision,
and can extract the highly-precise load observation acceleration.
[0052] Moreover, the extracting module 30 can accurately separate the acceleration caused by the normal shake of
the hull 100 and the acceleration caused by the impact of slamming, by using the post-HPF acceleration azf. Therefore,
the extracting module 30 can observe slamming with higher precision.
[0053] Fig. 8(A) is an outline flowchart of an estimation of whipping. Fig. 8(B) is a detailed flowchart of the estimation
of whipping.
[0054] As illustrated in Fig. 8(A), the extracting module 30 may acquire the postures at a plurality of observation timings
before and after slamming is occurred (S301). The extracting module 30 may calculate a rate of change in the posture
based on the postures at the plurality of observation timings. The extracting module 30 may conduct a frequency analysis
of the rate of change in the posture (S302). The frequency analysis may be a processing which calculates a frequency
spectrum of the rate of change in the posture (for example, FFT processing). The extracting module 30 may estimate
a frequency of whipping and an intensity of whipping based on the frequency spectrum (S303).
[0055] In detail, as illustrated in Fig. 8(B), the extracting module 30 may detect a peak of the frequency spectrum of
the rate of change in the posture, and detect a peak intensity PS (S311). The extracting module 30 may compare the
peak intensity PS with a whipping detection threshold Thp. The whipping detection threshold Thp may be set as a lower
limit of the spectral intensity which can be determined that whipping is occurred. The whipping detection threshold Thp
may be a value determined experimentally, experientially, or by the simulation, and may be changed based on the
movement state of the hull. For example, the whipping detection threshold Thp may be raised in stormy weather, or may
be lowered during the ship is stopped.
[0056] If the peak intensity PS is above the whipping detection threshold Thp (PS≥Thp) (S312: YES), the extracting
module 30 may determine that whipping is occurred (S313). Then, the extracting module 30 may set this peak intensity
PS as the intensity of whipping. Moreover, the extracting module 30 may set the frequency at the peak intensity PS as
the frequency of whipping. On the other hand, if the peak intensity PS is below the whipping detection threshold Thp
(PS<Thp) (S312: NO), the extracting module 30 may determine that whipping is not occurred.
[0057] The extracting module 30 may set the posture at the occurred timing of whipping as the load observation
posture. Moreover, the extracting module 30 may set the post-HPF acceleration azf at this occurred timing of whipping
as the load observation acceleration.
[0058] Here, as described above, the posture may be calculated with high precision based on the carrier phase.
Therefore, by such a configuration and processing, the extracting module 30 can perform the determination of the
occurrence of whipping certainly and accurately with the simple configuration. Moreover, the extracting module 30 can
detect the intensity of whipping and the frequency of whipping certainly and accurately with the simple configuration.
Therefore, the load index value and the load can be calculated accurately.
[0059] Note that the posture, the amount of change in the posture, and the rate of change in the posture when the
phenomenon leading to the load occurs can be calculated based on the angular velocity by using the angular velocity
sensor. Fig. 9 is a flowchart for calculating a change in the hull posture caused by slamming based on the angular velocity.
[0060] The extracting module 30 may detect the occurrence of slamming as described above, and acquire the angular
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velocities at the plurality of observation timings before and after slamming is occurred (S401). The extracting module
30 may carry out a low pass filtering of the angular velocity (S402). The angular velocity may include various kinds of
noises, and, normally, the frequency of noise may be higher than the frequency of the angular velocity resulting from
slamming. Therefore, the noise may be removed by carrying out the low pass filtering of the angular velocity.
[0061] The extracting module 30 may calculate the posture within a given period of time before and after slamming is
occurred based on the angular velocity (S403). Note that such a given period of time may be set suitably, and may differ
before and after slamming is occurred.
[0062] The extracting module 30 may calculate an amount of posture change based on a difference between the
postures before and after slamming is occurred (S404). Alternatively, the extracting module 30 may calculate a rate of
posture change based on an amount of time change of the postures before and after slamming is occurred (S404).
[0063] Note that, in the processing described above, the load may be calculated based on the acceleration or the
amount of change in the posture. However, by using a change direction of the acceleration and a change direction of
the posture, a direction of displacement at a specific part of the hull 100 which can serve as one element of the load can
be extracted. For example, a direction of displacement in the Z-axis direction at the specific position of the hull 100, such
as the bow 101, can be extracted. Thus, a hummering-in state of sea water, i.e., the specific part of the bow 101 fell or
the specific part of the bow 101 is pushed up by slamming, can be detected.
[0064] In the above configuration, the movement state measuring part 20 may be provided with the three antennas
201, 202, and 203 and the three receivers 204, 205, and 206. However, when the acceleration sensor is provided as
the inertia sensor, the movement state measuring part 20 may be provided with at least two antennas and two receivers.
[0065] Next, a hull load observation device according to a second embodiment of the present disclosure is described
with reference to the drawings. Fig. 10 is a block diagram of the hull load observation device according to the second
embodiment of the present disclosure. Fig. 11(A) is a plan view of a ship provided with the hull load observation device
according to the second embodiment of the present disclosure. Fig. 11(B) is a side view of the ship provided with the
hull load observation device according to the second embodiment of the present disclosure.
[0066] As illustrated in Figs. 10, 11(A), and 11(B), a hull load observation device 10A according to this embodiment
may differ from the hull load observation device 10 according to the first embodiment in that it includes movement state
measuring parts 20A, 20B, 20C, and 20D, and these parts are connected to a data processor 50A.
[0067] The movement state measuring parts 20A, 20B, 20C, and 20D may be disposed at different positions of the
hull 100. In other words, there may be multiple sets of the acceleration measuring part 21 and the posture measuring
part 22, and these sets of the acceleration measuring part 21 and the posture measuring part 22 may be disposed at
different positions of the hull 100.
[0068] The movement state measuring parts 20A, 20B, 20C, and 20D may have the same configuration. As illustrated
in Figs. 11(A) and 11(B), the movement state measuring parts 20A, 20B, 20C, and 20D may be installed in the hull 100.
The movement state measuring part 20A may be installed at the bow 101 of the hull 100. The movement state measuring
part 20B may be installed at an intermediate position of the hull 100 in the bow-stern direction (X-axis direction of the
hull coordinate system). The movement state measuring parts 20C and 20D may be installed on the top of the control
room 110 near a stern 102 of the hull 100. The movement state measuring parts 20C and 20D may respectively be
installed at one of a position near the starboard edge or the port side edge of the hull 100. The movement state measuring
parts 20C and 20D may be disposed so that a base line connecting the movement state measuring parts 20C and 20D
becomes parallel to the starboard-to-port-side direction (Y-axis direction of the hull coordinate system).
[0069] The data processor 50A may perform the observation of the load similar to the observation of the load described
in the first embodiment (the detections of slamming, the occurrence of whipping, etc.) for each installed position of the
movement state measuring parts 20A, 20B, 20C, and 20D. Therefore, the hull load observation device 10 can observe
the load at each of the plurality of positions of the hull 100. The plurality of loads at these positions can be synchronized
with high precision by the time of the positioning system which can be demodulated from the positioning signal. Therefore,
the load occurring at the same time at the plurality of positions of the hull 100 can be observed.
[0070] The arrangement of the movement state measuring parts 20A, 20B, 20C, and 20D is not limited to this arrange-
ment, but is desirable to be an arrangement so that all the movement state measuring parts 20A, 20B, 20C, and 20D
are not lined up on a straight line. Therefore, even if the number of antennas provided to each of the movement state
measuring parts 20A, 20B, 20C, and 20D is one, a plurality of base-line vectors can be set, and the base-line vectors
can be used for the observation of the load. In other words, as long as there is one antenna in each of the movement
state measuring parts 20A, 20B, 20C, and 20D, the plurality of base-line vectors can be set, and the base-line vectors
can be used for the observation of the load based on the carrier phase.
[0071] As one concrete example, in the configuration illustrated in Fig. 11(A), the movement state measuring part 20B
may be disposed at a position which is not located on any of the base line connecting the movement state measuring
part 20A and the movement state measuring part 20C, the base line connecting the movement state measuring part
20A and the movement state measuring part 20D, and the base line connecting the movement state measuring part
20C and the movement state measuring part 20D. Therefore, the number of base-line vectors which are not parallel to
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each other can be increases as much as possible within a limit of the number of movement state measuring parts.
Further, the movement state measuring parts 20A, 20B, 20C, and 20D may be desirable to be arranged in a wide range,
i.e., so that the length of base-line vector connecting the respective movement state measuring parts becomes longer.
Therefore, the calculation accuracy of the base-line vector may improve, and the calculation accuracy of the posture,
and, as a result, the calculation accuracy of the load may improve.
[0072] Moreover, since the synchronization using the time of the positioning system is possible, the data processor
50A can observe the following factors of the load. The factors of the load to be observed may include, for example, an
estimation of an arrival direction of a wave colliding, and an estimation of the propagation characteristic of whipping.
[0073] Fig. 12 is a flowchart for estimating the arrival direction of the wave which causes slamming.
[0074] The data processor 50A may acquire accelerations at a plurality of observation timings after slamming is
occurred, outputted from the movement state measuring parts 20A, 20B, 20C, and 20D (S501).
[0075] The data processor 50A may extract the load observation acceleration for every acceleration. The data processor
50A may synchronize the accelerations (the load observation accelerations) of the movement state measuring parts
20A, 20B, 20C, and 20D. The synchronization of the accelerations (the load observation accelerations) may be performed
at an observation timing acquired with the accelerations (the load observation accelerations). Since the time of the
positioning system is used as the observation timing, the synchronization of the observation timing may be performed
with high precision.
[0076] The data processor 50A may detect the maximum acceleration of the accelerations (the load observation
accelerations) of the movement state measuring parts 20A, 20B, 20C, and 20D at the same timing (S502).
[0077] The data processor 50A may estimate the position of the movement state measuring part which observed the
maximum acceleration in the hull 100 as the arrival direction of the wave which causes slamming (S503).
[0078] Then, as described above, since the acceleration at each observation timing is calculated with high precision
and the accelerations of the movement state measuring parts are synchronized at highly-precise observation timing,
the maximum acceleration calculated based on the accelerations of the movement state measuring parts may also be
detected with high precision. Therefore, by using this configuration and processing, the hull load observation device 10A
can certainly and accurately detect the arrival direction of the wave which causes slamming, and, as a result, it can
observe the load accurately, with the simple configuration.
[0079] Moreover, since the accelerations can be synchronized based on the highly-precise observation timing, the
arrival direction of the wave which causes slamming can be detected without a large-scale construction but with the
less-expensive configuration.
[0080] Fig. 13 is a flowchart for estimating the whipping propagation characteristic.
[0081] The data processor 50A may use the above-described method to detect whipping for each of the movement
state measuring parts 20A, 20B, and 20C and 20D (S601). Here, the data processor 50A may also detect whipping
detection data including an intensity (amplitude) and a frequency of whipping. The data processor 50A may set a detection
timing of the intensity (amplitude) and the frequency of whipping based on the observation timing, and have them included
in the whipping detection data.
[0082] The data processor 50A may synchronize the whipping detection data of the movement state measuring parts
20A, 20B, 20C, and 20D, and estimate the whipping propagation characteristic. That is, the data processor 50A may
estimate the whipping propagation characteristic based on amplitude characteristics or frequency characteristics of the
accelerations of the movement state measuring parts 20A, 20B, 20C, and 20D, or an amplitude characteristic or a
frequency characteristic of the amount of change in the posture (the rate of change). In detail, the data processor 50A
may estimate the propagation direction of whipping based on differences between the detection timings of the movement
state measuring parts 20A, 20B, 20C, and 20D and the frequency components detected as whipping, i.e., a time series.
Moreover, the data processor 50A may estimate, for example, a damping characteristic of whipping by propagation
based on the intensity of whipping detected by each of the movement state measuring parts 20A, 20B, 20C, and 20D.
Therefore, the data processor 50A can estimate the intensity of whipping at a desired position of the hull 100. Therefore,
the hull load observation device 10A can estimate and observe the load at an arbitrary position of the hull 100 by using
the whipping propagation characteristic.
[0083] Moreover, since the accelerations can be synchronized based on the highly-precise observation timing, the
large-scale construction is not needed, and the whipping propagation characteristic can be estimated with the less-
expensive configuration.
[0084] The above-described hull load observation devices 10 and 10A may be applicable to the following navigation
support system. Fig. 14 is a block diagram of the navigation support system to which the hull load observation device
according to the embodiment of the present disclosure is applied.
[0085] As illustrated in Fig. 14, a navigation support system 80 may include the hull load observation device 10A, a
support part 70, a ship speed acquiring part 61, a steering angle acquiring part 62, and an oceanic condition acquiring
part 63. The hull load observation device 10A, the ship speed acquiring part 61, the steering angle acquiring part 62,
and the oceanic condition acquiring part 63 may be connected to the support part 70.
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[0086] The ship speed acquiring part 61 may acquire a ship speed by calculating a speed based on the acceleration
of any of the movement state measuring parts 20A, 20B, 20C, and 20D. Alternatively, a Doppler sonar attached to the
hull 100 may be connected to the ship speed acquiring part 61, and the ship speed may be acquired based on an output
value of the Doppler sonar by a known method.
[0087] The steering angle acquiring part 62 may be connected to a steering angle sensor attached to the hull 100,
and may acquire a steering angle based on an output value of the steering angle sensor by a known method.
[0088] The oceanic condition acquiring part 63 may be connected to a wave radar attached to the hull 100, and may
acquire an oceanic condition based on an output value of the wave radar by a known method. Moreover, the oceanic
condition acquiring part 63 may have a wireless communication function, and acquire the oceanic condition from an
exterior apparatus.
[0089] The support part 70 may generate navigation support information for avoiding a generation of the load based
on the information on the load obtained from the hull load observation device 10A, the ship speed obtained from the
ship speed acquiring part 61, the steering angle obtained from the steering angle acquiring part 62, and the oceanic
condition obtained from the oceanic condition acquiring part 63. In detail, the navigation support information may be
information including a ship speed control and a steering angle control for avoiding slamming which may cause the load.
[0090] The navigation support which reduces the load can be performed by using such a configuration and processing.
[0091] Note that, although in Fig. 14 the hull load observation device 10A is used, the hull load observation device 10
may also be used.
[0092] Moreover, although the hull load observation device described above mainly detects slamming or whipping as
the phenomenon leading to the load, it is also possible to detect sagging and hogging of the hull by using the configuration
of the hull load observation device 10A.

DESCRIPTION OF REFERENCE CHARACTERS

[0093]

10, 10A: Hull Load Observation Device
20, 20A, 20B, 20C, 20D: Movement State Measuring Part
21: Acceleration Measuring Part
22: Posture Measuring Part
30: Extracting Module
40: Load Calculating Module
50, 50A: Data Processor
61: Ship Speed Acquiring Part
62: Steering Angle Acquiring Part
63: Oceanic Condition Acquiring Part
70: Support Part
80: Navigation Support System
100: Hull
101: Bow
102: Stern
110: Control Room
201, 202, 203: Antenna
204, 205, 206: Receiver
207: Inertia Sensor
208: Processor

Claims

1. A hull load observation device, comprising:

an acceleration measuring part configured to measure an acceleration of a hull;
a posture measuring part configured to measure a posture of the hull;
an extracting module configured to extract a load observation acceleration caused by a phenomenon leading
to the load on the hull from the acceleration, and extract a load observation posture caused by the phenomenon
from the posture; and
a load calculating module configured to calculate the load based on the load observation acceleration and the
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load observation posture.

2. The hull load observation device of claim 1, wherein the load calculating module calculates the load at a specific
position of the hull based on the load observation acceleration and the load observation posture.

3. The hull load observation device of claim 1 or 2, wherein the load calculating module calculates a load index value
based on the load observation acceleration and the load observation posture, and calculates the load based on an
integrated value of the load index values.

4. The hull load observation device of claim 3, wherein the extracting module extracts the load observation acceleration
and the load observation posture at two or more timings including any one of at a timing where the phenomenon is
occurred, before the timing, and after the timing, and
wherein the load calculating module calculates the load index value based on at least one of an amount of change
or a rate of change in the load observation acceleration, and an amount of change or a rate of change in the load
observation posture, at the two or more timings.

5. The hull load observation device of claim 3 or 4, wherein when the load index value exceeds a threshold, the load
calculating module adds the load index value to the integrated value.

6. The hull load observation device of any one of claims 3 to 5, wherein the load calculating module calculates a posture
of the hull, and a direction and an intensity of acceleration applied to the hull in the posture based on the load
observation posture and the load observation acceleration, and calculates the load index value based on the posture
of the hull, and the direction and the intensity of the acceleration applied to the hull in the posture.

7. The hull load observation device of any one of claims 1 to 6, wherein the acceleration measuring part and the posture
measuring part are comprised of a movement state measuring part, and the movement state measuring part including:

an antenna installed in the hull and configured to receive a positioning signal;
a posture measuring part configured to calculate at least the posture based on a carrier phase of the positioning
signal received by the antenna; and
an inertia sensor installed in the hull and configured to measure at least the acceleration.

8. The hull load observation device of any one of claims 1 to 6, wherein the acceleration measuring part and the posture
measuring part are disposed at each of a plurality of positions of the hull, and
wherein the load calculating module calculates the load at each of the plurality of positions of the hull.

9. The hull load observation device of claim 8, wherein the load calculating module synchronizes measurement timings
of the plurality of acceleration measuring parts or the plurality of posture measuring parts, and calculates the load.

10. The hull load observation device of claim 9, wherein a plurality of movement state measuring parts are disposed at
the hull by constituting the acceleration measuring part and the posture measuring part that are disposed at the
same position by the movement state measuring part, and each of the plurality of movement state measuring parts
including:

an antenna installed in the hull and configured to receive a positioning signal;
a posture measuring part configured to calculate at least the posture based on a carrier phase of the positioning
signal received by the antenna; and
an inertia sensor installed in the hull and configured to measure at least the acceleration, and
wherein the plurality of movement state measuring parts perform the synchronization using the positioning signal.

11. The hull load observation device of any one of claims 1 to 10, wherein the phenomenon is slamming or whipping
of the hull.

12. A hull load observation device, comprising:

an acceleration measuring part configured to measure an acceleration of a hull;
a posture measuring part configured to measure a posture of the hull; and
a detector configured to detect a timing at which an amount of change or a rate of change in the acceleration
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exceeds a threshold for the acceleration, or a timing at which an amount of change or a rate of change in the
posture exceeds a threshold for the posture, as an occurred timing of a phenomenon leading to a load on the hull.

13. The hull load observation device of claim 12, comprising:

an extracting module configured to extract a load observation acceleration caused by the phenomenon detected
by the detector from the acceleration, and extract a load observation posture caused by the phenomenon from
the posture; and
a load calculating module configured to calculate the load based on the load observation acceleration and the
load observation posture.

14. The hull load observation device of claim 13, wherein the load calculating module calculates the load at a specific
position of the hull based on the load observation acceleration and the load observation posture.

15. The hull load observation device of claim 13 or 14, wherein the load calculating module calculates a load index
value based on the load observation acceleration and the load observation posture, and calculates the load based
on an integrated value of the load index values.

16. The hull load observation device of claim 15, wherein the extracting module extracts the load observation acceleration
and the load observation posture at two or more timings including any of at the occurred timing, before the occurred
timing, and after the occurred timing, and
wherein the load calculating module calculates the load index value based on at least one of an amount of change
or a rate of change in the load observation acceleration, and an amount of change or a rate of change in the load
observation posture, at the two or more timings.

17. The hull load observation device of claim 15 or 16, wherein when the load index value exceeds a threshold, the
load calculating module adds the load index value to the integrated value.

18. The hull load observation device of any one of claims 15 to 17, wherein the load calculating module calculates a
posture of the hull, and a direction and an intensity of acceleration applied to the hull in the posture based on the
load observation posture and the load observation acceleration, and calculates the load index value based on the
posture of the hull, and the direction and the intensity of the acceleration applied to the hull in the posture.

19. The hull load observation device of any one of claims 13 to 18, wherein the acceleration measuring part and the
posture measuring part are comprised of a movement state measuring part, and the movement state measuring
part including:

an antenna installed in the hull and configured to receive a positioning signal;
a posture measuring part configured to calculate at least the posture based on a carrier phase of the positioning
signal received by the antenna; and
an inertia sensor installed in the hull and configured to measure at least the acceleration.

20. The hull load observation device of any one of claims 13 to 18, wherein the acceleration measuring part and the
posture measuring part are disposed at each of a plurality of positions of the hull, and
wherein the load calculating module calculates the load at each of the plurality of positions of the hull.

21. The hull load observation device of claim 20, wherein the load calculating module synchronizes measurement timings
of the plurality of acceleration measuring parts or the plurality of posture measuring parts, and calculates the load.

22. The hull load observation device of claim 21, wherein a plurality of movement state measuring parts are disposed
at the hull by constituting the acceleration measuring part and the posture measuring part that are disposed at the
same position by the movement state measuring part, and each of the plurality of movement state measuring parts
including:

an antenna installed in the hull and configured to receive a positioning signal;
a posture measuring part configured to calculate at least the posture based on a carrier phase of the positioning
signal received by the antenna; and
an inertia sensor installed in the hull and configured to measure at least the acceleration, and
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wherein the plurality of movement state measuring parts perform the synchronization using the positioning signal.

23. The hull load observation device of any one of claims 12 to 22, wherein the phenomenon is slamming or whipping
of the hull.

24. A method of observing a load on a hull, comprising the steps of:

measuring an acceleration of the hull;
measuring a posture of the hull;
extracting a load observation acceleration caused by a phenomenon leading to the load on the hull from the
acceleration;
extracting a load observation posture caused by the phenomenon from the posture; and
calculating the load based on the load observation acceleration and the load observation posture.

25. A method of observing a load on a hull, comprising the steps of:

measuring an acceleration of the hull;
measuring a posture of the hull; and
detecting a timing at which an amount of change or a rate of change in the acceleration exceeds a threshold
for the acceleration, or a timing at which an amount of change or a rate of change in the posture exceeds a
threshold for the posture, as an occurred timing of a phenomenon leading to the load on the hull.

26. A hull load observation program causing a processor to execute a processing comprising:

measuring an acceleration of a hull;
measuring a posture of the hull;
extracting a load observation acceleration caused by a phenomenon leading to a load on the hull from the
acceleration;
extracting a load observation posture caused by the phenomenon from the posture; and
calculating the load based on the load observation acceleration and the load observation posture.

27. A hull load observation program causing a processor to execute a processing comprising:

measuring an acceleration of a hull;
measuring a posture of the hull; and
detecting a timing at which an amount of change or a rate of change in the acceleration exceeds a threshold
for the acceleration, or a timing at which an amount of change or a rate of change in the posture exceeds a
threshold for the posture, as an occurred timing of a phenomenon leading to the load on the hull.
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