10

15

20

25

DESCRIPTION

SAFE RETURN PROGRAM FOR HYBRID BOAT, AND CONTROL APPARATUS

WITH SAME INSTALLED

Technical Field

[0001] The present disclosure relates to a safe return
program and a control apparatus with the program installed.
More particularly, the present disclosure relates to a safe
return program for a hybrid boat and a control apparatus with
the program installed, wherein the program computes in real
time a distance to empty of a hybrid boat powered by a battery
and a hydrogen fuel cell together and displays the distance to
empty on an electronic map so that the navigator navigating the

boat is able to return safely.

Background Art

[0002] Worldwide environmental regulations have been
strengthened to reduce emission of greenhouse gases and air
pollutants, and various measures have been enacted accordingly.
In addition, there is a growing need for effective and
reasonable energy-saving methods along with minimization of
environmental pollution.

[0003] As the regulations on emission of greenhouse gases

entered into force in the United Nations Framework Convention
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on Climate Change, the International Maritime Organization
legislated regulations on factors 1in marine environment
destruction caused by boats. Accordingly, the regulations will
be strengthened aiming for a 30 % reduction of the greenhouse
gas emission by 2025 compared to the current situation. In
addition, in the International Convention for the Prevention
of Pollution from Ships, Annex VI strengthens regulations on
emission of nitrogen oxides and sulfur oxides, so the need for
effective and reasonable energy-saving methods has gradually
increased.

[0004] Boats have Dbeen developed focusing on a diesel
electric propulsion system, but recently, there has been an
effort to develop an eco-friendly hybrid boat using a battery
or a hydrogen fuel cell as a power source.

[0005] In the meantime, a hybrid boat operates using a
battery charged on the land and a hydrogen fuel cell together,
but when the battery goes dead or the hydrogen runs out during
the operation, the hybrid boat cannot return. Therefore, it
is particularly important to check the remaining charge of the
battery and the remaining hydrogen in real time.

[0006] Although the remaining charge of the battery and
the remaining hydrogen are determined, it 1is difficult to

accurately compute a distance to empty in real time.

Disclosure
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Technical Problem

[0007] Accordingly, the present disclosure has been made
keeping in mind the above problems occurring in the related
art, and the present disclosure is directed to providing a safe
return program that 1is capable of accurately computing a
distance to empty of a hybrid boat in operation, wherein the
hybrid boat uses a battery and a hydrogen fuel cell as a power
source.

[0008] In addition, the present disclosure is directed to
providing a safe return program that is capable of displaying
a safe return distance so that the operator can intuitively

recognize the safe return distance.

Technical Solution

[0009] In order to achieve the above-described objectives,
the present disclosure provides a safe return program stored
in a computer-readable recording medium and allowing a computer
to function as the following means: an information input means
configured to receive information on a remaining battery life
from a battery of a boat, information on a remaining hydrogen
from a hydrogen fuel cell of the boat, and information on a
current speed from a speedometer of the boat; a distance-to-
empty computation means configured to compute in real time a
distance to empty that the boat is capable of returning in a

current condition, from the information on the remaining
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battery life, the information on the remaining hydrogen, and
the information on the current speed; and a distance-to-empty
display means configured to display, on an electronic map
output on a display of the boat, a current position of the boat
and a circle of which a radius is the distance to empty, with
the current position of the boat in a center of the circle.
[0010] In an exemplary embodiment, the safe return program
may further allow the computer to function as the following
means: a reference torque value storage means configured to
store therein reference torque values according to a speed
change of the boat; and a distance-to-empty correction means
configured to receive the current speed and a current torque
of the boat, and decrease the distance to empty when the current
torque is higher than the reference torgque value corresponding
to the current speed or increase the distance to empty when the
current torque 1is lower that the reference torque value
corresponding to the current speed.

[0011] In an exemplary embodiment, the safe return program
may further allow the computer to function as a weather
information receiving means configured to receive weather
information including a wave height, a wind direction, and a
wind speed over a communication network, wherein the distance-
to-empty correction means may be configured to decrease the
distance to empty when the wave height received currently is

higher than a reference wave height or increase the distance
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to empty when the wave height received currently is equal to
or lower than the reference wave height; to increase the
distance to empty when the wind direction received currently
is toward a return position or decrease the distance to empty
when the wind direction received currently 1s toward a
direction opposite to the return position; and to adjust a
degree of increase or decrease according to the wind speed
received currently when increasing or decreasing the distance
to empty according to the wind direction received currently.

[0012] In addition, the ©present disclosure further
provides a control apparatus having the safe return program
installed thereon, wherein the control apparatus is installed
in the boat and displays the distance to empty of the boat on

the electronic map output on the display of the boat.

Advantageous Effects

[0013] The present disclosure has the following effects.
[0014] First, according to the safe return program of the
present disclosure, a distance to empty of the boat is computed
using the remaining battery life, the remaining hydrogen, and
the current speed, and the distance to empty is displayed in a
circle on the electronic map so that the operator can recognize
the distance to empty intuitively and can return safely.
[0015] In addition, according to the safe return program

of the present disclosure, the distance to empty is corrected
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according to the current torque value of the boat, so that the
distance to empty is computed by accurately determining the
speed as well as the actual power consumption.

[0016] In addition, according to the safe return program
of the present disclosure, weather information, such as a wave
height, a wind direction, and a wind speed, is used to correct

the distance to empty more accurately.

Description of Drawings

[0017] FIG. 1 is a diagram illustrating display of a
distance to empty on a display by a safe return program
according to an embodiment of the present disclosure.

[0018] FIG. 2 is a diagram illustrating a control apparatus
on which a safe return program is installed, according to an
embodiment of the present disclosure.

[0019] FIG. 3 1is a diagram illustrating functions of a
safe return program according to an embodiment of the present
disclosure.

[0020] FIG. 4 is a diagram illustrating correction of a
distance to empty depending on a current speed and a torque by
a safe return program according to an embodiment of the present
disclosure.

[0021] FIG. 5 is a diagram illustrating correction of a
distance to empty depending on a wind direction by a safe return

program according to an embodiment of the present disclosure.
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Best Mode

[0022] As the terms used in the present disclosure, general
terms that are widely used at present are selected, but terms
that are arbitrarily selected by the applicant are used in
particular cases. In this case, these terms should be
interpreted as not the titles of the terms but the meaning
described in the detailed description for implementing the
disclosure or the meaning of the terms.

[0023] Hereinafter, a technical configuration of the
present disclosure will be described in detail with reference
to preferred embodiments illustrated in the accompanying
drawings.

[0024] However, the present disclosure is not limited to
the embodiment described herein and may be embodied in various
forms. Throughout the whole specification, the same reference
numerals designate the same elements.

[0025]

[0026] FIG. 1 is a diagram illustrating display of a
distance to empty on a display by a safe return program
according to an embodiment of the present disclosure.

[0027] Referring to FIG. 1, the safe return program
according to the embodiment of the present disclosure is a
program for displaying a distance to empty on a display 10

provided in a boat so that the operator of the boat is able to
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recognize the distance to empty intuitively.

[0028] That is, the safe return program performs a function
of assisting the boat in returning safely without drifting due
to battery dead or running out of a hydrogen fuel during
operation.

[0029] In addition, the distance to empty is displayed on
an electronic map 11 output from the display 10, and is
indicated by a circle ¢ of which the radius denotes the distance
to empty, with the current position of a boat 20 in the center
of the circle.

[0030] That is, it is recognized at a glance whether the
boat 20 navigating on the sea 11b is able of returning safely
to a return position P on the land 1lla.

[0031] In addition, the safe return program of the present
disclosure is installed on the control apparatus, such as a
computer, an embedded system, or a smart device, and performs
the functions of the safe return program. The safe return
program may be provided separately, or may be installed on the
control apparatus and provided with the control apparatus.
[0032] In addition, when the safe return program 1is
provided separately, the safe return program provided being
stored in a recording medium. The recording medium may be
specially designed and configured for the present disclosure,
or may be known to those skilled in the field of computer

software and usable by them.
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[0033] For example, the recording medium may be a hardware
device that i1is specially configured to store and perform
program commands by a single one or a combination of the
following: magnetic recording media, such as hard disks, floppy
disks and magnetic tapes, optical recording media, such as CDs
and DVDs, magneto-optical recording media for both magnetic and
optical recording, ROM, RAM, flash memory, etc.

[0034] In addition, the safe return program may be a
program composed of program commands, local data files, or
local data structures, or a combination thereof.
Alternatively, the safe return program may be a program written
in a mechanical language code formatted by a compiler as well
as in a high level language code that may be implemented by a
computer using an interpreter.

[0035] In addition, the safe return program may be stored
in a server system capable of transmitting data over a
communication network, and the control apparatus may access the
server system and download and install the safe return program.
[0036]

[0037] FIG. 2 is a diagram illustrating a control apparatus
on which a safe return program is installed, according to an
embodiment of the present disclosure.

[0038] Referring to FIG. 2, the safe return program 100 is
installed on the control apparatus 200. The control apparatus

200 is connected to a battery 30, a hydrogen fuel cell 40, a
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speedometer 50, a motor 60, a weather center server 70, and a
smart device 80 of a navigator. By receiving information from
the battery 30, the hydrogen fuel cell 40, the speedometer 50,
the motor 60, the weather center server 70, and the smart device
80, the control apparatus 200 computes a distance to empty and
displays the distance to empty on the display 10 of the boat.
[0039] In addition, referring to FIG. 3, the safe return
program 100 makes the control apparatus 200 function as an
information input means 110, a distance-to-empty computation
means 120, a distance-to-empty display means 130, a reference
torque value storage means 140, a distance-to-empty correction
means 150, and a weather information receiving means 160 to
compute a distance to empty, and displays the distance to empty
on the display 10.

[0040] The information input means 110 receives remaining
battery 1life information from the battery 30, remaining
hydrogen information from the hydrogen fuel cell 40, and
current speed information from the speedometer 50.

[0041] From the remaining battery life information, the
remaining hydrogen information, and the current speed
information, the distance-to-empty computation means 120
computes in real time a distance to empty that the boat 20 is
capable of returning in a current condition.

[0042] In addition, the distance to empty may be computed

in various ways. A total power remaining now is computed using

10
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the remaining battery 1life information and the remaining
hydrogen information, the time period for which the boat is
operable is determined by computing the power consumed per hour
at the current speed, and the speed multiplied by the time
period is the distance to empty.

[0043] The distance-to-empty display means 130 displays
the circle ¢ of which the radius r is the distance to empty,
with the position of the boat 20 in the center of the circle
on the electronic map 11 output on the display 10, so that the
operator of the boat recognizes the distance to empty at a
glance.

[0044] That is, the operator recognizes that the boat is
able to return safely when the return position P is inside the
circle c¢. When the return position P is outside the circle c,
the boat is unable to return safely, so the operator asks for
help from outside or increases the distance to empty by reducing
power consumption in order to return safely.

[0045] In the meantime, even when the boat is in operation
at the same speed on the sea, torque values vary according to
a change in an environment such as a wave height, a wind
direction, or a wind speed. Therefore, the distance to empty
needs to be corrected by applying the change in the torque
value.

[0046] The reference torque value storage means 140 stores

reference torque values therein that are average torque values

11
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according to a speed change as shown in FIG. 4.

[0047] The distance-to-empty correction means 150 receives
a current speed and a current torque from the speedometer 60
and the motor 60, respectively. When the current torque tl is
higher than the reference torque value corresponding to the
current speed sl, the distance-to-empty correction means 150
decreases the distance to empty. When the current torque t2
is lower than the reference torque value corresponding to the
current speed s2, the distance-to-empty correction means 150
increases the distance to empty.

[0048] That is, when the wave is high or the wind blows in
the direction opposite to the return position P and the torque
value increases at the same speed, power consumption increases
and thus the distance to empty is decreased. When the wave is
low or the wind blows in the direction of the return position
P and the torque value decreases at the same speed, the power
consumption decreases and thus the distance to empty is
increased.

[0049] In the meantime, the current torque value of the
boat is affected by weather conditions as well as various states
of the Dboat. Therefore, 1in the present disclosure, the
distance to empty is corrected using weather information
additionally to compute a distance to empty precisely.

[0050] The weather information receiving means 160 1is

connected to the weather center server 70 or the smart device

12
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80 of the operator over the communication network. The weather
information receiving means 160 receives weather information
directly from the weather center server 70 or receives weather
information indirectly through the smart device 80.

[0051] In addition, the weather information includes a
wave height, a wind direction, and a wind speed.

[0052] In addition, the distance-to-empty correction means
150 decreases the distance to empty when the current wave height
is higher than a reference wave height. The distance-to-empty
correction means 150 increases the distance to empty when the
current wave height is equal to or lower than the reference
wave height.

[0053]

[0054] In addition, referring to FIG. 5, when the current
wind direction wl is toward the return position P, the distance-
to-empty correction means 150 increases the distance to empty
to change the size from the previously displayed circle r to
the diameter-increased circle rl. When the current wind
direction w2 is toward the direction opposite to the return
position P, the distance-to-empty correction means 150
decreases the distance to empty to change the size from the
previously displayed circle r to the diameter-decreased circle
r2.

[0055] In addition, the distance-to-empty correction means

150 may adjust the degree to which the circle r increases or

13
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decreases, according to the current wind speed.

[0056] Accordingly, the operator is able to intuitively
recognize the distance to empty varying according to weather
conditions, and to return safely.

[0057]

[0058] As described above, while the present disclosure
has been illustrated and described in conjunction with the
preferred embodiment, the present disclosure is not limited to
the aforementioned embodiment. The embodiment can be changed
and modified in wvarious forms by those skilled in the art

without departing from the spirit of the disclosure.
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CLAIMS

1. A safe return program stored in a computer-readable
recording medium and allowing a computer to function as the
following means:

an information input means configured to receive
information on a remaining battery life from a battery of a
boat, information on a remaining hydrogen from a hydrogen fuel
cell of the boat, and information on a current speed from a
speedometer of the boat;

a distance-to-empty computation means configured to
compute in real time a distance to empty that the boat is
capable of returning in a current condition, from the
information on the remaining battery life, the information on
the remaining hydrogen, and the information on the current
speed; and

a distance-to-empty display means configured to display,
on an electronic map output on a display of the boat, a current
position of the boat and a circle of which a radius is the
distance to empty, with the current position of the boat in a

center of the circle.

2. The safe return program of claim 1, wherein the safe

return program further allows the computer to function as the

following means:

15
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a reference torque value storage means configured to store
therein reference torque values according to a speed change of
the boat; and

a distance-to-empty correction means configured to
receive the current speed and a current torque of the boat, and
decrease the distance to empty when the current torque is higher
than the reference torque value corresponding to the current
speed or increase the distance to empty when the current torque
is lower that the reference torque value corresponding to the

current speed.

3. The safe return program of claim 2, wherein the safe
return program further allows the computer to function as a
weather information receiving means configured to receive
weather information including a wave height, a wind direction,
and a wind speed over a communication network,

wherein the distance-to-empty <correction means 1is
configured to decrease the distance to empty when the wave
height received currently is higher than a reference wave
height or increase the distance to empty when the wave height
received currently is equal to or lower than the reference wave
height; to increase the distance to empty when the wind
direction received currently is toward a return position or
decrease the distance to empty when the wind direction received

currently 1is toward a direction opposite to the return

16
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position; and to adjust a degree of increase or decrease
according to the wind speed received currently when increasing
or decreasing the distance to empty according to the wind

direction received currently.

4. A control apparatus having the safe return program of
any one of claims 1 to 3 installed thereon, wherein the control
apparatus is installed in the boat and displays the distance
to empty of the boat on the electronic map output on the display

of the boat.
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