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ABSTRACT

The present invention discloses a marine magnetism detection device and a detection method. The
device comprises a surveying ship, an onboard laboratory magnetism measurement portion arranged on the
surveying ship, an aerostat shell and an aerostat magnetism measurement portion arranged inside the
aerostat shell, wherein the aerostat shell is connected ta the surveying ship via a rope, and the aerostat shell
floats in air; the aerostat magnetism measurement portion comprises a magnetic sensor, an electronic
magnetism data acquisition unit and an aerostat transmission unit; and, the onboard laboratory magnetism
measurement portion comprises a data recording computer and a laboratory transmission unit. The marine
magnetism detection device and methaod of the present invention will not be limited by the working sea area

and can also operate with other onboard devices and dragging devices.
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MARINE MAGNETISM DETECTION METHOD AND DEVICE

TECHNICAL FIELD

The present invention relates to the technical field of geophysical exploration and in particular o a

method and device special for measuring a geomagnetic field.

BACKGROUND

Magnetic fields around the earth are called geomagnetic fields. The measurement of marine
geomagnetic fields is generally a process of geomagnetic measurement by sailing a ship carried with 2
maghetometer an the sea. At present, the majority of measurements of marine magnetic fields are performed
by dragging only. A magnetic probe is dragged in the seawater after a surveying ship, and the cable for

dragging has a length which is three times greater than the length of the ship. This operating mode will be

limited in some sea areas, for example, an inshore cultivation area, a polar area with floating ice, etc., in which

case the magnetic probe will be damaged or even get lost.

SUMMARY

An objective of the present invention is to provide a marine magnetism detection device and method
which will not be limited by the working sea -area and can also operate with other anboard devices and
dragging devices, in order to overcome the deficiencies in the prior art.

For this purpaose, the present invention provides the following solutions. A marine magnetism detection
device is provided, including a surveying ship, an onboard laboratory magnetism measurement portion
arranged on the surveying ship, an aerostat shell and an aerastat magnetism measurement portion arranged

inside the aerastat shell, wherein the aerostat shell is connected to the surveying ship via a rope, and the

aerostat shell floats in air; the aerostat magnetism measurement portion includes a magnetic sensor, an

electronic magnetism data acquisition unit and an aerostat transmission unit; the onboard laboratory

magnetism measurement portion includes a data recarding cemputer and a laboratory transmission unit; the

magnetic sensor acquires marine magnetism and transmits a marine magnetism signal to the electronic
magnetism data acquisition unit; the electronic magnetism data acquisition unit converts the marine

magnetism signal into a digital signal and then transmits the digital signal to the aerostat transmission unit:
the aerostat transmission unit transmits the digital signal to the laboratory transmission unit over a wirel;ess or
wired network and transmits a command, which is transmitted by the laboratory transmission unit and
issued by the data recording computer, to the electronic magnetism data acquisition unit; and, the laboratory
transmission unit transmits the digital signal to the data recording computer and transmits a command issued

by the data recording computer to the aerostat transmission unit over a wired or wireless network.
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In the marine magnetism detection device of the present invention, the magnetic sensor is a total-field

magnetic sensor.

In the marine magnetism detection device of the present invention, the magnetic sensor is a vector-type
magnetic sensor; the aerostat magnetism measurement portion further comprises a heading and attitude
reference system; and, the heading and attitude reference system is configured to measure the headiné, roll
angle and pitch angle parameters of the aerostat shell and transmit the measured parameters to the electronic
magnetism data acquisition unit.

In the marine magnetism detection device of the present invention, the rope is made of aramid fiber
material.

In the marine magnetism detection device of the present invention, the data transmission between the
laboratory transmission unit and the aerostat transmission unit is realized by a cable or an optical fiber, and
the cable or optical fiber is enveloped inside the rope. |

In the marine magnetism detection device of the present invention, the data transmission between the
laboratory transmission unit and the aerostat transmission unit is realized via WIF!.

In the marine magnetism detection device of the present invention, a power supply module is provided
within the aerostat shell, and the power supply module provides power to the aerostat magnetism
measurement portion.

In the marine magnetism detection device of the present invention, the aerostat magnetism
measurement portion further includes peripheral sensors; the peripheral sensors include cameras and/or
altitude meters and/or temperature sensors and/or inclination sensars; and, the peripheral sensors are each
connected to the electronic magnetism data acquisition unit.

In the marine magnetism detection device of the present invention, the aerostat magnetism
measurement portion further includes an aerostat GPS connected to the electronic magnetism data
acquisition unit.

In the marine magnetism detection device of the present invention, an onboard GPS is connected to the
surveying ship.

The present invention provides a marine magnetism detection method, including the following steps of:

(1) connecting all portions of the marine magnetism detection device to ensure the portions to operate
normally;

(2) allowing the surveying ship to travel at a low speed, and releasing the aerostat shell so that the
aerostat shell floats in air:

(3} testing the marine magnetism detection device to ensure all portions to operate normally; and

(4) allowing the 'surveying ship to travel at a normal speed; acquiring, by the magnetic sensor and in the

travelling process, marine magnetism and transmitting a marine magnetism signal to the electronic
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magnetism data acquisition unit; converting, by the electronic magnetism data acquisition unit, the marine
magnetism signal into a digital signal and transmitting the digital signal to the aerostat transmission unit:
transmitting, by the aerostat transmission unit, the digital signal to the laboratory transmission unit over a
wireless or wired network, and transmitting a command, which is transmitted by the laboratory transmission
unit and issuéd by the data recording computer, to the electronic magnetism data acquisition unit;
transmitting, by the laboratory transmission unit, the digital signal to the data recording computeﬁ and
transmitting a command issued by the data recording computer to the aerostat transmission unit over a wired
or wireless network; and, receiving, by the data recording computer, the data transmitted from the electronic
magnetism data acquisition unit, and recording, processing and monitoring the data to obtain marine
magnetism data.

In the marine magnetism detection method of the present invention, the distance from the surveying
ship to the aerostat shell is not less than the length of the ship body of the surveying ship.

In the marine magnetism detection method, the eléctroni'c magnetism data acquisiti’on' unit
synchronously acquires magnetism data and attitude data acquired by the heading and attitude reference
system; and the electronic magnetism data acquisition unit synchronously transmits the magnetism data and
the attitude data to the aerostat transmission unit.

Compared with the prior art, the present invention has the following technical effects: since the marine
magnetism detection device of the present invention includes a surveying ship, an onboard laboratory
magnetism measurement portion arranged on the surveying ship, an aerostat shell and an aerostat
magnetism measurement portion arranged inside the aerostat shell, with the aerostat shell being conn.ected
to the surveying ship via a rope and the aerostat shell floating in air, the device of the present invention
employs a floating drag operation, so that the device will not be hindered and limited by barriers on the sea

surface and will be thus applicable to operations in areas having barriers on the sear surface, such as a polar

area with floating ice, an inshore cultivation area, etc.: moreover, since the aerostat shell floats in air, the

floating-type marine magnetism detection device of the present invention can also operate with other

onboard devices such as a marine gravitometer or a multi-beam depth finder, and can also operate with other

dragging devices such as a single-cable two-dimensional earthquake measurement system or a multi-cable

three-dimensional earthquake measurement system.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is an overall structure diagram of a marine magnetism detection device according to the present

invention:

Fig. 2 is a modular diagram of Embodiment 1 of the marine magnetism detection device according to the

present invention;
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Fig. 3 is a modular diagram of Embodiment 2 of the marine magnetism detection device according to the

present invention:;
Fig. 4 is a modular diagram of Embodiment 3 of the marine magnetism detection device according to the
present invention; and

Fig. 5 is a modular diagram of Embodiment 4 of the marine magnetism detection device according to the

present invention.

DETAILED DESCRIPTION

As shown in Fig. 1, in Embodiment 1, the present invention provides a marine magnetism detection
device, including a surveying ship 11, an onboard laboratory magnetism measurement portion arranged on
the surveying ship 11, an aerostat shell 12 and an aerostat magnetism measurement portion arranged inside
the aerostat shell 12. The aerostat shell 12 is connected to the surveying ship 11 via a rope 13 made of aramid
fiber material, and the aerostat shell 12 floats in air above the sea surface 14. As shown in Fig. 2, the aerostat
magnetism measurement portion includes a magnetic sensor, an electronic magnetism data acquisition unit,
an aerostat transmission unit and a power supply module. The power supply module provides power to the
derostat magnetism measurement portion. The magnetic sensor is a single total-field magnetic sensor. The
onboard laboratory magnetism measurement portion includes a data recording computer and a laboratory
transmission unit. The magnetic sensor acquires marine magnetism and transmits a marine magnetism signal
ta the electronic magnetism data acquisition unit. The electronic magnetism data acquisition unit converts the
marine magnetism signal into a digital signal and then transmits the digital signal to the aerostat transmission
unit. The aerostat transmission unit transmits the digital signal to the laboratory transmission unit over a
wireless or wired network and transmits a command, which is transmitted by the laboratory transmissioh unit
and issued by the data recording computer, to the electronic magnetism data acquisition unit. The |a baoratory
transmission unit transmits the digital signal to the data recording computer and transmits a command issued
by the data recording computer to the aerostat transmission unit over a wired or wireless WiFi network.

The present invention provides a marine magnetism detection method, including the following steps of:

(1) connecting the aerostat magnetism measurement portion, and using a battery, as the power supply
module, to provide power to the aerostat magnetism measurement portion:

(2} connecting the onboard laboratory magnetism measurement portion, and placing an antenna portion

of the laboratory transmission unit at an open position on the top of the surveying ship 11;

(3} online testing the aerostat magnetism measurement portion and the onboard laboratory magnetism
measurement portion to ensure that the overall operation is normal, that a wireless data link between the
aerostat magnetism measurement portion and the onboard laboratory magnetism measurement portion is

normal, that the command setting and feedback is normal, and that the activation and acquisition of the
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magnetometer is normal:

(4) allowing the surveying ship 11 to travel at a low speed, releasing the aerostat shell 12, and firmly
connecting the aerastat shell 12 to the surveying ship 11 via a KEVLAR rope, wherein, the KEVLAR rope
between the aerostat shell 12 and the surveying ship 11 should be long encugh to at least ensure that the
distance from the aerostat magnetism measurement portion to the surveying ship 11 is not less than three
times of the length of the ship body of the sUrveying ship 11 in order to avoid the interference from the
magnetic field of the ship body;

(6} online testing again, specifically including but not limited to: ensuring the wireless data link between
the aerostat magnetism measurement portion and the onboard laboratory magnetism measurement portion
to be normal, ensuring the command setting and feedback to be normal, ensuring the activation and
acquisition of the magnetometer to be normal, and carefully observing the jitter of the acquired magnetism
data, wherein the jitter should not exceed 0.5 nT:

(7} accelerating the surveying ship 11 to‘a normal speed (e.g., a speed of 10 kn), and starting the
measurement of marine magnetism; acquiring, by the total-field magnetic sensor and in the travelling process,
marine magnetism and transmitting a marine magnetism signal to the electronic magnetism data acquisition
unit; converting, by the electronic magnetism data acquisition unit, the marine magnetism signal into a digital
signal and transmitting the digital signal to the aerostat transmission unit: transmitting, by the aerostat
transmission unit, the digital signal to the laboratory transmission unit over a WIFI network, and transmitting a
command, which is transmitted by the laboratory transmission unit and issued by the data recording
computer, to the electronic magnetism data acqﬁisition unit, transmitting, by the laboratory transmission unit,
the digital signal to the data recording computer, and transmitting a command issued by the data recording
computer to the aerostat transmission unit over a WIFl network: and, receiving, by the data recording
computer, the data trénsmitted from the electronic magnetism data acquisition unit, recording, processing

and monitoring the data to obtain marine magnetism data, and storing the marine magnetism data into the

data recording computer in real time:
(8} before the exhaustion of the battery power, decreasing the speed of the surveying ship 11,

withdrawing the aerostat to the deck of the surveying ship, replacing the battery of the aerostat magnetism

measurement portion, and repeating the steps (3) to {7} and

(9) after all the marine magnetism measurement operations are completed, decreasing the speed of the
surveying ship, and wifhd rawing the aerostat to the deck of the surveying ship.

As shown in Fig. 3, in Embodiment 2 of the marine magnetism detection device of the present invention,
differences from Embodiment 1 lie in that: the aerostat magnetism measurement portion is connected to the
onboard laboratory magnetism measurement portion via a wired cable; the signal transmission between the

aerostat transmission unit and the laboratory transmission unit is realized over a wired network: the aerostat
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magnetism measurement portion does not need a power supply module; and, the onboard laboratory
magnetism measurement pdrtion provides power to the aerostat magnetism measurement portion via a
wired cable which is enveloped inside the rope 13.

As shown in Fig. 4, in Embodiment 3 of the marine magnetism detection device of the present invention,
differences from Embodiment 1 lie in that: as the magnetic sensor, a single vector-type magnetic sensor is
used; the aerostat magnetism measurement portion further includes a heading and attitude reference system
and an aerostat GPS; the heading and attitude reference system is configured to measure the heading, roll
angle and pitch angle parameters of the aerostat shell 12 and transmit the measured parameters to the
electronic magnetism data acquisition unit; and, the aerostat GPS is configured to provide aerostat position
information and perform high-precision timing on the aerostat magnetism measurement portion.

Difterences between the marine magnetism detection method in this embodiment of the present
invention and the detection methad in Embadiment 1 lie in that: in the step (7), the surveying ship‘ 11 is
accelerated to a normal speed (e.g., a speed of 10 kn), and the measurement of marine magnetism starts:
during the measurement, the electronic magnetism data acquisition unit synchronously acquires magnetism
data and attitude data acquired by the heading and attitude reference system, wherein an acquisition error of
1s between the both will result in a large magnetism measurement error, so that an aerostat CPS timing pulse
is used as a reference signal for triggering acquisition in order to ensure the synchraonization precision of the
magnetism data and the attitude data.

As shown in Fig. 5, in Embodiment 4 of the marine magnetism detection device of the present inveﬁtion,
differences from Embodiment 3 lie in that: the aefostat magnetism measurement portion is connected to the
onboard laboratory magnhetism measurement portion via a wired optical fiber: the signal transmission
between the aerostat transmission unit and the laboratory transmission unit is realized over a wired network:

the aerostat magnetism measurement portion does not need a power supply module: and, the onboard

laboratory magnetism measurement portion provides power to the aerostat magnetism measurement portion

via a wired optical fiber which is enveloped inside the rope 13.

In addition, as the magnetic sensor, a plurality of total-field magnetic sensors or a plurality of vecto’r-type
magnetic sensors may also be used. The total-field magnetic sensors may be Overhauser magnetic sensor,
proton-precession magnetic sensor, optical-pump magnetic sensors or the like. The vector-type magnetic
sensors may be fluxgate-type magnetic sensor or other types of magnetic sensors. The vector-type magnetic

sensors are used for measuring three components X, Y and Z of a geomagnetic field.

The aerostat magnetism measurement portion further includes peripheral sensors. The peripheral
sensors include one or more of cameras, altitude meters, temperature sensors and inclination sensors. The

peripheral sensors are each connected to the electronic magnetism data acquisition unit. An onboard GPS is

connected to the surveying ship 11.
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The foregoing description merely shows specific implementations of the present invention, and the
protection scope of the present invention is not limited thereto. Any changes or replacements obtained

without paying any creative labor shall fall into the protection scope of the present invention.

INDUSTRIAL APPLICABILITY

The marine magnetism detection method and device of the present invention will not be limited by the
working sea area in the practical marine magnetism detection process and can also operate with other

onboard devices and dragging devices, so that the marine magnetism detection method and device of the

present invention are more convenient to operate and are industriaily applicable.
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What is claimed is:

1. A marine magnetism detection device, comprising a surveying ship (11}, an onboard
laboratory magnetism measurement portion arranged on the surveying ship {11}, an aerostat

shell (12} and an aerostat magnetism measurement portion arranged inside the aerostat shell

(12}, characterized in that the aerostat shell {12} is connected to the surveying ship {11) via a
rope (13}, and the aerostat shell (12} floats in air; the aerostat magnetism measurement portion
comprises a magnetic sensor, an electronic magnetism data acquisition unit and an aerostat
transmission unit; the onboard laboratory magnetism measurement portion comprises a data
recording computer and a labeoratory transmission unit; the magnetic sensor acquires marine

magnetism and transmits @ marine magnetism signal to the electronic magnetism data
acquisitian unit; the electronic magnetism data acquisition unit converts the marine magnetism
signal intc a digital signal and then transmits the digital signal to the aerostat transmission unit;
the aerostat transmission unit transmits the digital signal to the laboratory transmission unit over
a wireless or wired netwaork and transmits a command, which is transmitted by the laboratory
transmission unit  and issued by the data recording computer, to the electronic magnetism data
acquisition unit; and, the lahoratory transmission unit transmits the digital signal to the data
recording computer and transmits a command issued by the data recording computer to the

aerostat transmission unit over a wired or wireless network.

2. The marine magnetism detection device according to claim 1, characterized in that the

magnetic sensor is a total-field magnetic sensor.

3. The marine magnetism detection device accoerding to claim 1, characterized in that the
magnetic sensor is a vector-type magnetic sensar; the aerostat magnetism measurement portion

further comprises a heading and attitude reference system; and, the heading and attitude

reference system is configured to measure the heading, roll angle and pitch angle parameters of
the aerostat shell (12} and transmit the measured parameters to the electronic magnetism data

acquiisition unit.

4, The marine magnetism detection device according to claim 1, characterized in that the

rape (13) is made of aramid fiber material.

5. The marine magnetism detection device according to claim 1, characterized in that the
cdata transmission between the laboratory transmission unit and the aerostat transmission unit is

realized by a cable or an optical fiber, and the cable or optical fiber is enveloped inside the rope

(13).

6. The marine magnetism detection device according to claim 1, characterized in that the
data transmission between the laboratory transmission unit and the aerostat transmission unit is

realized via WIFI.

18363470v2
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7. The marine magnetism detection device according to claim 1, characterized in that a
power supply module is provided within the aerostat shell (12), and the power supply module

provides power to the aerostat magnetism measurement portion.

8. The marine magnetism detection device according to claim 1, characterized in that the

aerostat magnetism measurement portion further comprises peripheral sensaors; the peripheral
sersars comprise one or more of cameras, altitude meters, temperature sensors and inclination
sensors; and, the peripheral sensors are each connected to the electronic magnetism data

acquisition unit.

9. The marine magnetism detection device according to claim 1, characterized in that the
aeragstat magnetism measurement portion further comprises an aerostat GPS connected to the

electronic magnetism data acquisition unit.

10. The marine magnetism detection device according to claim 1, characterized in that an

onboard GPS is cannected to the surveying ship (11).

11. A marine magnetism detection method using the marine magnetism detection device

according to any one of claims 1 to 2, and 4 to 10, comprising the following steps of:

(1) connecting all portions of the marine magnetism detection device to ensure the portions

to operate normally;

(2} allowing the surveying ship (11} to travel at a low speed, and releasing the aerostat shell

(12} so that the aerostat shell (12} floats in air;

(3} testing the marine magnetism detection device to ensure all portions to operate

normally; and

(4} allowing the surveying ship {11) to travel at a normal speed; acquiring, by the magnetic

sensor and in the travelling process, marine magnetism and transmitting a marine magnetism

signal to the electronic magnetism data acquisition unit; converting, by the electronic magnetism
data acquisition unit, the marine magnetism signal into a digital signal and transmitting the
digital signal to the aerostat transmission unit; transmitting, by the aerostat transmission unit,
the digital signal to the laboratory transmission unit over a wireless or wired network, and
transmitting a command, which is transmitted by the laboratory transmission unit and issued by
the data recording computer, to the electronic magnetism data acquisition unit; transmitting, by
the laboratory transmission unit, the digital signal to the data recording computer, and
transmitting a command issued by the data recording computer to the aerostat transmission unit
over a wired or wireless network; and, receiving, by the data recording computer, the data
transmitted from the electranic magnetism data acquisition unit, and recording, processing and

monitoring the data to obtain marine magnetism data.

9
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12. The marine magnetism detection method according to claim 11, characterized in that

the distance from the surveying ship (11} to the aerostat shell (12} is greater than or equal to the

length of the ship body of the surveying ship {11).

13. The marine magnetism detection method according to claim 12, characterized in that

the electronic magnetism data acquisition unit synchronously acguires magnetism data and
attitude data acquired by a heading and attitude reference system; and the electronic magnetism
data acquisition unit synchronously transmits the magnetism data and the attitude data to the

aerostat transmissicn unit.

14. A marine magnetism detection method using the marine magnetism detection device

according to claim 3, comprising the following steps of:

(1) connecting all portions of the marine magnetism detection device to ensure the portions

to operate normally;

(2) allowing the surveying ship (11) to travel at a low speed, and releasing the aerostat shell

(12) so that the aerostat shell {12) floats in air;

(3) testing the marine magnetism detection device to ensure all portions to operate

normally; and

(4} allowing the surveying ship (11} to travel at a normal speed: acquiring, by the magnetic
sensor and in the travelling process, marine magnetism and transmitting a marine magnetism
sighal to the electronic magnetism data acquisition unit; converting, by the electronic magnetism
data acquisition unit, the marine magnetism signal into a digital signal and transmitting the
digital signal to the aerostat transmission unit; transmitting, by the aerostat transmission unit,
the digital signal to the laboratory transmission unit over a wireless or wired network, and
transmitting a command, which is transmitted by the laboratory transmission unit and issued by
the data recording computer, to the electronic magnetism data acquisition unit; transmitting, by
the laboratory transmission unit, the digital signal to the data recording computer, and
transmitting @ command issued by the data recording computer to the aerostat transmission unit
over a wired or wireless network; and, receiving, by the data recording computer, the data
transmitted from the electronic magnetism data acquisition unit, and recording, processing and

monitoring the data to obtain marine magnetism data.

15. The marine magnetism detection method according to claim 14, characterized in that
the distance from the surveying ship (11} to the aerostat shell (12) is greater than or equal to the

length of the ship bady of the surveying ship (11).

16. The marine magnetism detection method according to claim 15, characterized in that

the electronic magnetism data acquisition unit synchronously acquires magnetism data and

10
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attitude data acquired by the heading and attitude reference system; and the electronic
magnetism data acquisition unit synchronously transmits the magnetism data and the attitude

data to the aeraostat transmission unit.

11
18363470v2

CA 2990647 2019-03-14



1/3

WSS WE———  W-——— S A Akl e ce— ce— c— e— Gpeee—y ey GV 0 WSS 0 WSS 0 GEEEES 00 GEEEES 0 G RS e e e e e ey WSS 0 WSV 0 WSS 0 WSS 0 Gmaas e

0 nbroa rh

GPS

h |

Cnboard

laboratory  magnetism

measurement portion

computer

I—t-}ata recording

Laboratory

transmission

unit

CA 2990647 2018-01-04

DRAWINGS
v T~
T
/ 2
/N
3
//
14
e S _
FIG. 1

Aerostat magnetism measurement portion
Electronic
Aerostat . :
) o magnetism ‘Magnetic
FANSITISSIon data 4B canenr
Tigiis o
acquisition
unit
Power supply
module
L.
FIG. 2



Onboard
GPS
Aerostat magnelismm measurement portion
Y
Cnbaoard laboratory magneatizm Aaroctat Electronic .
measurement portion L magnetism Magnetic
transmission  |gq-p .
data sensor
\g——p| | unit .

Data recording Laboratory az:fqugzsmo 3 .

computer transmission unit
—— — unit J
FIG. 3
Aerostat magnetism measurement portion
Dnboard — l
GPS Aerostat Heading and attitude
" - GPS reference system
y v ¥
Onbhoard la bar-at@ry magnelism Aeroctat Electronic l
measurement portion bransmicsion magnetisn Magnetic
A P || “* data "‘T SEnsor
| Data recording |4 -2 boratory a-r:g wstlion
computer transmission Lt I
vt '_Tr______“
Power supply
module

FIG. 4

CA 2990647 2018-01-04



I Onbaoard
GP%

) 4

measurement portion

computer

Onboard  laboratory

Data recording | g..qe

magnetism

|
{ aboratory

ransnyssion

Lt

CA 2990647 2018-01-04

Aerostat magnetismn measurement portion

Aerostat Heading and attitude
GPS reterence system
Flectronic
Aerostat | .
. . magnetism Magnetic
ransmissicn data -t concor
unit o
acouusition
unit
FIG. 5







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - abstract drawing

