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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to an information
transmission system, a transmitter, a receiver, and an
information transmission method for transmitting infor-
mation by using a mud pulse pressure signal (a signal to
be transmitted in the form of a pressure pulse using mud
as a transmission medium) to transmit information be-
tween a transmitter located in an excavation part of an
underground excavator and a receiver located on the
ground.

[0002] US 7,573,397 B2 (hereinafter referred to as
"Patent Literature 1") discloses that pulse position mod-
ulation is used in a communication method using a dif-
ference in mud pressure. Patent Literature 1 discloses
an underground excavator located in the ground, a re-
ceiver located on the ground, etc.

SUMMARY OF THE INVENTION

[0003] However, communication using a mud pulse
pressure signal can transmit only about one pulse per
second, so that the communication speed (the number
of bits that can be transmitted per second) is extremely
slow as compared with general communication. The
present invention has an object to increase the commu-
nication speed of a communication method using a mud
pulse as much as possible.

[0004] An information transmission system of the
present invention transmits information by using a mud
pulse pressure signal to transmit information between a
transmitter located in an excavation part of an under-
ground excavator and a receiver located on the ground.
The transmitter comprises a transmission information ac-
quisition part for acquiring information, and a pressure
pulse generation part. The pressure pulse generation
part generates a pressure pulse so that an interval be-
tween the pressure pulse and a just preceding or just
subsequent pressure pulse is an interval corresponding
to the information acquired by the transmission informa-
tion acquisition part. The receiver comprises a pressure
pulse detection part for detecting a pressure pulse, and
a reception information output part. The reception infor-
mation output part outputs information corresponding to
the interval between the detected pressure pulse and a
just preceding or just subsequent pressure pulse.

EFFECT OF THE INVENTION

[0005] In the pulse position modulation, information is
transmitted according to a timing (position) at which a
pulse exists in a certain period of time. In the information
transmission system of the present invention, an interval
from a just preceding or just subsequent pressure pulse
is made to correspond to information to be transmitted.
Therefore, a standby time can be eliminated, and thus

(]

10

15

20

25

30

35

40

45

50

55

the communication speed can be improved.
BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1is a diagram showing a configuration example
of an information transmission system of the present
invention;

FIG. 2 is a diagram showing a processing flow using
the information transmission system of the present
invention:

FIG. 3 is a diagram showing an example in which 1-
bit information is subjected to pulse position modu-
lation;

FIG. 4 is a diagram showing an example in which 2-
bit information is subjected to pulse position modu-
lation;

FIG. 5 is a diagram showing an example in which 3-
bit information is subjected to pulse position modu-
lation;

FIG. 6 is a diagram showing another example in
which 3-bit information is subjected to pulse position
modulation;

FIG. 7 is a diagram showing pulses when "000011"
is transmitted by the pulse position modulation
shown in FIG. 6;

FIG. 8 is a diagram showing pulses when "010110"
is transmitted by the pulse position modulation
shown in FIG. 6;

FIG. 9 is a diagram showing an example of a mod-
ulation method that specifies information based on
a period of time before a pulse;

FIG. 10 is a diagram showing a difference between
a case where "000011" is transmitted by the modu-
lation of FIG. 6 and a case where "000011" is trans-
mitted by the modulation of FIG. 9;

FIG. 11 is a diagram showing a difference between
a case where "010110" is transmitted by the modu-
lation of FIG. 6 and a case where "010110" is trans-
mitted by the modulation of FIG. 9;

FIG. 12 is a diagram showing an example of a mod-
ulation method that specifies information based on
a period of time after a pulse;

FIG. 13 is a diagram showing a difference between
a case where "000011" is transmitted by the modu-
lation of FIG. 6 and a case where "000011" is trans-
mitted by the modulation of FIG. 12; and

FIG. 14 is a diagram showing a difference between
a case where "010110" is transmitted by the modu-
lation of FIG. 6 and a case where "010110" is trans-
mitted by the modulation of FIG. 12.

DESCRIPTION OF EMBODIMENTS
FIRST EMBODIMENT

[0007] Fig. 1 shows a configuration example of an in-
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formation transmission system of the present invention.
Fig. 2 shows a processing flow using the information
transmission system of the present invention. An infor-
mation transmission system 300 transmits information
by using a mud pulse pressure signal 900 (a signal to be
transmitted in the form of a pressure pulse using mud as
a transmission medium) to transmit information between
a transmitter 100 located in an excavation part 400 of an
underground excavator and a receiver 200 located on
the ground. In other words, the information transmission
system 300 uses a difference in mud pressure as a signal,
and transmits information by a pressure-changed pulse
(pressure pulse). Pressure is applied to mud from the
ground side for excavation. When the resistance to flow
of mud is changed on the excavation part 400 side, the
pressure of the mud changes. The pressure pulse may
be generated by changing the resistance to the flow of
mud.

[0008] The transmitter 100 comprises a transmission
information acquisition part 110 for acquiring information,
and a pressure pulse generation part 120. Although not
shown, the excavation part 400 includes an information
processing device for obtaining information such as a tilt
angle, an azimuth angle, a dip angle, and a tool face of
the excavation part 400 from data which have been ob-
tained from an acceleration sensor, a magnetic sensor,
a temperature sensor, and the like. The transmission in-
formation acquisition part 110 acquires information to be
transmitted to the ground from the information processing
device, etc. (S110). The information to be acquired may
be the tilt angle, the azimuth angle, the dip angle, the tool
face, and the temperature themselves, or information on
differences from previouslytransmitted information.
Since the communication speed based on the mud pulse
is very slow as described above, it is advisable to take
appropriate measures to reduce the amount of informa-
tion (number of bits) to be transmitted as much as pos-
sible.

[0009] The pressure pulse generation part 120 gener-
ates a pressure pulse so that the interval between the
pressure pulse and a just preceding or just subsequent
pressure pulseis aninterval corresponding toinformation
acquired by the transmission information acquisition part
110 (S120). "A just preceding pressure pulse" means
that a pressure pulse just before the pressure pulse of
interest. "A just subsequent pressure pulse" means that
a pressure pulse just after the pressure pulse of interest.
The pressure pulse generation part 120 may be config-
ured to consume electric power when generating a pres-
sure pulse. Conversely, the pressure pulse generation
part 120 may be configured to consume no electric power
when generating no pressure pulse. In the case of a mod-
ulation method in which a period of time during which no
pressure pulse is generated is longer, the power con-
sumption can be reduced by performing such setting that
electric power is consumed only when a pressure pulse
is generated. Further, the pressure pulse generation part
120 may be configured to generate a pressure pulse hav-
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ing a predetermined certain pulse width. In particular, in
the case of the setting that electric power is consumed
only when a pressure pulse is generated, by setting "the
predetermined certain pulse width" to a minimum pulse
width that enables the pressure pulse detection part 210
of the receiver 200 to detect a pressure pulse, it makes
it easy to reduce power consumption. However, if there
is little need to reduce power consumption, other meth-
ods may be used. Further, a method of consuming elec-
tric power when the presence or absence of a pressure
pulse is altered, and the like may be adopted.

[0010] The receiver 200 comprises a pressure pulse
detection part 210 and areception information output part
220. The pressure pulse detection part 210 detects a
pressure pulse (S210). The reception information output
part 220 outputs information corresponding to the interval
between a detected pressure pulse and a pressure pulse
just before or just after the detected pressure pulse
(S220). It may be appropriately selected whether the in-
terval between the detected pressure pulse and the just
preceding pressure pulse is made to correspond to the
information or the interval between the detected pressure
pulse and the just subsequent pressure pulse is made
to correspond to the information.

[0011] Inthe modulation adopted in the presentinven-
tion, the interval between pressure pulses is made to
correspond to information to be transmitted. In particular,
when the pressure pulse generation part 120 consumes
electric power only when generating a pressure pulse,
this modulation is characterized in that the period of time
during which no electric power is consumed corresponds
to the information to be transmitted. In other words, a
period of time during which the excavation part 400 does
not execute the control of changing the mud pressure
corresponds to the information.

[0012] Next, the pulse position modulation and the
modulation adopted by the present invention will be de-
scribed. Fig. 3 shows an example in which 1-bit informa-
tion is subjected to pulse position modulation. In Fig. 3,
the pulse position is different between the case of "0" and
the case of "1". In this example, a period of time T, is
required to transmit 1 bit. Fig. 4 shows an example in
which 2-bit information is subjected to pulse position
modulation. In Fig. 4, the pulse position is differentamong
the cases of "00", "01", "10", and "11". In this example,
a period of time T, is required to transmit 2 bits. Fig. 5
shows an example in which 3-bitinformation is subjected
to pulse position modulation. In FIG. 5, the pulse position
is differentamong the cases of "000","001","010","011",
"100", "101", "110", and "111". In this example, a period
of time T3, is required to transmit 3 bits. Further, a period
of time A before a pulse and a period of time B after the
pulse determine the position of the pulse.

[0013] In the examples of Figs. 3 to 5, T,=2XTj,,
T34=2XT,=4XT,. Likewise, a period of time T, required
when 4-bitinformation is subjected to pulse position mod-
ulation satisfies T,=2XT31=4XT,=8XT,. Aperiod oftime
T, required when n-bit information is likewise subjected
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to pulse position modulation satisfies T,-2"-1xT,. There-
fore, when a large number of bits are subjected to pulse
position modulation in a lump, the amount of information
that can be transmitted per unit time is reduced (the com-
munication speed slows down). On the other hand, in the
case where power is consumed only when a pulse is
transmitted, 3 bits can be transmitted in the example of
Fig. 5 with the power to be consumed for transmission
of 1 bit in the example of Fig. 3. In other words, when a
large number of bits are subjected to pulse position mod-
ulation in a lump, the power required to transmit 1-bit
information can be reduced. As described above, the
pulse position modulation has a disadvantage that the
communication speed becomes slow, but has an advan-
tage that the power consumption of the transmitter which
is installed in the excavation part 400 and operates with
a battery can be easily reduced.

[0014] Fig. 6 shows another example in which 3-bit in-
formation is subjected to pulse position modulation. In
Fig. 6, the pulse position is likewise different among the
cases of "000", "001", "010", "011", "100", "101", "110Q",
and "111". In Fig. 6, a period of time C and a period of
time D in which no pulse exists are present regardless
of the information to be transmitted, and a period of time
A before a pulse and a period of time B after the pulse
determine the position of the pulse. In the example of
Fig. 5, the period of time C and the period of time D in
which no pulse exists are not shown, but it is general to
set the period of time C and the period of time D for de-
tection of timing or the like. Further, in the example of
Fig. 6, the pulse position is changed with a half of the
width of the pulse being set as a unit. In this example, a
period of time T, is required to transmit 3 bits.

[0015] Fig. 7 shows pulses inthe case where "000011"
is transmitted by the pulse position modulation shown in
Fig. 6. Fig. 8 shows pulses in the case where "010110"
is transmitted by the pulse position modulation shown in
Fig. 6. In both the cases, 6 bits are transmitted in a period
of time of 2XT5,.

[0016] Fig. 9 shows an example of a modulation meth-
od that specifies information based on a period of time
before a pulse. In the example of Fig. 9, the period of
time A before each pulse is different among the cases of
"0ooo", "001","010","011","100","101","110", and "111",
and each signal ends when a certain period of time D
has elapsed after the pulse. Therefore, in the case of
"111" which is the longest signal, the period of time re-
quired to transmit 3 bits is T5,, but in the other cases, 3-
bit information can be transmitted in a period of time
shorter than Ts,.

[0017] Fig. 10 shows the difference between a case
where "000011" is transmitted by the modulation of Fig.
6 and a case where "000011" is transmitted by the mod-
ulation of Fig. 9. Fig. 11 shows the difference between a
case where "010110" is transmitted by the modulation of
Fig. 6 and a case where "010110" is transmitted by the
modulation of Fig. 9. In both the figures, "P" represents
the case of the modulation of Fig. 6, and "N" represents
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the case of the modulation of Fig. 9. In both the cases,
it can be seen that the period of time required to transmit
6-bit information is shortened. Note that it is the same in
both the examples of Figs. 6 and 9 to send two pulses
for transmission of 6-bit information. Therefore, the elec-
tric power required to transmit 1-bit information is the
same in both the examples.

[0018] Fig. 12 shows an example of a modulation
method that specifies information by a period of time after
apulse. In the example of Fig. 12, a period of time B after
a pulse is different among the cases of "000", "001",
"010", "011", "100", "101", "110", and "111", a certain
period of time C exists before each pulse. In the example
of Fig. 12, the period of time required to transmit 3 bits
is T3, in the case of "000" which is the longest signal, but
in the other cases, 3-bit information can be transmitted
in a period of time shorter than T5,.

[0019] Fig. 13 shows the difference between a case
where "000011" is transmitted by the modulation of Fig.
6 and a case where "000011" is transmitted by the mod-
ulation of Fig. 12. Fig. 14 shows the difference between
a case where "010110" is transmitted by the modulation
of Fig. 6 and a case where "010110" is transmitted by
the modulation of Fig. 12. In both the figures, "P" repre-
sents the case of the modulation of Fig. 6, and "N" rep-
resents the case of the modulation of Fig. 12. In both the
cases, it can be seen that the period of time required to
transmit 6-bit information is shortened. Note that it is the
same in both the examples of Figs. 6 and 12 to send two
pulses for transmission of 6-bit information. Therefore,
the electric power required to transmit 1-bit information
is the same in both the examples.

[0020] When applied to the information transmission
system 300 of the present invention, the modulation of
Fig. 9 is the modulation in the case where an interval
from a just preceding pressure pulse is made to corre-
spond to information. For example, in the example of Fig.
10, the period of time D+C+A is an interval from a just
preceding pressure pulse, and it corresponds to informa-
tion "011". In the example of Fig. 11, the period of time
D+C+A is an interval from a just preceding pressure
pulse, and it corresponds to information "110". Further,
the modulation of Fig. 12 is the modulation in the case
where an interval from a just subsequent pressure pulse
is made to correspond to information. For example, in
the example of Fig. 13, the period of time B+D+C is an
interval from a just preceding pressure pulse, and it cor-
responds to information "000". In the example of Fig. 14,
the period of time B+D+C is an interval from a just sub-
sequent pressure pulse, and it corresponds to informa-
tion "010".

[0021] In the description with reference to Figs. 9 to
14, one pulse is used for 3-bit information. However, the
number of bits of information to be transmitted by one
pulse may be appropriately determined. Further, the
above description has been made on the assumption that
an interval between the falling edge of a preceding pres-
sure pulse and the rising edge of a subsequent pressure
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pulse is defined as the interval between the pressure
pulses. However, an interval between the rising edge of
a preceding pressure pulse and the rising edge of a sub-
sequent pressure pulse may be interpreted as the interval
between the pressure pulses. In this way, it may be ap-
propriately determined from which position of a preceding
pressure pulse to which position of a subsequent pres-
sure pulse is interpreted as the interval between the pres-
sure pulses.

[0022] In the pulse position modulation, information is
transmitted according to a timing (position) at which a
pulse exists in a certain period of time. Therefore, time
from the generation of a pulse until the end of the certain
period of time is a standby time for waiting the start of a
next certain period of time. In particular, when the position
of a pulse exists at an early timing in the certain period
of time, the standby time becomes longer. Further, when
the position of a pulse is indicated by the time after the
generation of the pulse until the end of the certain period
of time, the time until the pulse has been generated is a
standby time. At this time, when the position of a pulse
exists at a later timing in the certain period of time, the
standby time becomes longer. In the information trans-
mission system of the present invention, an interval from
a just preceding or just subsequent pressure pulse is
made to correspond to information to be transmitted.
Therefore, the standby time can be eliminated, so that
the communication speed can be improved. Further,
since the number of bits that can be transmitted by one
pulse is the same, the power consumption required to
transmit 1-bit information is the same as the pulse posi-
tion modulation.

Claims

1.  Aninformation transmission system for transmitting
information as a pressure pulse by using amud pulse
pressure signal to transmit information between a
transmitter located in an excavation part of an un-
derground excavator and a receiver located on the
ground, wherein the transmitter comprises:

a transmission information acquisition part for
acquiring information; and

a pressure pulse generation part for generating
a pressure pulse so that an interval between the
pressure pulse and a just preceding pressure
pulse is an interval corresponding to the infor-
mation acquired by the transmission information
acquisition part, and wherein the receiver com-
prises:

apressure pulse detection partfor detecting
the pressure pulse; and

a reception information output part for out-
putting information corresponding to an in-
terval between the detected pressure pulse
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and a just preceding pressure pulse.

An information transmission system for transmitting
information as a pressure pulse by using a mud pulse
pressure signal to transmit information between a
transmitter located in an excavation part of an un-
derground excavator and a receiver located on the
ground, wherein the transmitter comprises:

a transmission information acquisition part for
acquiring information; and

a pressure pulse generation part for generating
a pressure pulse so that an interval between the
pressure pulse and a just subsequent pressure
pulse is an interval corresponding to the infor-
mation acquired by the transmission information
acquisition part, and wherein the receiver com-
prises:

apressure pulse detection partfor detecting
the pressure pulse; and

a reception information output part for out-
putting information corresponding to an in-
terval between the detected pressure pulse
and a just subsequent pressure pulse.

A transmitter that is located in an excavation part of
an underground excavator and transmits information
as a pressure pulse by using a mud pulse pressure
signal, comprising:

a transmission information acquisition part for
acquiring information; and

a pressure pulse generation part for generating
a pressure pulse so that an interval between the
pressure pulse and a just preceding or just sub-
sequent pressure pulse is an interval corre-
sponding to the information acquired by the
transmission information acquisition part.

The transmitter according to claim 3, wherein the
pressure pulse generation part consumes electric
power when generating a pressure pulse.

The transmitter according to claim 4, wherein the
pressure pulse generation partgenerates a pressure
pulse having a predetermined certain pulse width.

A receiver for receiving, on ground, information
transmitted from a transmitter that is located in an
excavation part of an underground excavator and
transmits information by using a mud pulse pressure
signal, comprising:

a pressure pulse detection part for detecting a
pressure pulse; and

areception information output part for outputting
information corresponding to an interval be-
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tween the detected pressure pulse and a just
preceding or just subsequent pressure pulse.

An information transmission method for transmitting
information as a pressure pulse by using amud pulse
pressure signal to transmit information between a
transmitter located in an excavation part of an un-
derground excavator and a receiver located on the
ground, wherein the transmitter executes:

a transmission information acquisition step of
acquiring information; and

a pressure pulse generation step of generating
apressure pulse so that an interval between the
pressure pulse and a just preceding pressure
pulse is an interval corresponding to the infor-
mation acquired in the transmission information
acquisition step, and wherein the receiver exe-
cutes:

apressure pulse detection step of detecting
the pressure pulse; and

a reception information output step of out-
putting information corresponding to an in-
terval between the detected pressure pulse
and a just preceding pressure pulse.

An information transmission method for transmitting
information as a pressure pulse by using amud pulse
pressure signal to transmit information between a
transmitter located in an excavation part of an un-
derground excavator and a receiver located on the
ground, wherein the transmitter executes:

a transmission information acquisition step of
acquiring information; and

a pressure pulse generation step of generating
apressure pulse so that an interval between the
pressure pulse and a just subsequent pressure
pulse is an interval corresponding to the infor-
mation acquired in the transmission information
acquisition step, and wherein the receiver exe-
cutes:

apressure pulse detection step of detecting
the pressure pulse; and

a reception information output step of out-
putting information corresponding to an in-
terval between the detected pressure pulse
and a just subsequent pressure pulse.
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