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(57) ABSTRACT

The rotation angle around x axis, inclination angle and
directional angle of a boring bit are obtained from the value
measured with an accelerometer (22) and a three axis
magnetic sensor integrally provided within the boring bit
attached to the top of a rod array for boring. From these
obtained values and the length corresponding to a rod, the
amount of varied position according to boring by a length
corresponding to a rod is obtained for each directional
component. Further, the position of boring corresponding to
boring in plural times with successive addition of rods is
obtained through accumulating the amount of varied posi-
tion for each directional component in respect of boring in
plural times.

e
il 10
O O O |

4 = 7, /) {///?/ s

(=2 -

/



Jan. §5,2017 Sheet 1 of § US 2017/0002648 A1

Patent Application Publication

l Old




Patent Application Publication Jan. 5,2017 Sheet 2 of 5 US 2017/0002648 A1

FIG. 2

g : gravitational vector
m : terrestrial magnetism vector
P : directional vector of boring bit

FIG. 3
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METHOD FOR MEASURING
UNDERGROUND BORING POSITION AND
UNDERGROUND BORING POSITION
MEASURING APPARATUS

BACKGROUND OF THE INVENTION
[0001] Technical Field

[0002] The present invention relates to a method for
measuring underground boring position and an underground
boring position measuring apparatus, and particularly relates
to such a method and apparatus used in non-open cut
working method performed without open cut of the ground.

[0003] Description of Related Art

[0004] A non-open cut method is a boring method of an
energy saving type for burying water piping, gas piping or
the like without performing open cut of the ground and it is
expected to be utilized in the case of ground improvement
working directly under the structures having been already
constructed as a measure against ground liquefaction
brought by earthquake or in the case of underground boring
generally in a large scale without performing open cut.

[0005] On the other hand, in order to perform boring along
a preset course without performing open cut of the ground
in non-open cut working method, it is necessary to grasp the
top position of the boring at all time on the ground. For
measuring the position of the bit at the top of the boring used
in a non-open cut working method, a measuring method is
conventionally used such as to presume the position of the
bit by receiving, on the ground, the electromagnetic signal
issuing from the sensor attached to the top of the boring tool
positioned underground. However, with this measuring
method, the position of the bit cannot be measured in a
situation where there are some obstacles upward from the
position for measurement such as a construction, a river, etc.

[0006] Patent Document 1 discloses an example of con-
ventional underground position measuring apparatus. In this
apparatus, an accelerometer and a gyroscope are provided in
a moving tool for moving in an intricate space in water or
underground and the position is obtained through calculation
using an angular velocity measured with a gyroscope and an
acceleration measured with an accelerometer. Patent Docu-
ment 2 discloses a method and an apparatus for measuring
direction and inclination, in which a measured body having
a conical measured face is held, within the apparatus body,
in a freely inclining manner at the point in the direction
through the apex of the cone, a displacement measurer with
a light emitting portion irradiating laser beam to the conical
measured face and a light receiving portion is provided and
the inclination direction of the measured face is obtained by
analyzing the displacement of the relative distance. Further,
Patent Document 3 discloses detection of boring position, in
which a rolling angle of the gyroscope attached to the tube
secondary from the outside in a multilayered tube is detected
and rolling angle is cancelled by detaching a clutch when the
rolling angle has exceeded a predetermined value.

PRIOR TECHNICAL DOCUMENTS

Patent Document

[0007] Patent Document 1: JP, Published Application No.
H03-285111 (JP, A1)
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Patent Document 2:
2005-3641 (JP, Al)

JP, Published Application No.

Patent Document 3:
2002-220968 (JP, A1)

JP, Published Application No.

Problems to be Solved by the Invention

[0008] It is considered that necessity of improvement of
ground under constructed structures as a measure for pre-
venting land subsidence due to ground liquefaction caused
by earthquake will be increased from now on. Here, it is
necessary in such cases of working to bore the ground
directly under structures towards the aimed position in a
pinpoint manner. In such a situation, a non-open cut working
method with less expense is keenly desired in which the top
position of boring can be specified precisely to enable boring
without performing open cut of the ground even in a site
where obstacles such as structures exist. However, such a
boring system is not realized currently that provides a
measuring apparatus with a low expense enabling position
of boring to be measured precisely including cases where
boring is performed directly under obstacles such as struc-
tures.

[0009] Measurement of position directly under obstacles
is possible by using a position measuring apparatus provided
with an accelerometer and a gyroscope as in Patent Docu-
ment 1. However, it is necessary to cause the gyroscope to
be rotated in use and problems of preciseness in the actual
utilization as a non-open cut working method is not solved.
In the techniques disclosed in Patent Document 2, the
apparatus includes a part operated to perform rotational
scanning as measuring means and the inclination angle
cannot be so large in supporting the measured body. Along
with these, the techniques are not applied to the problems
such that position of underground boring is measured.
Further, the techniques disclosed in Patent Document 3, as
one for detecting position of boring, use a gyroscope and
have problems of measurement preciseness in utilizing in
actual non-open cut working. It is an object of the present
invention to provide a method for measuring underground
boring position and an underground boring position mea-
suring apparatus, in which underground boring position is
measured in boring with a boring system for non-open cut
working so as to enable boring to be performed with the top
position of boring specified precisely and to cause the
non-open cut working to be of less expense.

SUMMARY OF THE INVENTION

[0010] The present invention is made to solve the afore-
mentioned problems.

[0011] The method for measuring underground boring
position according to the first aspect of the invention is one
using a posture detecting sensor and a three axis magnetic
sensor for measuring terrestrial magnetism provided inte-
grally within a boring bit disposed at the top of a rod array
in measuring a position of boring at the time of underground
boring using a boring system for non-open cut working
method that is equipped with the rod array with the boring
bit attached at the top thereof and performs underground
boring with successive addition of rods, comprising steps of:
[0012] establishing an xyz-coordinate system with z axis
in the direction of gravity and x axis in the direction to the
magnetic north and measuring the terrestrial magnetism on
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the ground with the three axis magnetic sensor to obtain the
depression angle I of the terrestrial magnetism before bor-
ing,

[0013] obtaining an inclination angle ¢ of the boring bit
from the horizontal plane and a rotation angle w of the
boring bit around x axis from a value measured by an
accelerometer integral with the boring bit at the time of
boring,

[0014] obtaining a directional angle 6 of the boring bit
from said obtained inclination angle ¢ and rotation angle
around x axis along with the measured value by said three
axis magnetic sensor and the depression angle 1 of the
terrestrial magnetism obtained before boring,

[0015] obtaining an amount of varied position according
to boring by a length corresponding to a rod for each
directional component from the obtained inclination angle ¢,
rotation angle 6 and length corresponding to the rod, and
[0016] accumulating the amount of varied position
obtained in respect of boring in plural times for each
directional component to obtain the position of boring
corresponding to boring in plural times with successive
addition of rods.

[0017] The method for measuring underground boring
position according to the second aspect of the invention is
characterized in that, in the first aspect, in order to correct a
distortion in an output of the three axis magnetic sensor due
to the boring bit itself containing the three axis magnetic
sensor or magnetic materials present near the course of
boring, the method further comprises steps of:

[0018] obtaining correction coefficients and offsets from
the output of the three axis magnetic sensor with the boring
bit set to be in plural directions, one of which is a direction
in the direction to the magnetic north and another of which
is a direction changed from the one, before the boring, and
[0019] obtaining each directional component of the ter-
restrial magnetism from the output of the three axis mag-
netic sensor along with said obtained correction coefficients
and offsets.

[0020] The method for measuring underground boring
position according to the third aspect of the invention is
characterized in that, in the first or second aspect, the posture
detecting sensor is a three axis accelerometer measuring a
gravitational acceleration.

[0021] The underground boring position measuring appa-
ratus according to the fourth aspect of the invention is one
used in underground boring with a boring system for non-
open cut working method that is equipped with a rod array
and a boring bit at the top thereof and performs underground
boring with successive addition of rods, comprising;
[0022] a posture detecting sensor,

[0023] a three axis magnetic sensor for measuring terres-
trial magnetism, and

[0024] a calculation processing portion having a calcula-
tion processing unit for calculation processing of measure-
ment data acquired by measurement with each of said
posture detecting sensor and three axis magnetic sensor to
obtain a position of the boring bit through underground
boring;

[0025] wherein said calculation processing unit performs
calculation processing of:

[0026] obtaining an inclination angle ¢ of the boring bit
from the horizontal plane and a rotation angle w of the
boring bit around x axis from a value measured by an
accelerometer integral with the boring bit at the time of
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boring on the basis of an xyz-coordinate system with z axis
in the direction of gravity and x axis in the direction to the
magnetic north established on the ground before boring,
[0027] obtaining a directional angle 6 of the boring bit
from the obtained inclination angle ¢ and rotation angle
around x axis along with the measured value by said three
axis magnetic sensor and a depression angle I of the terres-
trial magnetism measured on the ground before boring,
[0028] obtaining the amount of varied position according
to boring by a length corresponding to a rod for each
directional component from said obtained inclination angle
¢, rotation angle 8 and length corresponding to the rod, and
[0029] accumulating the amount of varied position for
each directional component in respect of boring in plural
times to obtain the position of boring corresponding to
boring in plural times with successive addition of rods.
[0030] The underground boring position measuring appa-
ratus according to the fifth aspect of the invention is char-
acterized in that, in the fourth aspect, the calculation pro-
cessing unit performs the calculation processing for
obtaining correcting coefficients and offsets from the output
of the three axis magnetic sensor with the boring bit set to
be in plural directions, one of which is a direction to the
magnetic north and another of which is a direction changed
from the one, before boring, and

[0031] the calculation processing unit further obtains each
directional component of the terrestrial magnetism from the
output of the three axis magnetic sensor along with the
obtained correcting coefficients and offsets to correct dis-
tortion in the output of the three axis magnetic sensor due to
the boring bit itself containing the three axis magnetic sensor
or magnetic materials present near the course of boring.
[0032] The underground boring position measuring appa-
ratus according to the sixth aspect of the invention is
characterized in that, in the fourth or fifth aspect, the posture
detecting sensor is a three axis accelerometer measuring the
gravitational acceleration.

[0033] According to the present invention, a posture
detecting sensor and a three axis magnetic sensor are pro-
vided integrally within a boring bit, the inclination angle of
the boring bit is obtained through measurement by the
posture detecting sensor at each time in the course of
successive boring, the directional angle of the boring bit is
obtained through measurement by the three axis magnetic
sensor, the advancement direction of the boring bit is
obtained from these already acquired data along with the
depression angle of the terrestrial magnetism measured
before boring, the amount of varied position of the boring bit
is obtained from the advancement direction along with the
length of a rod, and the position of boring is obtained by
accumulating the obtained amount of varied position suc-
cessively. With such features of the present invention, the
position of boring can be measured precisely and in a simple
arrangement that does not contain means measuring in
dynamic state such as a gyroscope in a situation where
obstacles such as structures exist or even in a common case
where the position of underground boring is to be measured
along a desired course of boring without open cut of the
ground.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a view showing a schematic composition
of a boring system for non-open cut working method pro-
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vided with an underground boring position measuring appa-
ratus according to the present invention.

[0035] FIG. 2 is a view showing a part of the boring bit in
FIG. 1.
[0036] FIG. 3 is a view showing the relation among a

gravitational vector, a terrestrial magnetism vector and a
direction vector of the boring bit in the coordinate system
established on the point for measurement.

[0037] FIG. 4 (a) is a view showing the directions of the
direction vector of the boring bit in three directional com-
ponents when the boring bit is rotated around x axis by w,
and (b) is a view showing the direction of the direction
vector of the boring bit for three directional components
when the boring bit is inclined around y axis by ¢ from the
state of (a).

[0038] FIG. 5 is a flowchart showing the sequence of
measuring boring position.

[0039] FIG. 6 is a view showing the composition of a
sensor data sending portion provided on the side of the
boring bit.

[0040] FIG. 7 is a view showing the composition of a
receiving portion provided on the ground side.

DETAILED EXPLANATION OF PREFERRED
EMBODIMENTS

[0041] Embodiments of the present invention will be
explained below.

[0042] With the position measuring apparatus in a boring
system for non-open cut working method according to the
present invention, measurement of position is performed so
as to enable boring with the top position of boring specified
precisely without performing open cut of the ground even in
a site where there are obstacles such as structures and
further, in general, measurement of position is performed so
as to enable boring with the top position of boring specified
precisely without performing open cut of ground in a large
scale.

[0043] FIG. 1 shows a schematic composition of a boring
system for non-open cut working method provided with an
underground boring position measuring apparatus according
to the present invention and FIG. 2 shows a composition of
a boring bit and sensors, etc. contained therein integrally. A
boring system for non-open cut working method 1, which
comprises a rod array 10 for boring and a boring bit 20
provided at the top end of the rod array 10, bores ground by
means of the boring bit 20 to advance underground with
successive addition of rods. Sensor data sending portion 21
for measurement of position is provided within the boring
bit 20 and position measurement data is sent to a calculation
processing unit 30 via the rod array 10.

[0044] With the underground boring position measuring
apparatus, the angle from the reference direction (posture) of
the boring bit advancing underground is detected by use of
an accelerometer for measuring gravitational acceleration
and a magnetic sensor for measuring terrestrial magnetism,
and the position of boring is obtained by calculation using
these obtained gravitational acceleration and terrestrial mag-
netism along with distance of boring. While a global coor-
dinate system is x y z-coordinate system established on the
ground, the x'y'7'-coordinate system moving and rotated
along with the advancing boring bit provided with an
accelerometer and a magnetic sensor is called as a local
coordinate system, in the following explanation.
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[0045] FIG. 3 shows a terrestrial magnetism vector m and
a direction vector p of the boring bit in the global coordinate
system in which the magnetic north is in x direction and the
gravitational vector s in z direction, at the point of measure-
ment. In the shown state, the direction of the boring bit is in
zx-plane, ¢ is an inclination angle from the horizontal plane
and the terrestrial magnetism vector m is also in zx-plane.

[0046]

£=(0,0,g0) )

The gravitational vector g is expressed as

where g, (m/s?) is the magnitude of gravitational accelera-
tion. The terrestrial magnetism vector m is in zx-plane and
expressed as

m=(mg cos 1,0,mq sin I) 2)

where m, (nT) is the magnitude of terrestrial magnetism and
1 is a depression angle.

[0047] Letting the advancement direction of the boring bit
be in x direction, it is considered how the respective direc-
tion vectors i, j; and k_ (taken as unit length vectors) in x,
y and z direction of the sensor within the boring bit in a
situation where the boring bit is rotated around x axis by an
angle o and inclined from the horizontal plane by an angle
¢ are expressed. At first, when i, direction of the sensor is
aligned with +direction of x axis, j, direction of the sensor
is aligned with +direction of y axis and k, direction of the
sensor is aligned with —direction of z axis, after which the
accelerometer is rotated counterclockwise around x axis by
an angle m, then i, j, and k_ take the positions as shown in
FIG. 4(a) respectively. The left half of FIG. 4 (a) shows
projection onto zx-plane and the right half of FIG. 4 (a)
shows projection onto yz-plane. Further, the accelerometer
is inclined from the horizontal plane (xy-plane) around y
axis by an angle ¢ as shown in FIG. 4 (b). The left half of
FIG. 4 (b) shows projection onto zx-plane and the right half
of FIG. 4 (b) shows projection onto yz-plane. At this time,
the direction vectors i, j, and k, for three directional com-
ponents in the sensor are as follows.

x direction: i =(cos ¢,0,sin ¢) 3)
y direction: j=(sin ® sin ¢,cos w,~sin w cos ¢) 4
z direction:k,=(cos ® sin y,-cos ®w,—cos ® cos ¢) (5)
[0048] In such a manner, the direction vector i, j, and k,

in x, y and z directions of the sensor within the boring bit in
a state where it is rotated around x axis by an angle ® and
inclined from the horizontal plane by an angle ¢ are
expressed by the equations (3) to (5) above. Next, the
direction vectors i, j,, and k, are rotated around z axis by an
directional angle 6. In this case, the rotation vector R0 is as
follows.

[Eq. 1]
cosf —sinf 0 6)
Rg =] sinf cosf 0O
0 0 1
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[0049] The direction vectors i, j, and k. after rotation
become as follows.

i.'=R06i =(cos ¢ cos 6,cos ¢ sin 6,sin ¢) (7

J¢'=R6j =(cos 0 sin w sin ¢-sin 6 cos w,sin O sin ®
sin ¢+cos O cos w,—sin w cos ¢) (®)

k,'=ROk.,~(cos 0 cos w sin ¢+sin O cos w,sin O sin ®
sin ¢p-cos O sin ®,—cos w cos ¢) ()]

[0050] Consequently, respective components of the grav-
ity (g, 8,, &.) and the terrestrial magnetism (m,, m,, m,) are
obtained as follows.

2x=8o 8in ¢,g, =g, sin ® cos ¢,g,=—g, cos W cos ¢ (10)
m,=mg(cos O cos ¢ cos [+sin ¢ sin [) (11)

m,=m(cos 6 sin o sin ¢ cos /-sin 6 cos ® cos
I-sin o cos ¢ sin [) (12)

m,=mp(cos O cos  sin ¢ cos [+sin O sin w cos
I-cos o cos ¢ sin [) (13)

[0051] Next, the case is considered where a magnetic
sensor is provided within a boring bit made of iron. In the
case where a magnetic sensor is provided within a boring bit,
the output of the sensor is largely distorted due to magnetic
noise caused by the iron pipe present in circumference and
the base plate attaching the sensor. In this case, the output of
the sensor is formulated by considering the following cor-
rection coefficient and offset.

[0052] The output of the sensor (V,, V, V)7 is as follows.

[Eq. 2]

Ve l—ay 0 0 My Veo 14
Vil=s| © 1- 0 my | +]| Vyo
v, 0 0 l-o3M\m, Vo

[0053] Here, S is sensitivity of the sensor (V/nT), m,, m,,
m, are components of actual terrestrial magnetism respec-
tively and V,,, V,,,
When base plates or iron pipes are present in the circum-
ference of the magnetic sensor, it is foreseen that the offsets
Veos Vyos V,,, become large due to these permanent magne-

tism. Also, «;, o, and a5 are correction coefficients for

V., are offsets of the output voltage.

03

respective components that are positive numbers not exceed-
ing 1 (1=a,<1; =1, 2, 3). Such correction coeflicients can be
established since induced magnetism in the iron pipe due to
the terrestrial magnetism acts so as to cancel the terrestrial
magnetism inside of the iron pipe. With experiment of
measurement, a is no less than 0.6 and several to about 30%
of the magnitude of the actual terrestrial magnetism is
observed.

[0054] Next, it is considered to obtain the correction
coeflicients and offsets of respective components. With the
boring bit being horizontal (¢=0) and rotation angle w being
0 (xy-plane being coincident with the horizontal plane), the
following is obtained from (2) to (6), (14).
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[Eq. 3]
Ve 1-0o 0 0 cosfcos! Vo (15)
Vy | = Smo[ 0 l-ap O ][ —sinf cos/ ] +| V3o
V, 0 0 1 —a3 \ —sin/ Vo
[0055] Here, m, is the magnitude of the terrestrial mag-

netism, 6 is a directional angle and [ is a depression angle of
terrestrial magnetism.

[0056] Directing the boring bit to the magnetic north and
setting 0 to be 0, output voltage of the sensor in x direction
is measured at first. Following to this, measurement is
performed similarly, setting 6 to be m/2, 7, 37/2 respectively.
Then, following four equations are obtained from (15).

Vi =Smo(1-ay)cos I+V,, (16)

Viy=Vxo (17)

Vizy==Smo(1-0,)cos I+V,, (18)

Ver=Veo (19)
[0057] The offset V., in x direction is obtained from the
total sum of (16) to (19) as follows.

Vo= Vet Vet Vit Va4 (20)
[0058] Further, the following is obtained from (16)-(17)-
(18)+(19).

Sto(1=a )=V 15~ Vaeay=Veayt Vaay)/2 c08 1)
[0059] In a similar manner, the offsets V,,, and correction
coeflicients in y direction of the sensor are as follows.

VeVt Voot Vaart V)4 22)

Sto(1-0)=(V 1y~ Vo VaaytVpar)/2 cos 1 (23)
[0060] Regarding z direction, measurement with w

changed is necessary, since the obtained becomes a same
value by merely rotating the boring bit in the horizontal
plane. Thus, x direction of the sensor is directed to the
magnetic north (6=0) with setting so as to be ®=0, making
7 axis reversed. With measurement varying 6 to be 0, /2, m,
3n/2, following four equations are obtained from (15).

Vo =—Smo(l-az)sin I+, (24)
Vaoy==Smo(1-az)sin +V,, (25)
Vozy=—Smo(l-az)sin I+, (26)
Voay=—Smo(l-a3)sin I+, 27
[0061] In the case of w=m, the following is obtained.
Vasy=Smo(1-az)sin [+, (28)
[0062] Calculation of the offsets and correction coefli-

cients can be made with equation (28) and one of equations
(24) to (27). However, the offsets and correction coefficients
are rather obtained from the following equations that use all
of equations (24) to (27), since it is also considered that
rotation is not made to be in the complete horizontal plane
in actual measurements.
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[Eq. 4]
voZ Vas) N V) + V) + V) + Vg 29
0 — 2 8
[Eq. 5]
v V) + Vaey + V) + Ve (30)
£ e E—
4
Smo(l —az) =
mo(l —a3) 2sinf
[0063] Rewriting Sm,(1-a,), Smy(1-c.,), and Sm,(1-a,)

as f;, B, and f3; respectively, the following is obtained from

(15).

[Eq. 6]
Vi B 0 0 m) Vio (BD
v, 0 0 B {my) Vo
[0064] Here, (m,), (m,} and {(m,} are respective compo-

nents of the terrestrial magnetism vector normalized by the
magnitude of terrestrial magnetism.

[0065] The respective normalized components of the ter-
restrial magnetism vector {m_ ), {m,) and {m,) become as
follows from (31).

[Eq. 7]
{mx) (V2 = Vo) [ 1 32)
[<my> ] +[ (Vy=Vy0)/ B2 ]
mz) (Vo= Vo)/Bs
[0066] In the method explained heretofore, if the correc-

tion coeflicients 3, f, and §; and the offsets of the sensor
V.o V,, and V,_ have been obtained, (m,}, (m,} and (m,

) can be obtained from (31) using observed values V,, V, and
Vv

[0067] In the next, a method for calculating direction
angle 0 using the components of terrestrial magnetism is
explained. Respective normalized components of terrestrial
magnetism are expressed from (11) to (13) using the direc-
tional angle 0, inclination angle ¢, rotation angle of the
sensor o and depression angle of terrestrial magnetism I, as
follows.

<mx>:cos 0 cos ¢ cos [+sin ¢ sin (33)

<my>:cos 0 sin o sin ¢ cos I-sin O cos w cos I-sin
w cos ¢ sin [ 34)

<mz> =cos 0 cos w sin ¢ cos [+sin O sin ® cos I-cos
w cos ¢ sin [ (35)

[0068]
follows.

The directional angle 0 is obtained from (33) as
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[Eq. 8]

{my) —singsin/ (33)
cos ¢ cos |

cosf =

[0069] Consequently, 8 becomes as follows.
[Eq. 9]
. cos’l(<mx> —sing sinl) (36)
cos ¢pcos
[0070] Here, it is necessary to obtain the depression angle

1 by measurement using a depression angle measurer, etc.,
and to obtain the inclination angle ¢ from respective com-
ponents of the gravitational acceleration.

[0071] In obtaining O through cos™ by (36), 0 is obtained
as two values of first and fourth quadrants respectively for
a positive value in (). It is determined according to the sign
of sin 6 which of the two values the 0 takes. That is, 6
becomes as follows.

[Eq. 10]
ezcos*(w]._(sme;m S
cos ¢pcos
[Eq. 11]
Ozh—cos’l(w]...(sin0<0) 38
cos ¢ cos |

[0072] The following is obtained from (34)xcos w—(35)x
sin .
(my) cos w—(mz> sin w=-sin O cos I (39)
[0073] (39) results in as follows for sin 6.
sin 0:(—<my) cos 0)+<mz> sin w)/cos I (40)
[0074] Further, the following is obtained from (33).
cos 0:(<mx> —sin ¢ sin I)/cos cos I (33)
[0075] Thus, 0 can be obtained also through tan™' as
follows.
[Eq. 12]
9= tan-! (=({my)cos w + (m,)sinw) /cos I 41)
=t ( ({myy —singsinl) /cos ¢ cos I ]
o —{my)cos w + {m)sin w
=tan (((mx> —sin¢gsinl)/cos ¢]
[0076] The rotation angle w and inclination angle ¢ in (41)

can be obtained in a relatively easy manner from data given
by the accelerometer.

[0077] In the next, the way for determining the rotation
angle m and the inclination angle ¢ used to determine the
directional angle 6 is explained. Letting the output voltage
of the accelerometer sensor be (w,, w,, w_)7, the following
formalization is made.
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[Eq. 13]

Wy &\ sing Weo 42)
wy | =1 & [—sinwcos¢]+ Wyo
Wy g, Ncoswcos ¢ Wio

[0078] Here, tis the sensitivity of the accelerometer sensor
[V/(m/s?)], g, is the absolute value of gravity, w_,, ., and

x0° Y¥yo’

w,, are the offset components in respective directions.

[0079] At first, the way for obtaining the offset and sen-
sitivity of the sensor by calibration is explained. The incli-
nation angle ¢ becomes 0 when acceleration is measured
with the rod being horizontal. Then, (42) is simplified as
follows.

[Eq. 14]
Wio 0 Wio “43)
Wy | = [go[ —sinw ] +| Wyo
W cos w Weo

[0080] In measuring with the rotation angle w varied to be

0, /2, © and 37/2, the output voltage of the respective

components becomes as follows.
[0081] x component:

Wa(1)T™Wx2) = Wx@3)™ Wxd)

[0082] y component:

Wiy ™We3)™ Wyo Wy2) =180t Wyor
Wyay=Igot W,

[0083] z component:

We1) =180t Woo W) =We(a)y =Wzor

W@y~ =180t Wso

[0084] Here, in the attached denotation to the offset com-
ponents, (1), (2), (3) and (4) denote that these are of the
output voltages when (1) “w=0", (2) “o=m/2", (3) “w=r"
and (4) “w=3m/2” respectively.

[0085] From the above, the offsets in respective direction
are obtained by the following equations.
on:(Wx( 1)+WX(2)+WX(3)+WX(4))/4 44)
Wyo =Wy 1yt W2yt Wyt Way) /4 “3)
W= (W 1y Wyt WaoayH Wogay /4 (46)
[0086] Further, the following equation is obtained as to the
sensitivity t of the sensor.
1= (Wo(1y= W, 0~ WaayFWya))/4 @7
[0087] Replacing tg, by v, the acceleration components

(g, (g, and (g,)normalized by g, are obtained using
observed value (w,, w,, w,)7 as follows.
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[Eq. 15]
(g sin ¢ (W =wio) Y (43)
(gy>] = [—sinwcos¢ ] = [ (wy —Wyo)/y]
{g) €OS (0 COS P (w,—wyp)ly

[0088] In the next, the way for obtaining the inclination

angle ¢ and the rotation angle o from ({g,), (g,) and (g.))"

obtained through measurement is explained.

[0089] Since sin ¢=(g ) from (48), ¢ becomes as follows.
g=sin!{g.) (49)

[0090] Further, considering —sin @ cos $=(g,), cos w cos
¢=(g,) in (48), and

[0091] using the following relation:
tan gy = S _ gy /eosd —(gy) [Eq. 16]
cosw  {g)/cosp (g
[0092] o becomes as follows.
o-tan~'({g,) Ag.)) (50)
[0093] When the directional angle 6 and the inclination

angle ¢ are obtained, the position vector of top position of
the rod becomes as follows.

Li/=(L cos ¢ cos 0,L cos ¢ sin 6,L sin ¢)

[0094] Here, L is the length of the rod. In the case where
boring is performed adding rods successively, the final
position can be calculated by summing position vectors of
respective rods sequentially. That is, the directional angle 6
and the inclination angle ¢ at a position are obtained from
the values measured with the sensors. Then, using the
obtained direction and the movement distance of a rod
having advanced in boring, the amount of varied position
vector is obtained. A series of such operations are accumu-
lated sequentially according to addition of rods.

[0095] The top position of the boring bit when such boring
in N times along with successive addition of rods has been
performed is expressed by the following equation.

[Eq. 17]

N (€28
Z L; cos ¢ cos 6;

i=1
XN N
| = Z L; cos ¢; sin6;
i=1
>

L; sing;

[0096] Here, x,, v, -and z, are respective coordinates after
boring in N times and L,, 8, and ¢, are the length, directional
angle and inclination angle of i-th rod respectively. In this,
i=1 corresponds to the case where boring is performed with
the first rod, i=2 corresponds to the case where boring is
made with the second rod added and further rod is added
successively for each step of boring. This manner of obtain-
ing the underground boring position is based on approxi-
mating the course of boring with successive addition of rods
by a polygonal line.
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[0097] Procedure of measuring the position of boring
corresponding to boring and addition of rods will be
explained.

[0098] At first, the depression angle I of the terrestrial
magnetism is measured with a magnetic sensor before
boring. The value of 1 obtained at this time does not change
at the time when boring is performed. At the time of boring,
the inclination angle ¢ from the horizontal plane is obtained
by (49) from the value measured by an accelerometer
integral with the boring bit and the rotation angle w around
X axis is obtained by (50). In the next, the directional angle
0 is obtained by (41) from the obtained inclination angle ¢
and rotational angle w around x axis along with the mea-
sured value by a magnetic sensor. Further, the amount of
varied position according to boring by a length correspond-
ing to a rod is obtained for each directional component from
the inclination angle ¢, rotation angle 6 and length corre-
sponding to a rod. The amount of varied top position of the
boring bit by successive boring in N times is obtained by
(D).

[0099] FIG. 5 is a flowchart showing these procedures. In
Step (1), the measurement of the depression angle I is
performed only at the first time. In Step (2), the direction of
the boring bit is obtained. In Step (3), boring corresponding
to the length of a rod is performed. In Step (4), calculation
of the varied amount of position is performed for each step
of boring corresponding to the length of a rod. Procedure
after the boring corresponding to the length of a rod depends
on the operation command signal as to whether further
boring is to be performed or boring is to end. In the case of
performing further boring (YES), Steps (2) to (4) are
repeated. In the case to end boring (NO), position of boring
is calculated according to the amount of varied position
accumulated until then in Step (6).

[Underground Boring Position Measuring Apparatus]

[0100] The underground boring position measuring appa-
ratus is composed to comprise a sensor data sending portion
provided within a boring bit 20 provided at the top of a rod
10 for boring of a boring system for non-open cut working
method and a calculation processing portion 30 on the
receiving side provided in a station established on the
ground, as shown in FIG. 1.

[0101] FIG. 6 shows the composition of the sensor data
sending portion 21 provided within the boring bit 20, which
is equipped with a three axis accelerometer 22 as a posture
detecting sensor, a three axis magnetic sensor 23, an MPU
24, a power regulator 25 and a signal amplifying-sending
portion 26, and which may be composed so as to provide
these elements implemented on a base plate for sending
position measurement data. Measurement data for obtaining
the posture of the boring bit is acquired through analog to
digital conversion of values measured with the three axis
accelerometer 22 and data for obtaining the directional angle
is acquired through analog to digital conversion of values
measured with the three axis magnetic sensor 23. These data
are processed by the MPU 24 to be data for sending, which
are sent to a calculation processing portion 30 via the signal
amplifying-sending portion 26.

[0102] As shown in FIG. 7, the calculation processing
portion 30 may be composed so as to comprise a part, in
which a sending portion 31, an MPU 32, a power regulator
33 and an interface 34 are implemented on a base plate for
receiving position measurement data, and a calculation
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processing unit (not shown). The sending portion 31
receives data sent from a measurement data creating portion
on the sending side, performs filtering and sends the data to
the MPU 32, which sends the data to the calculation pro-
cessing unit via the interface 34. The calculation processing
unit, which may be a usual personal computer, extracts data
out of the acquired data and performs calculation processing
for obtaining the posture and direction of the boring bit and
further for obtaining the position of boring corresponding to
boring—addition of rods to display the result on a monitor
(not shown).

[0103] With the calculation processing unit, calculation is
performed such that the inclination angle ¢ from the hori-
zontal plane and the rotation angle w around x axis are
obtained from the measurement values acquired by the three
axis accelerometer; the directional angle 0 is obtained from
the obtained inclination angle ¢ and rotation angle w around
x axis, the measurement values acquired by the three axis
magnetic sensor and the depression angle I measured with
the three axis magnetic sensor on the ground before boring;
the amount of varied position by boring corresponding to the
length of a rod is obtained for each directional component
from thus obtained inclination angle ¢, directional angle 6
and length L. of a rod; and then the position of boring in
plural times with successive addition of rods is obtained
through accumulating the amount of varied position for each
directional component obtained for boring at each of plural
times.

[0104] As to the data sending system for sending data
from the sending side to the receiving side, an arrangement
may be employed such that the signal of data is modulated
in the signal amplifying-sending portion 26 and sent to the
receiving side via the cable provided in the rods or such an
arrangement may be employed such that oscillation is gen-
erated in the signal amplifying-sending portion 26 using a
giant-magnetostriction element and the vibration is brought
to the rods and received with a giant-magnetostriction
element or a microphone on the receiving side.

[0105] While an example of detecting the posture of the
boring bit with the three axis accelerometer provided inte-
grally within the boring bit as a posture detecting sensor,
another posture detecting may be employed such as detec-
tion of inclination angle from a reference direction with an
inclination sensor. As to the inclination sensor, there are one
using liquid that detects inclination of liquid surface or
uneven distribution of gas foam, one using a weight that
measures eccentricity of the weight to obtain the inclination
angle or the like. Also by employing such an inclination
sensor, it is possible to acquire data for obtaining the
position of boring similarly as the three axis accelerometer.
In recent years, inclination sensors are produced such that it
can measure a small inclination angle near to the horizon
with a high preciseness. As such, it is also considered to
measure the position of boring more precisely using an
inclination sensor in the case where a small inclination angle
near to the horizontal plane is important.

APPLICABILITY IN INDUSTRY

[0106] According to the present invention, measurement
of underground boring position can be performed with an
apparatus having a simple and less expensive composition
that employs a posture detecting sensor as a static measuring
means and a three axis magnetic sensor. The techniques can
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be applied to performing working with boring or survey in
a site where there are obstacles such as structures on the
ground.

[0107] Further, as to an common working with boring, the
techniques can be applied to precise measurement of under-
ground boring position in a non-open cut working that is
performed without open cut of the ground in a large scale.

EXPLANATION OF DENOTATION

[0108] 1 boring system for non-open cut working
method

[0109] 10 rod array

[0110] 20 boring bit

[0111] 21 sensor data sending portion

[0112] 22 three axis accelerometer

[0113] 23 three axis magnetic sensor

[0114] 24 MPU

[0115] 25 power regulator

[0116] 26 signal amplifying-sending portion

[0117] 30 calculation processing portion

[0118] 31 receiving portion

[0119] 32 MPU

[0120] 33 power regulator

[0121] 34 interface
1. A method for measuring underground boring position
using a posture detecting sensor and a three axis magnetic
sensor for measuring a terrestrial magnetism provided inte-
grally within a boring bit disposed at the top of a rod array
in measuring a position of boring at the time of underground
boring using a boring system for non-open cut working
method that is equipped with the rod array with the boring
bit attached at the top thereof and performs underground
boring with successive addition of rods, comprising steps of:
establishing an xyz-coordinate system with z axis in the
direction of gravity and x axis in the direction to the
magnetic north and measuring the terrestrial magne-
tism on the ground with the three axis magnetic sensor
to obtain a depression angle I of the terrestrial magne-
tism before boring,
obtaining an inclination angle ¢ of the boring bit from a
horizontal plane and a rotation angle w of the boring bit
around x axis from a value measured by an acceler-
ometer integral with the boring bit at the time of boring,

obtaining a directional angle 6 of the boring bit from the
obtained inclination angle ¢ and the rotation angle m
around x axis along with the measured value by the
three axis magnetic sensor and the depression angle I of
the terrestrial magnetism obtained before boring,

obtaining an amount of varied position according to
boring by a length corresponding to a rod for each
directional component from the obtained inclination
angle ¢, rotation angle 6 and length corresponding to
the rod, and

accumulating the amount of varied position obtained in

respect of boring in plural times for each directional
component to obtain the position of boring correspond-
ing to boring in plural times with successive addition of
rods.

2. A method for measuring underground boring position
according to claim 1, wherein, in order to correct a distortion
in an output of the three axis magnetic sensor due to the
boring bit itself containing the three axis magnetic sensor or
magnetic materials present near a course of boring, the
method further comprises steps of:
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obtaining correction coefficients and offsets from the
output of the three axis magnetic sensor with the boring
bit set to be in plural directions, one of which is a
direction in the direction to the magnetic north and
another of which is a direction changed from the one,
before the boring, and

obtaining each directional component of the terrestrial

magnetism from the output of the three axis magnetic
sensor along with the obtained correction coefficients
and offsets.

3. A method for measuring underground boring position
according to claim 1, wherein

the posture detecting sensor is a three axis accelerometer

measuring a gravitational acceleration.

4. An underground boring position measuring apparatus
used in underground boring with a boring system for non-
open cut working method that is equipped with a rod array
and a boring bit at the top thereof and performs underground
boring with successive addition of rods, comprising;

a posture detecting sensor,

a three axis magnetic sensor for measuring a terrestrial

magnetism, and

a calculation processing portion having a calculation

processing unit for a calculation processing of mea-
surement data acquired by measurement with each of
the posture detecting sensor and the three axis magnetic
sensor to obtain a position of the boring bit through
underground boring;

wherein the calculation processing unit performs the

calculation processing of:

obtaining an inclination angle ¢ of the boring bit from a

horizontal plane and a rotation angle w of the boring bit
around x axis from a value measured by an acceler-
ometer integral with the boring bit at the time of boring
on the basis of an xyz-coordinate system with z axis in
the direction of gravity and x axis in the direction to the
magnetic north established on the ground before bor-
ing,

obtaining a directional angle 6 of the boring bit from the

obtained inclination angle ¢ and the rotation angle
around x axis along with the measured value by the
three axis magnetic sensor and a depression angle I of
the terrestrial magnetism measured on the ground
before boring,

obtaining an amount of varied position according to

boring by a length corresponding to a rod for each
directional component from the obtained inclination
angle ¢, rotation angle 6 and length corresponding to
the rod, and

accumulating the amount of varied position for each

directional component in respect of boring in plural
times to obtain the position of boring corresponding to
boring in plural times with successive addition of rods.

5. An underground boring position measuring apparatus
according to claim 4, wherein

the calculation processing unit performs the calculation

processing for obtaining correction coefficients and
offsets from an output of the three axis magnetic sensor
with the boring bit set to be in plural directions, one of
which is a direction to the magnetic north and another
of which is a direction changed from the one, before
boring, and

the calculation processing unit further obtains each direc-

tional component of the terrestrial magnetism from the
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output of the three axis magnetic sensor along with the
obtained collecting coefficients and the offsets to cor-
rect distortion in the output of the three axis magnetic
sensor due to the boring bit itself containing the three
axis magnetic sensor or magnetic materials present near
a course of boring.
6. An underground boring position measuring apparatus
according to claim 4, wherein
the posture detecting sensor is a three axis accelerometer
measuring a gravitational acceleration.
7. A method for measuring underground boring position
according to claim 2, wherein
the posture detecting sensor is a three axis accelerometer
measuring a gravitational acceleration.
8. An underground boring position measuring apparatus
according to claim 5, wherein
the posture detecting sensor is a three axis accelerometer
measuring a gravitational acceleration.

#* #* #* #* #*
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