10

15

20

25

30

35

[DESCRIPTION]
[Title of Invention]
SURVEY SYSTEM AND SURVEY METHOD

[Technical Field]
[0001]

The present invention relates to a survey system and a survey method.

[Background Art]

[0002]

Conventionally, there is survey related technologies using a characteristic mark (sign).
For example, Patent Literature 1 discloses a target mark for a relative position posture
measurement composed of four marks provided on a same plane and one mark provided
on a different plane, and giving feature quantity these marks. Patent Literature 2
discloses a survey system including a prism and a total station that emits distance
measuring light to the prism and measures a distance based on reflected distance
measuring light from the prism. Patent Literature 3 discloses a surveying support device
including an image acquisition part, an image analysis processing part using a
designated mark, and a work support part. Patent Literature 4 discloses a target device
provided with a spiral pattern display on a surface.

[0003]

Patent Literature 5 discloses an automatic collimation device having a computer
comparing measurement data with structure design data. Patent Literature 6 discloses a
2D bar code attached to a steel structure member. Patent Literature 7 discloses a
measurement program sounding a warning sound or displaying an error on a display
screen for calling attention when a detection mark cannot be detected from image data.
Patent Literature 8 discloses a measuring device having a terminal comparing a
predetermined measurement scheduled position with a measurement position of a
reflection prism measured by a position measuring device, calculating a positional
relationship, and graphically displaying the positional relationship between the
measurement scheduled position of the reflection prism and an actually measured
measurement position on a display part of the terminal.

[Citation List]

[Patent Literature]

[0004]

[PTL 1]

Japanese Unexamined Patent Application Publication No. Hei 05-149748
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[PTL 2]
Japanese Unexamined Patent Application Publication No. 2016-138802

[PTL 3]

Japanese Unexamined Patent Application Publication No. 2017-151013
[PTL 4]

Japanese Unexamined Patent Application Publication No. 2019-011341
[PTL 5]

Japanese Unexamined Patent Application Publication No. 2017-201281
[PTL 6]

Chinese Unexamined Patent Application Publication No. 104778488
[PTL 7]

Japanese Unexamined Patent Application Publication No. 2017-015445
[PTL 8]

Japanese Unexamined Patent Application Publication No. 2017-072442

[Summary of Invention]

[Technical Problem]

[0005]

In normal survey, a surveyor measures coordinates (3D coordinates, 3D coordinate
values) of a target sheet by installing a special survey target sheet (reflection sheet) to a
survey object of an architecture such as a pole or a building, installing a survey machine
to a position (facing position) located in front of the target sheet, collimating the target
sheet with a telescope of the survey machine, and ranging with the survey machine.
[0006]

The survey machine irradiates laser in a collimation direction of the telescope at a
ranging time, and detects an intensity of a reflected light of the laser reflected from the
target sheet. The laser light is reflected from the survey machine on the target sheet, and
the reflected light returns from the target sheet to the survey machine. Since the reflected
light detected by the survey machine reciprocates a distance from the survey machine to
the target sheet, a delay occurs by a reciprocating distance, and this delay becomes a
phase difference. The survey machine calculates the distance to the target sheet based
on the phase difference and measures the coordinates of the target sheet.

[0007]

In the measurement of the coordinates of the target sheet, it is necessary that the
reflected light returns with a constant intensity, for example, if an incident angle of the
laser to the target sheet is set to be within about 45 degrees in the right and left from a
position of the survey machine facing the target sheet (located in front of the target
sheet), the survey machine can measure the coordinates of the target sheet. But the
intensity of the reflected light becomes weaker as the incident angle is larger. The
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intensity of the reflected light detected by the survey machine varies depending on a
brightness of an environment. For these reasons, it is preferable that the survey machine
is located at the position facing the target sheet. Therefore, the surveyor installs the
survey machine at the position facing the target sheet, and there is a problem that it takes
time and effort to install the survey machine. In addition, when the surveyor looks at the
telescope of the survey machine and manually collimates with the target sheet, a
collimation accuracy to the target sheet depends on a skill of the surveyor, and there is a
problem that human error for the collimation is likely to occur.

[0008]

Currently, the survey machine is equipped with an automatic collimation function, and
when the surveyor instructs an automatic collimation command to the survey machine
with the telescope facing the target sheet, the survey machine irradiates laser in a
collimation direction of the telescope, detects an intensity of a reflected light of the laser,
and determines a center position of the target sheet based on a light quantity distribution
of the reflected light. The same applies even if the target sheet is a prism for ranging.
Therefore, in the case of an automatic collimation, it is preferable that the survey machine
detects only the reflected light from a specific light reflecting object. On the other hand, in
the case of the automatic collimation, unless the incident angle of the laser is within about
15 degrees in the right and left from the position of the survey machine facing the target
sheet, the survey machine cannot properly detect the intensity of the reflected light from
the target sheet, and there is a problem that it is impossible to collimate a specific target
sheet. Also, if an architecture has light reflectors besides the target sheet, or if two or
more target sheets are in close proximity, when the surveyor uses the automatic
collimation function, because of the reflected light from multiple light reflectors, the survey
machine cannot appropriately detect the intensity of the reflected light from the specific
target sheet, and there is a problem that this collimation accuracy is lowered.

[0009]

In addition, when two or more target sheets are close to the architecture, if the surveyor
collimates the target sheet with the telescope, the surveyor may confuse which target
sheet was collimated, and there is a problem that it is possible to mistakenly associate
measured values of the measured target sheet with different target sheet.

[0010]

Although the technique described in Patent Literature 1 can identify a mark, there is a
problem that information cannot be added to the mark itself. In the technique described in
Patent Literature 2, it is necessary to provide setting identification information separately
from a prism corresponding to the target sheet, and there is a problem that the
information cannot be added to the setting identification information itself. In the
technique described in Patent Literature 3, since a designated mark is provided on the
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target, there is a problem that the surveyor needs to install the survey machine at a
position facing the target in order to improve an accuracy of the measured values. In the
technique described in Patent Literature 4, it is necessary to provide a spiral pattern
display separately from the target, and there is a problem that information cannot be
added to the pattern display itself.

[0011]

In the techniques described in Patent Literatures 5, 7 and 8, there is a problem that
information cannot be associated with a mark. In the technique described in Patent
Literature 6, since a QR code (registered trademark) having a lot of fine grids is adopted
as a 2D bar code, there is a problem that the 2D bar code cannot be recognized at a
survey site.

[0012]

Accordingly, the present invention was created as a solution for the problems and aims at
providing a survey system and a survey method that can reduce time and effort of
surveying, collimate with high accuracy, and accurately associate measured values.
[Solution to Problem]

[0013]

The survey system according to the present invention includes a capturing control part, a
recognizing control part, an information displaying control part, a calculating control part,
an adjusting control part, a ranging control part, and an information storing control part.
The capturing control part captures a captured image including a 2D mark previously
installed on a survey object of an architecture using a telescope of a survey machine.
The recognizing control part detects a 2D mark image corresponding to the 2D mark in
the captured image as a captured pattern, and recognizes a specific identification pattern
corresponding to the captured pattern by collating the detected captured pattern with an
identification pattern of a 2D mark in a mark information table. The information displaying
control part acquires survey information including set values of 3D coordinates of the
survey object, the survey information associated with the specific identification pattern
from the mark information table when the recognition of the specific identification pattern
is completed, and displays the survey information on the captured image. The calculating
control part calculates differences between a mark center position of 2D coordinates of
the 2D mark image in the captured image and a center position of 2D coordinates of a
crosshair of the telescope. The adjusting control part adjusts a direction of the telescope
so that the center position of the crosshair matches the mark center position based on
the differences. The ranging control part ranges the mark center position as measured
values of 3D coordinates in a state where the center position of the crosshair matched
the mark center position using the survey machine. The information storing control part
stores the measured values in the mark information table in association with the 2D mark
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of the specific identification pattern and the set values of the survey information when the

ranging is completed.

[0014]

The survey method according to the present invention includes a capturing control step, a
recognizing control step, an information displaying control step, a calculating control step,
an adjusting control step, a ranging control step, and an information storing control step.

Each step of the survey method corresponds to each control part of the survey system.

[Advantageous Effects of Invention]
[0015]
According to the present invention, it is possible to reduce time and effort of surveying,

collimate with high accuracy, and accurately associate measured values.

[Brief Description of Drawings]

[0016]

[Fig. 1]

FIG. 1 is a schematic view of a survey system according to an embodiment of the present
invention.

[Fig. 2]

FIG. 2 is a functional block diagram of a survey system according to the embodiment of
the present invention.

[Fig. 3]

FIG. 3 is a flowchart for showing an execution procedure of a survey method according to
the embodiment of the present invention.

[Fig. 4A]

FIG. 4A is a diagram showing an example of generation of a 2D mark and a mark
information table.

[Fig. 4B]

FIG. 4B is a diagram showing an example of installation of the 2D mark.

[Fig. 5A]

FIG. 5A is a diagram showing an example of measuring a machine point of a survey
machine at a survey site, and capturing a captured image including the 2D mark.

[Fig. 5B]

FIG. 5B is a diagram showing an example of a captured image when the survey machine
is located in front of the 2D mark, and a captured image when the survey machine is

located in the slant for the 2D mark.



10

15

20

25

30

35

[Fig. 6A]

FIG. 6A is a diagram showing an example of a captured image when the survey machine
is located in the steep slant for the 2D mark, comparison of a captured pattern and an
identification pattern, and displaying error.

[Fig. 6B]

FIG. 6B is a diagram showing an example of displaying survey information on the
captured image, and calculating differences between a mark center position and a center
position of a crosshair.

[Fig. 7A]

FIG. 7A is a diagram showing an example of guidance displaying arrow marks and a
message in the captured image, and displaying a message when the center position of
the crosshair matches the mark center position.

[Fig. 7B]

FIG. 7B is a diagram showing an example of displaying measured values and accuracies
within control values, and a mark information table reflected measured values.

[Fig. 8A]

FIG. 8Ais a diagram showing an example of displaying measured values and accuracies
out of the control values, and a mark information table reflected measured values.

[Fig. 8B]

FIG. 8B is a diagram showing an example when plural 2D marks appear in one captured
image, and when plural target sheets appear in one captured image.

[Fig. 9A]

FIG. 9A is a diagram showing an example of capturing a captured image including a 2D
mark at a survey site.

[Fig. 9B]

FIG. 9B is a diagram showing an example of displaying measured values and accuracies
within control values, and displaying measured values and accuracies out of the control
values.

[Fig. 10]

FIG. 10 is a diagram showing an example of displaying survey information when plural
2D marks appear in one captured image.

[Fig. 11A]

FIG. 11A is a diagram showing an example of an angle, a captured pattern, a detection
rate, and a recognition rate in a 6 x 6 pattern.

[Fig. 11B]

FIG. 11B is a diagram showing an example of an angle, a captured pattern, a detection

rate, and a recognition rate in a 7 x 7 pattern.
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[Fig. 12A]

FIG. 12Ais a perspective view and a plan view showing an outline of an experimental site
using a 2D mark.

[Fig. 12B]

FIG. 12B is a diagram showing an example of captured images from the installation
position “1” to the installation position “3”.

[Fig. 13A]

FIG. 13A is a diagram showing an example of captured images from the installation
position “4” to the installation position “6”.

[Fig. 13B]

FIG. 13B is a diagram showing an example of an evaluation of installation positions,
sizes, and measurement results in Examples (2D marks) and Comparative Examples
(target sheets)

[Fig. 14A]

FIG. 14A is a perspective view showing an outline of an experimental site using paper
including plural 2D marks and 2D marks.

[Fig. 14B]

FIG. 14B is photographs showing a situation of the experimental site.

[Fig. 15]

FIG. 15 is a photograph showing an example of recognition of each of 2D mark images
appeared on one captured image.

[Fig. 16A]

FIG. 16Ais photographs showing an outline of paper including plural target sheets.

[Fig. 16B]

FIG. 16B is photographs showing results of automatic collimation for paper including
plural target sheets.

[Fig. 17A]

FIG. 17A is photographs showing other results of automatic collimation for paper
including plural target sheets.

[Fig. 17B]

FIG. 17B is photographs showing other results of automatic collimation for paper
including plural target sheets.

[Fig. 18A]

FIG. 18Ais a diagram showing examples when the 2D mark is square.

[Fig. 18B]

FIG. 18B is a diagram showing examples when the 2D mark is circular.

[Fig. 19A]

FIG. 19A is a diagram showing an example of Example of a 2D mark of a simple
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identification pattern, and Comparative Example of a 2D bar code of a complicated
identification pattern.

[Fig. 19B]

FIG. 19B is a perspective view and a plan view showing an outline of an experimental
site using marks of Example and Comparative Example.

[Fig. 20]

FIG. 20 is photographs of each installation position showing recognition results of
identification pattern with the 2D mark in Example.

[Fig. 21]

FIG. 21 is a display showing unrecognized results of identification pattern with the 2D bar

code of Comparative Example.

[Description of Embodiments]

[0017]

The preferred embodiments of the present invention will be explained below according to
the attached drawings; thereby the present invention will be clearly understood. The
embodiments below are examples materializing the present invention, and do not limit
the technical scope of the present invention.

[0018]

The survey system 1 (also referred to as a survey apparatus) according to the
embodiment of the present invention basically includes a survey machine 10, a survey
machine terminal device 11, a server 12, and a network 13. The survey machine 10 and
the survey machine terminal device 11 are carried by a surveyor and brought to a survey
site. At the survey site, a 2D mark 15 is installed on a survey object 14a (for example, a
pole head) of an architecture 14 (for example, a pole).

[0019]

Further, the survey system 1 may further include an office terminal device 16, and an
administrator terminal device 17. The office terminal device 16 is provided at a base such
as an office or a factory. The administrator terminal device 17 is carried by an
administrator, and brought to the survey site.

[0020]

The survey machine 10 is generally used at construction sites and civil engineering sites,
and enables an automatic collimation and an automatic tracking. The survey machine
terminal device 11 is a generally used computer, includes a small computer, and is
externally connected to the survey machine 10 or built-in the survey machine 10. The
survey machine terminal device 11 controls an operation of the survey machine 10 based
on a command from the surveyor. The survey machine terminal device 11 acquires

information from the server 12 and transmits a survey result from the survey machine 10
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to the server 12 via the network 13.

[0021]

The survey machine 10 includes a main body 100 and a (collimation) telescope 101. The
main body 100 is comprised to be rotatable in a horizontal direction. The telescope 101 is
provided to be rotatable in a vertical direction to the main body 100. Therefore, the
telescope 101 can rotate in the horizontal direction and the vertical direction to the survey
machine 10.

[0022]

The telescope 101 has a function of a digital camera and can capture an image (take a
picture) of an object in an observation direction (direction of an optical axis) of the
telescope. The digital camera includes a light receiving element (for example, a CCD
image element, or a CMOS image element) installed parallel to an optical axis of a lens
of the telescope 101. A center of a captured image of the light receiving element matches
the optical axis of the telescope, so a center position of a crosshair of the captured image
captured by the digital camera matches a measured position on a surface of the object
collimated and ranged by the telescope.

[0023]

The 2D mark 15 has an identification pattern that can be uniquely identified. The
configuration of the identification pattern is not particularly limited. For example, when the
2D mark 15 is a square, the identification pattern is a pattern obtained by forming plural
grids by dividing a vertical length evenly by a predetermined number and dividing a
horizontal length evenly by a predetermined number, and coloring each of grids with
white or black, and the identification pattern is configured to be uniquely identifiable. The
form of the 2D mark 15 is not particularly limited, and the 2D mark 15 may be a printed
matter, a sticker, a label, or the like, or may be directly printed or 3D printed on the survey
object 14a of the architecture 14. The shape of the 2D mark 15 is not particularly limited,
and the 2D mark 15 may be include a square, a rectangle, a circle, an ellipse, or the like.
[0024]

When a collimation of the telescope 101 of the survey machine 10 matches the center
position of the 2D mark 15 and a measuring command is input to the survey machine 10,
the survey machine 10 irradiates the center position of the 2D mark 15 with scanning light
from the telescope 101, the scanning light is reflected from a mark center position of the
2D mark 15, and the scanning light is incident on the telescope 101 again. The incident
reflected light is converted into a light received signal by the light receiving element of the
survey machine 10. The survey machine 10 detects a horizontal angle and a vertical
angle of the telescope 101 with an angle detector. Then, an electronic distance meter of
the survey machine 10 measures a sloped distance from the survey machine 10 to the
mark center position of the 2D mark 15 by using the light received signal. The electronic
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distance meter has a predetermined mode with a reflecting prism and a target sheet, and
a non-prism mode without a reflecting prism and a target sheet. In the present invention,
the non-prism mode is the basis. The main body 100 (measurement part) of the survey
machine 10 measures coordinates (3D coordinates, 3D coordinate values) of the mark
center position of the 2D mark 15 based on the detected horizontal and vertical angles of
the telescope 101 and the measured sloped distance as measured values of 3D
coordinates. For example, the coordinates of the mark center position of the 2D mark 15
are calculated based on 3D coordinates of a machine point of the survey machine 10.
[0025]

The server 12 is a generally used computer, and stores information from the survey
machine terminal device 11 in a storage medium and outputs information from the
storage medium. The server 12 is communicably connected to the office terminal device
16 and the administrator terminal device 17 via the network 13, and acquires and outputs
information to the office terminal device 16 and the administrator terminal device 17.
[0026]

The network 13 is communicably connected to the survey machine terminal device 11,
the server 12, the office terminal device 16, and the administrator terminal device 17,
respectively. The network 13 includes Wifi (registered trademark), LAN (Local Area
Network) via access point, WAN (Wide Area Network) via wireless base station, third
generation (3G) communication method, 4th generation (4G) communication method
such as LTE, 5th generation (5G) and later communication method, Bluetooth (registered
trademark), and specified low power wireless system.

[0027]

The office terminal device 16 and the administrator terminal device 17 are commonly
used computers, and include a desktop terminal device, a mobile terminal device with a
touch panel, a tablet terminal device, and a wearable terminal device. The office terminal
device 16 is operated by a third party such as an office or a factory, accesses the server
12 via the network 13, reads data of the server 12, and displays the data on the office
terminal device 16. The administrator terminal device 17 is the same as the office
terminal device 16.

[0028]

The survey machine terminal device 11, the server 12, the office terminal device 16 and
the administrator terminal device 17 include an input part for inputting a command, a
storage part for accumulating information, and a display part for displaying information.
The survey machine 10, the survey machine terminal device 11, the server 12, the office
terminal device 16 and the administrator terminal device 17 have a built-in CPU, ROM,
RAM, etc. (not shown), the CPU uses the RAM as a work area, and executes a program
stored in the ROM or the like. About below each control part, the CPU realizes functions

10
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of each control part by executing programs.

[0029]

Next, the configuration and the execution procedure according to the embodiment of the
present invention will be described with reference to FIGS. 2 to 10. First, when a user
such as a surveyor or an administrator instructs a generating command of a 2D mark 15
for survey by using the office terminal device 16 at a base site such as an office or a
factory, a generation control part 201 of the office terminal device 16 generates a 2D
mark 15 (FIG. 3: S101).

[0030]

The generation method of the generation control part 201 is not particularly limited. For
example, as shown in FIG. 4A, the generation control part 201 generates a 2D mark 15
having a specific identification pattern P by using a dictionary for the 2D mark 15 based
on the generating command of the user. The 2D mark 15 is comprised to be a square.
The identification pattern P of the 2D mark 15 is a pattern obtained by forming plural grids
by dividing a vertical length evenly by six and dividing a horizontal length evenly by six,
and coloring each of grids with white or black, and is comprised to be uniquely
identifiable.

[0031]

When the generation of the 2D mark 15 is completed and the user inputs predetermined
survey information {for example, set values (x0, y0, z0) of 3D coordinates}, a relating
control part 202 of the office terminal device 16 stores the survey information in
association with the generated 2D mark 15 (FIG. 3: S102).

[0032]

The survey information means information necessary for survey using the 2D mark 15,
and includes at least set values related to a survey result. For example, when the 2D
mark 15 is installed at a pole head 14a of a pole 14, the survey information may include
information related to the pole such as a survey site name, a street name, a section, and
control values of 3D coordinates in addition to the set values. The survey information may
include information related to a manufacture of the pole 14 (manufacturer, date of
manufacture, etc.). If the types of the architecture 14 and the survey object 14a are
different, the survey information is appropriately designed.

[0033]

The relating control part 202 is not particularly limited. For example, as shown in FIG. 4A,
the relating control part 202 accesses the server 12 via the network 13 and refers to the
mark information table 400 of the server 12. In the mark information table 400, 2D mark
item 401 and survey information item 402 are associated and stored as a database.
[0034]

Therefore, the relating control part 202 stores the previously generated 2D mark 15 in the

11
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2D mark item 401 of the mark information table 400, and also stores the previously input
survey information 403 {set values (x0, y0, z0)} in the survey information item 402 of the
mark information table 400. In this way, it is possible to associate the survey information
403 with the 2D mark 15.

[0035]

When the association of the survey information 403 is completed, and the user installs
the 2D mark 15 on the survey object 14a (for example, pole head) of the architecture 14
(for example, pole) (FIG. 3: S103).

[0036]

The installation method of the 2D mark 15 is not particularly limited. For example, when
installing the 2D mark 15 on the pole head 14a of the pole 14 at the survey site, as
shown in FIG. 4B, by the user bringing the 2D mark 15 to the survey site and attaching
the 2D mark 15 to the pole head 14a of the already existing pole 14, the 2D mark 15 can
be installed. When the 2D mark 15 is installed on the pole head 14a of the pole 14 in the
manufacturing factory of the pole 14, by a robot 404 for attaching the 2D mark 15
acquiring the 2D mark 15 from the server 12 or the office terminal device 16, and
automatically attaching the 2D mark 15 to the pole head 14a of the pole 14 manufactured
on a manufacturing line, the 2D mark 15 can be installed. In addition, if the robot 404 can
print in 3D with a 3D printer, the robot 404 may automatically print the 2D mark 15 in 3D
on the pole head 14a of the pole 14. Of course, in the manufacturing factory of the pole
14, the user may directly attach the 2D mark 15 to the pole head 14a of the pole 14.
[0037]

If there are plural survey objects, the process returns to S101 and the processes from
S101 to S103 are repeated.

[0038]

When the 2D mark 15 is installed on the pole head 14a of the pole 14 at the survey site,
or the pole 14 transported from the manufacturing factory of the pole 14 to the survey site
is installed at a predetermined position and the 2D mark 15 is installed on the pole head
14a of the pole 14, a preparation of the survey is complete.

[0039]

Therefore, a surveyor brings a survey machine 10 having the survey machine terminal
device 11 to the survey site, and as shown in FIG. 5A, the surveyor installs the survey
machine 10 at a place where the 2D mark 15 installed on the pole head 14a of the pole
14 can be seen. When the surveyor operates the survey machine 10 to measure a
machine point of the survey machine 10, the survey machine 10 measures 3D
coordinates (xm, ym, zm) of the machine point M (FIG. 3: S201).

[0040]

The measurement method of the coordinates (xm, ym, zm) of the machine point M is not

12
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particularly limited. For example, at the installation location of the survey machine 10, the
surveyor collimates and ranges two known points respectively, and measures the
coordinates (xm, ym, zm) of the machine point M of the survey machine 10 based on a
distance and an azimuthal angle of each of the two known points centered on the survey
machine 10. Other known methods may be used. By measuring the coordinates (xm, ym,
zm) of the machine point M of the survey machine 10, it is possible to calculate 3D
coordinates of the mark center position of the 2D mark 15 described later on the basis of
coordinates (xm, ym, zm) of the machine point M of the survey machine 10.

[0041]

When the measurement of the coordinates (xm, ym, zm) of the machine point M is
completed, the surveyor operates the survey machine terminal device 11, turns the
telescope 101 of the survey machine 10 to the 2D mark 15 on the pole head 14a of the
pole 14 automatically or manually, and instructs a capturing command to the survey
machine terminal device 11. Then, a survey machine capturing control part 203 of the
survey machine terminal device 11 captures a captured image including the 2D mark 15
on the pole head 14a of the pole 14 using the telescope 101 of the survey machine 10
(FIG. 3: S202).

[0042]

The capturing method of the survey machine capturing control part 203 is not particularly
limited. For example, as shown in FIG. 5A, the surveyor operates the survey machine
terminal device 11 while looking at the pole head 14a of the pole 14 with the telescope
101 or the survey machine terminal device 11, and collimates a vicinity of the pole head
14a including the 2D mark 15. Then, the survey machine capturing control part 203
captures a captured image seen by the telescope 101.

[0043]

While the surveyor looks at the vicinity of the pole head 14a including the 2D mark 15
with the telescope 101, as shown in FIG. 5B, the surveyor operates the survey machine
terminal device 11, and moves a center position C of a crosshair indicating a center
position (optical axis, focal point) of the captured image 500 in the captured image 500
toward the 2D mark 15. Then, the survey machine capturing control part 203 captures a
captured image seen by the telescope 101 with the movement of a direction of the
telescope 101. The survey machine capturing control part 203 may appropriately perform
focus processing that focuses on the 2D mark 15 appeared in the captured image 500
when the captured image 500 is captured.

[0044]

When the survey machine capturing control part 203 starts capturing the captured image,
a survey machine recognizing control part 204 recognizes a specific identification pattern
corresponding to the captured pattern by collating a captured pattern of a 2D mark image

13
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corresponding to the 2D mark 15 with an identification pattern of the 2D mark 15 in the
mark information table 400 (database) (FIG. 3: S203).

[0045]

The recognizing method of the survey machine recognizing control part 204 is not
particularly limited. For example, as shown in FIG. 5B, the survey machine recognizing
control part 204 detects a 2D mark image 501 in the captured image. When detecting the
2D mark image 501, the survey machine recognizing control part 204 may perform image
processing such as binarization processing, and facilitate the detection of the 2D mark
image 501.

[0046]

The detection method of the survey machine recognizing control part 204 is not
particularly limited. For example, the survey machine recognizing control part 204
searches a shape image corresponding to a shape of an identification pattern P in the
captured image 500, the shape image in which a peripheral end is colored with a
predetermined color (for example, black) as a 2D mark image 501, detects an internal
pattern except the peripheral end in the searched 2D mark image 501 as the captured
pattern Q. The shape image depends on the shape of the identification pattern P, and is
basically a square or a circle. But the shape image may be a rhombus or an ellipse
depending on the position of the survey machine 10 with respect to the 2D mark 15. In
this way, since the shape image is rare at the survey site, the 2D mark image 501 can be
immediately searched. Further, by using the peripheral end for search, and the internal
pattern except the peripheral end for the pattern, so that the 2D mark 15 can be given
two functions.

[0047]

In addition, when the survey machine recognizing control part 204 cannot search the 2D
mark image 501 in the captured images 500, or when the captured pattern Q cannot be
detected from the searched 2D mark image 501 (FIG. 3: S203NO), the survey machine
recognizing control part 204 displays an error to promote appropriate capturing of the 2D
mark 15 on the captured image 500 (FIG. 3: S204). In this way, it is possible to
encourage the surveyor to appropriately capture the 2D mark 15 with the telescope 101.
In this case, the process returns to S201 and the process is repeated.

[0048]

Next, the survey machine recognizing control part 204 accesses the server 12, refers to
the 2D mark 15 of the 2D mark item 401 of the mark information table 400, compares the
captured pattern Q of the detected 2D mark image 501 with the identification pattern P of
the referenced 2D mark 15, and determine whether or not the captured pattern Q

matches the identification pattern P.
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[0049]

For example, the determination whether or not the captured pattern Q matches the
identification pattern P is done by determining whether a color arrangement of grids
comprising of the captured pattern Q matches a color arrangement of grids comprising of
the identification pattern P. Specifically, as shown in FIG. 5B, so the identification pattern
P of the 2D mark 15 evenly divides the vertical length by six and evenly divides the
horizontal length by six, the survey machine recognizing control part 204 evenly divides a
vertical length of the captured pattern Q of the 2D mark image 501, evenly divides a
horizontal length of the captured pattern Q, and classifies plural grids q formed by the
division into white or black. Regarding the color classification of the grids p, it may be
easy to classify by performing image processing such as binarization processing of the
image. And, the survey machine recognizing control part 204 compares the color
arrangement of the grids q of the captured pattern Q with the color arrangement of the
grids p of the identification pattern P, and recognizes (specifies) the identification pattern
P of the color arrangement of the grids p matching the color arrangement of the grids q of
the captured pattern Q.

[0050]

Further, when the survey machine 10 is located in front of the 2D mark 15, the 2D mark
image 501 corresponding to the 2D mark 15 appears in a square. In this case, the survey
machine recognizing control part 204 recognizes the identification pattern P from the
mark information table 400 by comparing the captured pattern Q of the square 2D mark
image 501 with the identification pattern P of the 2D mark 15 of the mark information
table 400 (FIG. 3: S203YES).

[0051]

When the survey machine 10 is located in a slant for the 2D mark 15, the 2D mark image
503 corresponding to the 2D mark 15 is deformed into a rhombus, and appears as the
rhombus in the captured image 502. In this case, although the 2D mark image 503 is
slightly deformed, it is possible to specify this color arrangement of each grid q and
recognize which the identification pattern P the captured pattern Q of the 2D mark image
601 is. Therefore, the survey machine recognizing control part 204 recognizes the
identification pattern P matching the captured pattern Q from the mark information table
400 by comparing the captured pattern Q of the rhombus 2D mark image 503 with the
identification pattern P of the 2D mark 15 of the mark information table 400 (FIG. 3:
S203YES). In this way, even when the survey machine 10 exists at a slant position for
the 2D mark 15, it is possible to detect and recognize the 2D mark 15. Further, even if a
light reflecting object exists in the vicinity of the pole head 14a of the pole 14, the 2D
mark 15 is not specified based on a reflected light, so that the 2D mark 15 can be

appropriately recognized.
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[0052]

As shown in FIG. 6A, when the survey machine 10 is located in a steep slant for the 2D
mark 15, the 2D mark image 601 corresponding to the 2D mark 15 appears as a greatly
deformed rhombus shape. In this case, even if the survey machine recognizing control
part 204 can detect the 2D mark image 601, the 2D mark image 601 is deformed too
much, and the grids q are crushed or overlapped. It is not possible to specify this color
arrangement of each grid g, and it is not possible to recognize which identification pattern
P the captured pattern Q of the 2D mark image 601 is. Even if the survey machine
recognizing control part 204 compares the captured pattern Q of the greatly deformed
rhombus-shaped 2D mark image 601 with the identification pattern P of the 2D mark 15
of the mark information table 400, it is not possible to recognize the identification pattern
P matching pattern from the mark information table 400 (FIG. 3: S203NO). In this case,
as shown in FIG. 6A, the survey machine recognizing control part 204 displays an error
602 (for example, "Error, it cannot be recognized. Please change location.") to promote
appropriate moving the survey machine 10 on the captured image 600 (FIG. 3: S204). In
this way, if the installation position of the survey machine 10 is inappropriate so that the
2D mark 15 cannot be recognized, it is possible to inform the surveyor that and it is
possible to encourage a re-installation of the survey machine 10 so that the installation
position of the survey machine 10 is appropriate. In this case, the process returns to
S201 and the process is repeated.

[0053]

As another collation method of the survey machine recognizing control part 204, the
following can be mentioned. For example, by the survey machine recognizing control part
204 collates the captured ID number whose captured pattern Q is converted according to
a predetermined rule, with the identification ID number whose identification pattern P is
converted according to the rule, and matches the captured pattern Q with the
identification pattern P. The rule can uniquely determine a specific ID number from the
color arrangement of the grids comprising the captured pattern Q and the identification
pattern P. The identification ID number is obtained by converting the identification pattern
P of the 2D mark 15 of the mark information table 400 according to the rule, and is stored
in advance in the identification pattern P of the 2D mark 15 of the mark information table
400. In this way, at the survey site, the detected captured pattern Q may be converted
into a captured ID number according to the rule and collated with the previously
converted identification ID number, so that the accuracy of the collation can be improved.
[0054]

When the recognition of the specific identification pattern P is completed, a survey
machine information displaying control part 205 of the surveying instrument terminal
device 11 displays survey information associated with a specific identification pattern P,
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the survey information including set values of 3D coordinates of the pole head 14a of the
pole 14, on the captured image 603 (FIG. 3: S205).

[0055]

The displaying method of the survey machine information displaying control part 205 is
not particularly limited. For example, as shown in FIG. 6B, the survey machine
information displaying control part 205 accesses the server 12, acquires survey
information 403 {set values (x0, y0, z0), etc.} associated with the 2D mark 15 having the
recognized specific identification pattern P in the surveying information items 402 of the
mark information table 400, and displays the survey information 403 on the captured
image 603. In this way, the surveyor can easily grasp the survey information 403 of the
pole head 14a of the pole 14 on which the 2D mark 15 is installed via the captured image
603. Further, by displaying the survey information 403 on the captured image 603, the
surveyor can reconfirm the survey object, and it is possible to prevent human error such
as a surveyor's mistake or misunderstanding.

[0056]

When the displaying of the survey information 403 is completed, a calculating control part
206 of the survey machine terminal device 11 calculates differences (dix, diy) between a
mark center position Cm of 2D coordinates of the 2D mark image 604 in the captured
image 603 and a center position C of 2D coordinates of the crosshair in the captured
image 603 of the telescope 101 (FIG. 3: S206).

[0057]

The calculating method of the calculating control part 206 is not particularly limited. For
example, as shown in FIG. 6B, the captured image 603 has a camera coordinate system
(2D coordinate system) whose origin is a predetermined position (for example, lower left
corner) of the captured image 603, a vertical direction is a y-axis, and a horizontal
direction is a x-axis. Therefore, the calculating control part 206 acquires 2D coordinates
of four corners a of the 2D mark image 604 in the captured image 603, and calculates 2D
coordinates of the mark center position Cm of the 2D mark image 604 by calculating
average values of the 2D coordinates of the four corners a of the 2D mark image 604.
When the 2D mark image 604 is a quadrangle such as a square, the average values of
the 2D coordinates of the four corners a of the 2D mark image 604 corresponds to the 2D
coordinates of the mark center position Cm of the 2D mark image 604. The method that
the calculating control part 206 calculates the 2D coordinates of the mark center position
Cm of the dimension mark image 604 is not particularly limited, and other method may be
used depending on the shape of the 2D mark image 604.

[0058]

When the pole 14 is a prism, the 2D mark image 604 in the captured image 603 is
unlikely to be distorted, but when the pole 14 is a cylinder, the 2D mark image 604 is
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likely to be distorted. In that case, the calculating control part 206 corrects a distortion of
the 2D mark image 604 by performing ortho-correction processing on the 2D mark image
604 in the captured image 603, acquires the 2D coordinates of the four corners a of the
corrected 2D mark image 604, and calculates 2D coordinates of the mark center position
Cm of the 2D mark image 604 by calculating the average values of the 2D coordinates of
the four corners a of the 2D mark image 604.

[0059]

Then, the calculating control part 206 acquires 2D coordinates of the center position C of
the crosshair of the captured image 603, and calculates differences (dix, diy) between the
2D coordinates of the mark center position Cm and the 2D coordinates of the crosshair
center position C by subtracting the 2D coordinates of the center position C of the
crosshair from the 2D coordinates of the mark center position Cm of the 2D mark image
604.

[0060]

When the calculation of the differences (dix, diy) is completed, an adjusting control part
207 of the survey machine terminal device 11 adjusts a direction of the telescope 101 so
that the center position C of the crosshair matches the mark center position Cm based on
the differences (dix, diy) (FIG. 3: S207).

[0061]

The adjusting method of the adjusting control part 207 is not particularly limited. For
example, as shown in FIG. 7A, the adjusting control part 207 displays a guidance display
for adjusting from the center position C of the crosshair to the mark center position Cm on
the captured image 603. Specifically, the adjusting control part 207 displays an arrow
mark 700 from the center position C of the crosshair to the mark center position Cm on
the captured image 603, and displays a message 701 (for example, "Match center
position of crosshair with mark center position") for prompting to match the center
position C of the crosshair with the mark center position Cm. In this way, it is possible to
guide the surveyor to the direction of the telescope 101 in an appropriate direction.

[0062]

The adjusting control part 207 displays the differences (dix, diy) on the captured image
603, when the center position C of the crosshair moves with the adjustment of the
direction of the telescope 101, the adjusting control part 207 calculates and displays the
differences (dix, diy) between the mark center position Cm and the crosshair center
position C. In this way, the surveyor can adjust the direction of the telescope 101 to the
2D mark 15 while observing the differences (dix, diy).

[0063]

Every time the surveyor moves the direction of the telescope 101, the adjusting control
part 207 determines whether or not the differences (dix, diy) are within predetermined

18



10

15

20

25

30

35

threshold values of 3D coordinates. The threshold values are set in advance by a
surveyor, an administrator, or the like. When the differences (dix, diy) are out of the
threshold values, the adjusting control part 207 can prompt the surveyor to adjust the
direction of the telescope 101 by displaying the guidance such as the arrow mark 700 or
the message 701.

[0064]

The surveyor adjusts the direction of the telescope 101, the center position C of the
crosshair is close to the mark center position Cm, and the differences (dix, diy) are within
the threshold values. Then, the adjusting control part 207 determines that the differences
are within the threshold values, and displays a message 702 (for example, "Please
range") prompting ranging as shown in FIG. 7A. In this way, it is possible to easily
collimate the 2D mark 15 and collimate with high accuracy. In addition, it is possible to
appropriately inform the surveyor of the timing of ranging.

[0065]

In the above description, the adjusting control part 207 adjusts the direction of the
telescope 101 by the surveyor's manual by performing the above-mentioned guidance
display, but other configurations may be used. For example, the adjusting control part
207 operates the telescope 101 in the horizontal direction and the vertical direction based
on the differences (dix, diy), and adjusts the direction of the telescope 101 automatically
so that the center position C of the crosshair matches the mark center position Cm. In
this way, it is not necessary for the surveyor to adjust the direction of the telescope 101,
and the surveyor only has to check whether or not the center position C of the crosshair
matches the mark center position Cm, and it is possible to reduce time and effort of the
surveyor. In addition, it is possible to make it difficult for human error with respect to
collimation to occur by depending on a skill of the surveyor.

[0066]

When the adjustment of the direction of the telescope 101 is completed, a ranging control
part 208 of the survey machine terminal device 11 ranges the mark center position Cm as
measured values od 3D coordinates in a state where the center position C of the
crosshair matched the mark center position C using the survey machine 10 (FIG. 3:
S208).

[0067]

The ranging method of the ranging control part 208 is not particularly limited. For
example, when the surveyor instructs a ranging command to the survey machine 10 via
the survey machine terminal device 11, the ranging control part 208 uses the machine
point M as the origin, measures the horizontal angle H and the vertical angle V of the
telescope 101 with an existing angle detector, and measures a sloped distance L from
the survey machine 10 to the mark center position Cm of the 2D mark 15 using a non-
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prism type light wave distance meter of the survey machine 10. Then, the ranging control
part 208 calculates 3D coordinates (x1, y1, z1) of the mark center position Cm of the 2D
mark 15 in three-dimensional coordinate system as measured values based on the
horizontal angle H and the vertical angle V of the mark center position Cm of the 2D mark
15 and the sloped distance L. The three-dimensional coordinate system may be a world
coordinate system or an arbitrary coordinate system defined at a survey site.

[0068]

For example, the horizontal angle H measured by the survey machine 10 is defined that
the X direction (for example, true north) is O degree, and the direction of rotation in the Y
direction (true west) is a positive value in the three-dimensional coordinate system. The
vertical angle V measured by the survey machine 10 is defined that the Z direction (for
example, directly above) is 0 degree, and the direction of rotation from above to below is
a positive value in the three-dimensional coordinate system.

[0069]

When the ranging is completed, an information storing control part 209 of the survey
machine terminal device 11 stores the measured values (x1, y1, z1) in the mark
information table 400 (database) in association with the 2D mark 15 of the specific
identification pattern P and the set values (x0, y0, z0) of the survey information 403 (FIG.
3: S209).

[0070]

The storing method of the information storing control part 209 is not particularly limited.
For example, the information storing control part 209 calculates differences (accuracies)
{dx1 (= x1-x0), dy1 (= y1-y0). , Dz1 (= z1-z0)} between the measured values (x1, y1, z1)
and the set values (x0, y0, z0), and determines whether or not the calculated differences
(dx1, dy1, dz1) are within the control values of 3D coordinates of the survey information
403. The control values may be set in advance by a surveyor, an administrator, or the
like.

[0071]

As a result of the determination, when the differences (dx1, dy1, dz1) are within the
control values, as shown in FIG. 7B, the information storing control part 209 displays the
measured values 403a (x1, y1, z1) and the differences (accuracies) 403b (dx1, dy1, dz1)
with the survey information 403 in the captured image 603. In this way, the surveyor can
confirm the measured values 403a and the accuracies 403b of the survey result with the
survey information 403.

[0072]

When determining that the measured values 403a and the accuracies 403b are
appropriate, the surveyor instructs a storing command to the survey machine terminal

device 11. Thus, the information storing control part 209 accesses the server 12, and as
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shown in FIG. 7B, stores the measured values 403a (x1, y1, z1) and the differences
(accuracies) 403b (dx1, dy1, dz1) to the survey information 403 of the survey information
item 402 associated with the 2D mark 15 of the specific identification pattern P in the
mark information table 400 (FIG. 3: S209YES). In this way, it is possible to reflect the
measured values 403a and the accuracies 403b of the survey result in the survey
information 403. In other words, the measured values 403a and the accuracies 403b of
the survey result can be directly associated with the 2D mark 15 corresponding to the
survey information 403.

[0073]

As a result of the determination, when the differences (dx2, dy2, dz2) are out of the
control values, the surveyor erroneously measures the 3D coordinates (x2, y2, z2) of the
mark center position Cm of the 2D mark 15. Thus, as shown in FIG. 8A, the information
storing control part 209 displays the measured values 403c (x2, y2, z2) and the
differences (accuracies) 403d (dx2, dy2, dz2) to the survey information 403 in the
captured image 603, and displays a message 800 prompting confirmation (for example,
"Out of control values. Please check mark."). In this way, if the surveyor mistakenly
measures a different 2D mark 15, it is possible to reconfirm the 2D mark 15 of the
surveying object to the surveyor, and to give the surveyor an opportunity to re-do the
survey.

[0074]

When re-doing the survey, the surveyor instructs a non-storing command to the survey
machine terminal device 11. Thus, the information storing control part 209 does not store
the measured values 403c (x2, y2, z2) and the differences (accuracies) 403d (dx2, dy2,
dz2) (FIG. 3: S209NO). Then, for example, the surveyor returns to S207 to adjust the
direction of the telescope 101, or returns to S201 to re-install the survey machine 10 in an
appropriate place.

[0075]

Even if the differences (dx2, dy2, dz2) are out of the control values, when the surveyor
determines that the measured values 403c and the accuracies 403d are stored, the
surveyor instructs a storing command to the survey machine terminal device 11. Thus,
the information storing control part 209 stores the measured values 403c and the
differences 403d to the survey information 403 associated with the 2D mark 15 of the
specific identification pattern P in the mark information table 400 (FIG. 3: S209YES). In
this way, even if the measured values 403c and the differences 403d are any values, the
surveyor can leave that in the mark information table 400. In the above description, the
measured values 403c and the accuracies 403d are stored in the mark information table

400, but at least the measured values 403c may be stored.
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[0076]

If there are plural survey objects 14a of the architecture 14, the process may return to
S201 and repeat the processes from S201 to S209.

[0077]

In the present invention, in order to recognize, collimate, and range the 2D mark 15
instead of the target seal, it is possible to acquire the survey information 403 from the 2D
mark 15 and to directly associate the measured values of the survey result with the 2D
mark 15. Further, in the present invention, even if the 2D mark 15 is slightly deformed, it
is possible to recognize the deformed 2D mark 15, and to recognize, collimate, and range
each of the plural 2D marks 15 projected on one captured image.

[0078]

For example, as shown in FIG. 8B, three 2D marks 15 are projected on one captured
image 801. When one 2D mark 15a is represented by a square on the front surface, and
two 2D marks 15b are represented by a rhombus shape on the left and right sides, the
present invention appropriately recognizes the 2D marks 15a and 15b respectively. In this
case, for example, when the surveyor specifies a specific 2D mark image by tapping
(tapping the screen with a finger) or the like in the captured image 801, the calculating
control part 206 calculates differences between a mark center position of the specific 2D
mark image and a center position of a crosshair in the captured image of the telescope.
Then, the adjusting control part 207 adjusts a direction of the telescope 101 so that the
center position of the crosshair matches the mark center position based on the
differences. In this way, it is possible to adjust the direction of the telescope 101 to the 2D
mark 15 with a simple operation, to collimate with high accuracy.

[0079]

In the case of the target sheet, three target sheets 18 are projected on one captured
image 802, but the front target sheet 18a and the left and right target sheets 18b reflect
the laser light of the survey machine 10, respectively. Therefore, the survey machine 10
detects the reflected light from the plural target sheets 18a and 18b, it is difficult to
recognize one target, and it is difficult to collimate to the front target sheet 18a and the
left and right target sheets 18b respectively. Of course, even if an automatic collimation
function of the survey machine 10 is used, it is not possible to automatically recognize
and collimate the front target sheet 18a and the left and right target sheets 18b
respectively with the survey machine 10. In such a case, for example, when the first
target sheet 18 is installed on one side surface of the pole head 14a of the pole 14, and
the second target sheet 18 is installed on the other side surface adjacent to one side
surface of the pole head 14a.

[0080]

As described above, in the present invention, if the 2D mark 15 is recognizable in the
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captured image, it is possible to appropriately recognize and collimate the 2D mark 15
with high accuracy, and it is possible to reduce the number of the installations of the
survey machine 10 compared to the target sheet 18, and reduce time and effort of the
surveyor. Further, in the present invention, even if plural 2D marks 15 are present in one
captured image 801, it is possible to appropriately recognize and collimate each 2D mark
15 with high accuracy, and to associate measured values with each 2D mark 15.
Although the surveyor ranges the target sheet 18, it may be confused as to which target
sheet 18 the measured values should be associated with. In the present invention, since
the identification of the 2D mark 15 and the association of the measured values are
automatically performed, it is possible to reliably prevent such human error.

[0081]

By the way, at the survey site, after the survey results such as the survey values are
associated and stored with respect to the 2D mark 15 installed on the pole head 14a of
the pole 14, in order to confirm the survey result, the administrator visits the survey site
with the administrator terminal device 17. Then, as shown in FIG. 9A, when the
administrator directs a camera 17a of the administrator terminal device 17 toward the 2D
mark 15 of the pole head 14a of the pole 14. When the administrator instructs a capturing
command to the administrator terminal device 17, a terminal capturing control part 210 of
the administrator terminal device 17 captures a captured image including the 2D mark 15
of the pole head 14a of the pole 14 by using the camera 17a of the administrator terminal
device 17 (FIG. 3: FIG. S301).

[0082]

When the terminal capturing control part 210 starts capturing a captured image, a
terminal recognizing control part 211 of the administrator terminal device 17 detects a
captured pattern of the 2D mark image corresponding to the 2D mark 15 in the captured
image, and recognizes a specific identification pattern corresponding to the captured
pattern by collating the detected captured pattern with the identification pattern of the 2D
mark 15 in the mark information table 400 (database) (FIG. 3: S302).

[0083]

The recognizing method of the terminal recognizing control part 211 is not particularly
limited and is the same as the recognizing method of the survey machine recognizing
control part 204, so the description thereof will be omitted.

[0084]

When the recognition of the specific identification pattern is completed, a terminal
information displaying control part 212 of the administrator terminal device 17 displays
the survey information (set values, measured values, accuracies, etc.) associated with

the specific identification pattern on the captured image (FIG. 3: S303).
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[0085]

The display method of the terminal information displaying control part 212 is not
particularly limited. For example, the terminal information displaying control part 212
acquires the survey information 403 {set values (x0, y0, z0), measured values (x1, y1,
z1), accuracies (dx1, dy1, dz1), etc.} associated with the 2D mark 15 having the
recognized specific identification pattern in the survey information items 402 of the mark
information table 400, and displays that on the captured image 900. In this way, the
administrator can check the survey result of the pole head 14a of the pole 14 on which
the 2D mark 15 is installed at a glance simply by checking the captured image 900.
[0086]

When the accuracies (dx1, dy1, dz1) of the measurement information 403 is within the
control values, the terminal information displaying control part 212 displays a message
902 indicating within the control values (for example, "within control values") in the vicinity
of the 2D mark image 901 corresponding to the 2D mark 15. When the accuracies (dx2,
dy2, dz2) of the measurement information 403 is out of the control values, the terminal
information displaying control part 212 displays a message 903 indicating out of the
control values (for example, "out of control values") in the vicinity of the 2D mark image
901 corresponding to the 2D mark 15. In this way, the administrator can at a glance
confirm whether or not the survey result of the pole head 14a of the pole 14 on which the
2D mark 15 is installed is appropriate.

[0087]

The terminal information displaying control part 212 may indicate the pole 14 within the
control values with a color indicating permission (for example, blue) using the 2D mark
15, and indicate the pole 14 out of the control values by a disallowed color (for example,
red). The functions of Augmented reality (AR) and mixed reality (MR) may be realized.
[0088]

As shown in FIG. 10, when plural 2D marks 15 are projected on one captured image
1000, the terminal recognizing control part 211 detects each of the 2D mark images 1001
corresponding to the 2D marks 15, and recognizes a specific identification pattern
corresponding to the captured pattern of each 2D mark image 1001. Then, the terminal
recognizing control part 211 displays the survey information (set values, measured
values, accuracies, etc.) associated with the specific identification pattern on the captured
image 1000. As shown in FIG. 10, the terminal information displaying control part 212
provides the 2D mark image 1001 of each 2D mark 15 with a blowout line 1002, and
displays the survey information 1003 {pole mark, knot, street, manufacturer, date of
manufacture, status of building accuracies (after completion of final tightening, etc.),
measured values, suitability within the control values and out of the control values, etc.}.
In this way, it is easier for the administrator to check, and it is possible to the convenience
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of the administrator.

[0089]

By linking the database having survey information with other survey systems (for
example, 3D finished shape system, execution management system, etc.), it is easy to
check finished shape at the site of the administrator on the survey site. Further, in recent
years, since the recognition of the 2D mark 15 can be performed by a web browser, the
terminal recognizing control part 211 does not need to be provided as an application in
the administrator terminal device 17. The terminal recognizing control part 211 may be
provided on the server of the network 13 accessible to the administrator terminal device
17 and function as a web browser.

[0090]

As other usage method, for example, an administrator terminal device 17 equipped with a
surveillance camera is installed at the survey site, and the 2D mark 15 of the survey
object 14a (pole head) of the architecture 14 (pole) is recognized with the surveillance
camera by continuously capturing the 2D mark 15, and confirming the survey information
associated with the 2D mark 15 by the office terminal device 16 in the office, so a finished
shape progress of the architecture 14 may be check at the office.

[0091]

Further, in the embodiment of the present invention, the survey machine recognizing
control part 204 is configured to be mounted on the survey machine terminal device 11.
But the survey machine recognizing control part 204 may be mounted on the server 12 to
mount the survey machine, and the survey machine capturing control part 203 of the
terminal device 11 may send the captured image to the server 12. The survey machine
recognizing control part 204 of the server 12 may recognize a specific identification
pattern corresponding to the captured pattern of the 2D mark image using the captured
image, and send the survey information associated with the identification pattern to the
survey machine terminal device 11. The survey machine information displaying control
part 205 of the survey machine terminal device 11 may display the surveying information
on the captured image of the survey machine terminal device 11. Further, in the
embodiment of the present invention, the captured image of the survey machine
capturing control part 203 is a static image, but may be a moving image.

[Example]

[0092]

Hereinafter, the present invention will be specifically described with reference to
Examples and Comparative Examples, but the present invention is not limited thereto.
[0093]

First, we confirmed a recognition rate of a captured pattern after deformation. Specifically,
a predetermined identification pattern was generated using a dictionary, and the captured
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pattern corresponding to the generated identification pattern was horizontally deformed at
a predetermined angle (0 degree, 9 degrees, 18 degrees, 27 degrees). This angle
simulates the angle moved to the left or right from the position facing the captured
pattern. Then, we compared the captured pattern after the deformation with the
identification pattern, and we confirmed whether or not the captured pattern after the
deformation was recognized as the identification pattern. The identification patterns were
a 6 x 6 pattern obtained by dividing a vertical length evenly by six and dividing a
horizontal length evenly by six, and a 7 x 7 pattern obtained by dividing a vertical length
evenly by seven and dividing a horizontal length evenly by seven. Then, 5000
identification patterns are generated, and as a result of transforming and collating 5000
captured patterns, if all the captured patterns could be detected without omission, a
detection rate was evaluated as "0". When even one could not be detected, a detection
rate was evaluated as "X". When a specific identification pattern could be recognized for
each captured pattern, a recognition rate was evaluated as "0", and when even one could
not be recognized, a recognition rate was evaluated as "x". The detection rate means
whether or not the captured pattern itself can be detected, and the recognition rate
means whether or not the captured pattern can be recognized (specified) as a specific
identification pattern.

[0094]

As a result, as shown in FIG. 11A, in the 6 x 6 pattern, the detection rate of the captured
pattern was “0” when the deformation angle was in the range of 0 degree to 27 degrees.
Even more surprisingly, the recognition rate of the captured pattern was " 0" in the range
of the deformation angle from 0 degree to 27 degrees.

[0095]

Further, as shown in FIG. 11B, in the 7 x 7 pattern, the detection rate of the captured
pattern was “0” when the deformation angle was in the range of 0 degree to 27 degrees.
Even more surprisingly, the recognition rate of the captured pattern was "o" in the range
of the deformation angle from 0 degree to 27 degrees.

[0096]

In this way, it was found that even if the captured pattern is deformed, both the detection
rate and the recognition rate are good, and the captured pattern can be recognized as a
specific identification pattern.

[0097]

Next, we actually captured an image using a 2D mark, collimated the 2D mark, and
confirmed whether or not the 2D mark was collimated. Specifically, a 2D mark having a 6
X 6 identification pattern was printed in a predetermined size (length 50 mm x width 50
mm, length 100 mm x width 100 mm), and as shown in FIG. 12A, the 2D mark 15 was
installed on an upper part 14a of a building 14 having a height of 11 m. Further,
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installation positions (“1”, “2”, “3”) of the survey machine 10 were set in the order of
distance from a lower part 14b of the upper part 14a in an opposite direction of the survey
machine 10. The distance from the lower part 14b of the building 14 to the installation
position "3" was set to 11 m. Next, installation positions (“4”, “5”, “6”) of the survey
machine 10 were set in the order of distance from the installation position “3” in the
direction perpendicular to the opposite direction. The distance from the installation
position "3" to the installation position "6" was set to 9 m. Then, we installed the survey
machine 10 at the installation positions "1" to "6", captured the 2D mark 15 by using the
surveying system 1 according to the present invention, recognized a specific identification
pattern to correspond to the captured pattern of the 2D mark image, calculated
differences between 2D coordinates of a mark center position and 2D coordinates of a
center position of a crosshair of the telescope, adjusted a direction of the telescope, and
tried to collimate. The collimation was performed by visually matching the mark center
position calculated by the program with the center position of the crosshair of the
telescope. When collimation was possible, it was evaluated as "o0", and when collimation
was not possible, it was evaluated as "x". Further, we installed a target sheet 18 instead
of the 2D mark 15, instructed an automatic collimation command to the survey machine
10, and tried the automatic collimation. When the automatic collimation was possible, it
was evaluated as "o", and when the automatic collimation was not possible, it was
evaluated as "x". The result of collimation of the 2D mark 15 was used as an Example,
and the result of collimation of the target sheet 18 was used as a Comparative Example.
[0098]

As a result, as shown in FIG. 12B, it is possible to capture an image of the 2D mark 15
and calculate the differences between the mark center position and the center position of
the crosshair of the telescope from the installation position "1" to the installation position
"3", and it was found that it was possible to collimate. As shown in FIG. 13A, it is possible
to capture an image of the 2D mark 15 and calculate the differences between the mark
center position and the center position of the crosshair of the telescope even from the
installation position "4" to the installation position "6", and it was found that it was
possible to collimate with high accuracy.

[0099]

Then, as shown in FIG. 13B, in Example, it was found that the evaluation was "o" in all
the collimation results from the installation position "1" to the installation position "6", and
the collimation could be performed with high accuracy. On the other hand, in
Comparative Example, the evaluation was "o0" in the result of the automatic collimation
from the installation position "1" to the installation position "3", those positions
corresponding to the opposite position, but the evaluation was "x" in the result of the
automatic collimation of the installation position "4" corresponding to the slant position,
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and the installation positions "5" and "6" corresponding to the steep slant position. It
could not be automatically collimated.

[0100]

As described above, in the present invention, it was found that the survey machine 10
can collimate with high accuracy not only at the opposite position of the 2D mark 15 but
also at the slant position. These results are superior to an angle (eg, 15 degrees) that can
be automatically collimated by the survey machine.

[0101]

Next, we captured an image using plural 2D marks that were close to each other,
collimated, and confirmed whether or not collimation was possible. Specifically, as shown
in FIG. 14A, the plural 2D marks 15 having a 6 x 6 identification pattern are printed on
one sheet of paper 1400 in a predetermined size (length 50 mm x width 50 mm), and the
paper 1400 was installed on the upper part 14a of the building 14 having a height of 13.8
m. Further, a position 12.0 m away from the lower part 14b of the upper part 14a installed
the paper 1400 including the 2D mark 15 in an opposite direction was set as the opposite
position 1401. Next, a position separated from the opposite position by 4.0 m in the
direction perpendicular to the opposite direction was set as the installation position 1402.
We installed the survey machine 10 at the installation position 1402, and as shown in
FIG. 14B, and captured the 2D mark 15 in the paper 1400 by using the surveying system
1 according to the present invention. We recognized a corresponding specific
identification pattern corresponding to the captured pattern of the 2D mark image, and
tried to collimate. The result of the collimation of the 2D mark 15 was taken as an
Example.

[0102]

As a result, as shown in FIG. 15, it is possible to recognize a specific identification pattern
for the captured pattern of each 2D mark image 1501 appeared on one captured image
1500, and it is possible to display an ID associated with the identification pattern. Further,
it was found that it is possible to calculate the differences between the mark center
position Cm of each 2D mark image 1501 and the center position C of the crosshair of
the telescope 101 and it is possible to collimate with high accuracy.

[0103]

As shown in FIG. 16A, we prepared a paper 1600 equivalent to the paper 1400 including
plural 2D marks 15, placed plural target sheets 18 equivalent to the 2D marks 15 on the
paper 1600, and installed the paper 1600 including the plural target sheets 18 on the
upper part 14a on which the paper 1400 including the plural 2D marks 15 is installed. We
instructed an automatic collimation command to the survey machine 10, and tried the
automatic collimation. The result of the collimation of the target sheet 18 was used as a
Comparative Example.
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[0104]

As a result, as shown in FIG. 16B, when the center position C of the crosshair of the
telescope 101 existed at a predetermined position where the two target sheets 18 are
close to each other, we started the automatic collimation, although the center position C
of the crosshair of the telescope 101 was collimated with the center position of the
nearest target sheet 18 so as to match the center position of the nearest target sheet 18
from the center position C of the crosshairs 101, the center position C of the crosshair of
the telescope 101 was slightly deviated from the center position of the nearest target
sheet 18, and it was found that the collimation accuracies were lowered. It is estimated
that the presence of the plural target sheets 18 reduced the collimation accuracies.
Further, as shown in FIGS. 17A and 17B, when the center position C of the crosshair of
the telescope 101 existed at another position where the two target sheets 18 are close to
each other, we started the automatic collimation, it was collimated so that the center
position C of the crosshair of the telescope 101 was matched with the center of the
telescope 101, and it was found that it was impossible to collimate with one target sheet
18. It is estimated that the survey machine 10 misidentified a light quantity distribution of
the reflected light of the two target sheets 18 as the light quantity distribution of the
reflected light of one target sheet 18 by detecting the reflected light from the two target
sheets 18.

[0105]

As described above, in the present invention, it was found that even if plural 2D marks 15
are present in one captured image, each of them can be appropriately collimated with
high accuracy.

[0106]

In the embodiment of the present invention, the surveying system 1 is configured to
include each control part, but a program for realizing each control part may be stored in a
storage medium and the storage medium may be provided. In this configuration, the
program is read by a predetermined processing device, and the processing device
realizes each control part. In that case, the program itself read from the recording
medium exerts the effects of the present invention. Further, it is also possible to provide
the steps executed by each control part as the surveying method of the present invention.
[0107]

Further, in the embodiment of the present invention, the 2D mark 15 is configured as a
square as shown in FIG. 18A, but the 2D mark 15 may be configured as a circle as
shown in FIG. 18B. When the 2D mark 15 is a square, for example, the identification
pattern may be a 6 x 6 pattern or a 7 x 7 pattern. Further, in an odd x odd pattern such as
a 7 x 7 pattern, one target grid p0 to be collimated is provided at the center position of
the identification pattern, and the target grid pO to be collimated may be obtained by

29



10

15

20

25

30

35

dividing the target grid p0 into 4 parts with a crosshair indicating the center position, and
coloring 4 divided grids p0O with a predetermined color (for example, white or black)
different from the top, bottom, left and right, and it is easy to collimate 4 grids pO.

[0108]

Further, as shown in FIG. 18B, when the 2D mark 15 is a circle, for example, the
identification pattern P is a pattern obtained by forming plural grids p by dividing a radius
of the circle evenly by a predetermined number with concentric circles, dividing a central
angle of the circle evenly by a predetermined number with a line extending from the
center of the circle, and coloring each of grids p with white or black, and the identification
pattern is configured to be uniquely identifiable. For example, the identification pattern
may be a 3 x 12 pattern obtained by dividing a radius of the circle evenly by 3 with
concentric circles, dividing a central angle of the circle evenly by 12 with a line extending
from a center of the circle, and a 5 x 12 pattern obtained by dividing a radius of the circle
evenly by 5 with concentric circles, dividing a central angle of the circle evenly by 12 with
a line extending from a center of the circle. Even in the case of the circle 2D mark 15,
similarly to the square 2D mark 15, a square p0 to be collimated is provided at the center
position of the identification pattern. The target grid pO to be collimated may be obtained
by dividing the target grid p0 into 4 parts with a crosshair indicating the center position,
and coloring 4 divided grids p0O with a predetermined color (for example, white or black)
different from the top, bottom, left and right, and it is easy to collimate 4 grids p0. It is
easy to collimate 4 grids pO.

[0109]

The shape of the 2D mark 15 and the shape of the grid p of the identification pattern P
may be a shape using a golden ratio of 1: 1.62 from the point of view of ease of
collimation.

[0110]

In an Example of the present invention using a 2D mark of a simple identification pattern
of a 7 x 7 pattern, and a Comparative Example using a 2D bar code with a complicated
identification pattern {for example, equivalent to a QR code (registered trademark)}, the
differences of the recognition rates of both are shown. Specifically, as shown in FIG. 19A,
a 2D mark having an identification pattern of a 7 x 7 pattern (the number of grids is 49)
was printed in a size of 50 mm in length x 50 mm in width, and the 2D mark was a 2D
mark of the Example. We added a collimable surveying marker to a center of a
predetermined QR code (registered trademark) (pattern of about 40 x 40, the number of
grids is 1600), the code was printed in a size of 50 mm in length x 50 mm in width, and
the 2D bar code was the Comparative Example. The software capable of decoding the
2D bar code of the Comparative Example was built into the surveying system in advance.
[0111]

30



10

15

20

25

30

35

Next, as shown in FIG. 19B, two marks of the Example and the Comparative Example
were installed side by side on the upper part of a building having a height of 11 m,
installation positions ("1", "2") of the survey machine 10 were set in order of distance from
the bottom of the upper part in the opposite direction, and installation positions ("3", "4")
of the survey machine 10 were set in the order of distance from the installation position
"2" in the direction perpendicular to the opposite direction. The distance from the bottom
of the building to the installation position "1" was set to 6m, the distance from the bottom
of the building to the installation position "2" was set to 11m, the distance from the
installation position "2" to the installation position "3" was set to 8m, and the distance
from the installation position "2" to the installation position "4" was set to 19.1m. Then,
the survey machine 10 was installed at the installation positions "1" to "4", and the
surveying system of the present invention was used to capture the two marks of the
Example and the Comparative Example to confirm whether or not the two marks can be
recognized.

[0112]

As a result, as shown in FIG. 20, in the mark of the Example, the mark identification
pattern could be recognized at any installation positions. Specifically, using a
predetermined rule, the captured pattern could be converted into a captured ID number
(id = 5000), and a center position of the mark could be calculated. And, As shown in FIG.
21, in the mark of the Comparative Example, the mark could not be recognized in the
image captured by the telescope of the survey machine (decoding failure).

[0113]

In this way, the 2D bar code {equivalent to QR code (registered trademark)} in the
Comparative Example cannot be recognized by capturing with the telescope of the
survey machine at the survey site. The reason is that, originally, information in the 2D bar
code of the Comparative Example is given to a fine black-and-white grids pattern. Unless
there are more than a predetermined number of grids on the captured image, information
cannot be detected and recognized. If the pattern of grids becomes complicated, as
described above, when captured with the telescope of the survey machine at the survey
site, the pattern of grids in the captured image becomes rough and the 2D bar code can
be recognized accurately.

[0114]

In the Example, detail information is not given to the identification pattern of the 2D mark.
Therefore, by adopting the 2D mark having a simple identification pattern, it is possible to
accurately recognize the identification pattern without the recognition rate of the captured
pattern of the 2D mark image at the survey site lowering. Therefore, as described above,
it is possible to acquire survey information from the mark information table and store the

measured values in the mark information table. Since the number of grids is small in a
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predetermined number, a distinctiveness of the identification pattern can be given to the
identification pattern. Even if 2D marks are installed on the survey objects of plural
architectures, each of the 2D marks of each survey object can be identified. The survey
information can be acquired for each survey object, and measured values can be
associated and stored. In this way, it is possible to facilitate the recognition of a specific
identification pattern at the survey site, reduce time and effort of surveying, and perform
collimation with high accuracy.

[0115]

In recent years, glasses-type devices that support AR (augmented reality) and have
capturing function and ranging function have appeared, and such glasses-type devices
can be used in place of survey machine.

[0116]

In the 2D mark identification patterns, in addition to the 7 x 7 pattern, the number of grids
in the 6 x 6 pattern is 36, and the number of grids in the 3 x 12 pattern is 36, and the
number of grids in the 5 x 12 pattern is 60. These patterns have the same number of
grids as the 7 x 7 pattern, they are simple identification patterns that can be identified at
the survey site like the 7 x 7 pattern, and have the same effects as described above.
[Industrial Applicability]

[0117]

As described above, the surveying system and surveying method according to the
present invention are useful in the fields of measurement, civil engineering, surveying,
etc. of general structures, architectures, equipment, grounds, roads, vehicles, railways,
etc. It is effective as a surveying system and surveying method that can reduce time and
effort of surveying, collimate with high accuracy, and accurately associate measured
values.

[Reference Signs List]

[0118]

1 Surveying system

10 Survey machine

11 Survey machine terminal device

12 Server

13 Network

201 Generation control part

202 Relating control part

203 Survey machine capturing control part

204 Survey machine recognizing control part

205 Survey machine information displaying control part

206 Calculation control part
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207 Adjusting control part

208 Ranging control part

209 Information storing control part

210 Terminal capturing control part

211 Terminal recognizing control part

212 Terminal information displaying control part
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[CLAIMS]

[Claim 1]

A survey system comprising:

a capturing control part capturing a captured image including a 2D mark previously
installed on a survey object of an architecture using a telescope of a survey machine;

a recognizing control part detecting a 2D mark image corresponding to the 2D mark in
the captured image as a captured pattern, and recognizing a specific identification pattern
corresponding to the captured pattern by collating the detected 2D mark image with an
identification pattern of a 2D mark in a mark information table;

an information displaying control part acquiring survey information including set values of
3D coordinates of the survey object, the survey information associated with the specific
identification pattern from the mark information table when the recognition of the specific
identification pattern is completed, and displaying the survey information on the captured
image;

a calculating control part calculating differences between a mark center position of 2D
coordinates of the 2D mark image in the captured image and a center position of 2D
coordinates of a crosshair of the telescope;

an adjusting control part adjusting a direction of the telescope so that the center position
of the crosshair matches the mark center position based on the differences;

a ranging control part ranging the mark center position as measured values of 3D
coordinates in a state where the center position of the crosshair matched the mark center
position using the survey machine; and

an information storing control part storing the measured values in the mark information
table in association with the 2D mark of the specific identification pattern and the set
values of the survey information when the ranging is completed,

wherein:

the identification pattern is selected from a 6 x 6 pattern in a square obtained by dividing
a vertical length evenly by six and dividing a horizontal length evenly by six,

a 7 x 7 pattern in a square obtained by dividing a vertical length evenly by seven and
dividing a horizontal length evenly by seven in a square,

a 3 x 12 pattern in a circle obtained by dividing a radius of the circle evenly by 3 with
concentric circles, dividing a central angle of the circle evenly by 12 with a line extending
from a center of the circle, or

a 5 x 12 pattern in a circle obtained by dividing a radius of the circle evenly by 5 with
concentric circles, dividing a central angle of the circle evenly by 12 with a line extending

from a center of the circle.
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[Claim 2]

The survey system according to claim 1, wherein:

the survey machine recognizing control part searches a shape image corresponding to a
shape of an identification pattern in the captured image, the shape image in which a
peripheral end is colored with a predetermined color as a 2D mark image, and detects an
internal pattern except the peripheral end in the searched 2D mark image as the captured
pattern.

[Claim 3]

The survey system according to claim 1, wherein:

the surveying machine recognizing control part displays an error to promote appropriate
moving the surveying machine on the captured image when the surveying machine
recognizing control part cannot detect the captured pattern, or when the surveying
machine recognizing control part cannot collate the detected captured pattern with the
identification pattern.

[Claim 4]

The survey system according to claim 1, wherein:

the surveying machine recognizing control part collates the captured pattern with the
identification pattern by determining whether a color arrangement of grids comprising of
the captured pattern matches a color arrangement of grids comprising of the identification
pattern.

[Claim 5]

The survey system according to claim 1, wherein:

the surveying machine recognizing control part collates the captured pattern with the
identification pattern by collating a captured ID number whose captured pattern is
converted according to a predetermined rule, with an identification ID number whose
identification pattern is converted according to the rule.

[Claim 6]

The survey system according to claim 1, wherein:

the calculating control part acquires coordinates of four corners of the 2D mark image in
the captured image, and calculates coordinates of the mark center position of the 2D
mark image by calculating average values of the coordinates of the four corners of the 2D
mark image.

[Claim 7]

The survey system according to claim 1, wherein:

the adjusting control part determines whether or not the differences are within
predetermined threshold values of 3D coordinates, when the differences are out of the
threshold values, the adjusting control part prompts the surveyor to adjust the direction of
the telescope by displaying a guidance display for adjusting from the center position of
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the crosshair to the mark center position on the captured image, and when the
differences are within the threshold values, the adjusting control part displays a message
prompting ranging.

[Claim 8]

The survey system according to claim 1, wherein:

a target grid to be collimated is provided at a center position of the identification pattern,
and obtained by dividing the target grid into 4 parts with a crosshair indicating the center
position of the identification pattern, and coloring 4 divided grids with a predetermined
color different from the top, bottom, left and right.

[Claim 9]

The survey system according to claim 1, wherein:

the mark information table is provided in a server, the recognizing control part accesses
the server, and collates the captured pattern with the identification pattern of the 2D mark
in the mark information table of the server, the information displaying control part
accesses the server, and acquires the survey information from the mark information
table, and the information storing control part accesses the server, and stores the
measured values in the mark information table.

[Claim 10]

A survey method comprising:

a capturing control step for capturing a captured image including a 2D mark previously
installed on a survey object of an architecture using a telescope of a survey machine;

a recognizing control step for detecting a 2D mark image corresponding to the 2D mark in
the captured image as a captured pattern, and recognizing a specific identification pattern
corresponding to the captured pattern by collating the detected 2D mark image with an
identification pattern of a 2D mark in a mark information table;

an information displaying control step for acquiring survey information including set
values of 3D coordinates of the survey object, the survey information associated with the
specific identification pattern from the mark information table when the recognition of the
specific identification pattern is completed, and displaying the survey information on the
captured image;

a calculating control step for calculating differences between a mark center position of 2D
coordinates of the 2D mark image in the captured image and a center position of 2D
coordinates of a crosshair of the telescope;

an adjusting control step for adjusting a direction of the telescope so that the center
position of the crosshair matches the mark center position based on the differences;

a ranging control step for ranging the mark center position as measured values of 3D
coordinates in a state where the center position of the crosshair matched the mark center

position using the survey machine; and
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an information storing control step for storing the measured values in the mark
information table in association with the 2D mark of the specific identification pattern and
the set values of the survey information when the ranging is completed,

wherein:

the identification pattern is selected from a 6 x 6 pattern in a square obtained by dividing
a vertical length evenly by six and dividing a horizontal length evenly by six,

a 7 x 7 pattern in a square obtained by dividing a vertical length evenly by seven and
dividing a horizontal length evenly by seven in a square,

a 3 x 12 pattern in a circle obtained by dividing a radius of the circle evenly by 3 with
concentric circles, dividing a central angle of the circle evenly by 12 with a line extending
from the center of the circle, or

a 5 x 12 pattern in a circle obtained by dividing a radius of the circle evenly by 5 with
concentric circles, dividing a central angle of the circle evenly by 12 with a line extending

from the center of the circle.
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