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(54) LASER SCANNER SYSTEM AND REGISTRATION METHOD OF POINT CLOUD DATA

(57) The invention provides a laser scanner system,
which comprises a laser scanner which includes a dis-
tance measuring unit for emitting a distance measuring
light, receiving a reflected light, and performing a dis-
tance measurement, a scanning unit for rotatably irradi-
ating the distance measuring light, a directional angle
detecting unit for detecting an irradiating direction of the
distance measuring light, a GNSS device and a control
arithmetic unit, and a target which sets a back sight point,
wherein the control arithmetic unit has a target scanning
mode and a point cloud data measurement mode, and
is configured to calculate point cloud data with a global
coordinate value and a global coordinate value of the
target based on the global coordinate value obtained by
the GNSS device, a measurement result obtained by ex-
ecuting the point cloud data measurement mode and a
measurement result obtained by executing the target
scanning mode.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a laser scanner
system which acquires point cloud data, acquires the
point cloud data from a plurality of points by the laser
scanner and integrates a plurality of point cloud data as
point cloud data of the same coordinate system and a
registration method of the point cloud data.
[0002] As a measuring instrument for acquiring three-
dimensional data of an object to be measured, a laser
scanner is used. The laser scanner scans a distance
measuring light and acquires point cloud data of an object
to be measured or a range to be measured. Based on
the point cloud data as acquired, a shape and the three-
dimensional data of the object to be measured can be
determined.
[0003] Further, in a case where the object to be meas-
ured is a structure such as a building or the like, if a
measurement is performed from one direction, point
cloud data of a shaded portion cannot be acquired. For
this reason, the point cloud data of the object to be meas-
ured are acquired from a plurality of points.
[0004] In a case where the point cloud data are ac-
quired from the plurality of points, the point cloud data
needs to be combined so as to become data of the same
coordinate system.
[0005] Conventionally, in order to combine the point
cloud data acquired from a plurality of installation points,
a machine reference points at each installation point (an
installation point of a laser scanner), an instrument height
and a plurality of back sight points with known coordinate
values are required.
[0006] Although the machine reference point may be
arbitrary, the plurality of back sight points are measured
from the machine reference points, and the machine ref-
erence point is determined as a known point based on a
measurement result. Further, the instrument height is a
height from a ground surface of the installation point to
a reference point of the laser scanner and is actually
measured in an installed state.
[0007] The plurality of point cloud data are combined
based on a coordinate value of each machine reference
point, an instrument height and a coordinate value of
common back sight points.
[0008] As described above, in a conventional laser
scanner system, a plurality of known back sight points,
the instrument height and the machine reference point
must be measured every time the laser scanner is in-
stalled. For this reason, there is a problem of a compli-
cated workability.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to provide
a laser scanner, a laser scanner system and a registration
method of point cloud data which facilitates an installation

operation of a laser scanner or facilitates a combination
of a plurality of point cloud data in a case where the point
group data are acquired from a plurality of points.
[0010] To attain the object as described above, a laser
scanner system according to the present invention com-
prises a laser scanner which includes a distance meas-
uring unit for emitting a distance measuring light, receiv-
ing a reflected light from an object to be measured, and
performing a distance measurement, a scanning unit for
rotatably irradiating the distance measuring light, a direc-
tional angle detecting unit for detecting an irradiating di-
rection of the distance measuring light, a GNSS device
and a control arithmetic unit, and a target which sets a
back sight point, wherein the control arithmetic unit has
a target scanning mode in which a target scanning is
performed over a range including the target and a point
cloud data measurement mode in which the distance
measuring light is scanned to a measurement range and
point cloud data is acquired, and is configured to calculate
point cloud data with a global coordinate value and a
global coordinate value of the target based on the global
coordinate value obtained by the GNSS device, a meas-
urement result obtained by executing the point cloud data
measurement mode and a measurement result obtained
by executing the target scanning mode.
[0011] Further, the laser scanner system according to
the present invention further comprises a data process-
ing device, wherein the control arithmetic unit is config-
ured to obtain global coordinate values of an installation
position of the laser scanner from the GNSS device at a
plurality of installation points of the laser scanner respec-
tively, determine a target central position by executing
the target scanning mode, and acquire point cloud data
by executing the point cloud data measurement mode,
and wherein the data processing device is configured to
perform a shape matching of the plurality of point cloud
data and combine the plurality of point cloud data with
each other based on the global coordinate values at the
plurality of installation points, the target central positions
from the plurality of installation points, and the point cloud
data from the plurality of installation points.
[0012] Further, in the laser scanner system according
to the present invention, the data processing device is
provided on the control arithmetic unit.
[0013] Further, in the laser scanner system according
to the present invention, the data processing device is
provided separately from the laser scanner.
[0014] Furthermore, a registration method of point
cloud data according to the present invention comprises
a step of installing a laser scanner having a GNSS device
at an arbitrary installation position, a step of installing a
target at an arbitrary position, a step of obtaining global
coordinate values of the laser scanner at a plurality of
points by the GNSS device, a step of determining a cen-
tral position of the target by performing a target scanning
by the laser scanner from each installation position and
obtaining a global coordinate value of a center of the
target based on the global coordinate values of the laser
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scanner at the plurality of points, a step of acquiring point
cloud data from the plurality of points and a step of per-
forming a shape matching of the plurality of point cloud
data by giving the global coordinate value of the center
of the target as an initial value and combining the plurality
of point cloud data.
[0015] According to the present invention, the laser
scanner system comprises a laser scanner which in-
cludes a distance measuring unit for emitting a distance
measuring light, receiving a reflected light from an object
to be measured, and performing a distance measure-
ment, a scanning unit for rotatably irradiating the distance
measuring light, a directional angle detecting unit for de-
tecting an irradiating direction of the distance measuring
light, a GNSS device and a control arithmetic unit, and a
target which sets a back sight point, wherein the control
arithmetic unit has a target scanning mode in which a
target scanning is performed over a range including the
target and a point cloud data measurement mode in
which the distance measuring light is scanned to a meas-
urement range and point cloud data is acquired, and is
configured to calculate point cloud data with a global co-
ordinate value and a global coordinate value of the target
based on the global coordinate value obtained by the
GNSS device, a measurement result obtained by exe-
cuting the point cloud data measurement mode and a
measurement result obtained by executing the target
scanning mode. As a result, the laser scanner can be
installed at an arbitrary position according to a working
environment, a measurement work of an instrument
height of the laser scanner or the like can be omitted, the
measurement work can be efficiently performed, and the
point cloud data as acquired can be easily converted into
the global coordinate value.
[0016] Further, according to the present invention, the
laser scanner system further comprises a data process-
ing device, wherein the control arithmetic unit is config-
ured to obtain global coordinate values of an installation
position of the laser scanner from the GNSS device at a
plurality of installation points of the laser scanner respec-
tively, determine a target central position by executing
the target scanning mode, and acquire point cloud data
by executing the point cloud data measurement mode,
and wherein the data processing device is configured to
perform a shape matching of the plurality of point cloud
data and combine the plurality of point cloud data with
each other based on the global coordinate values at the
plurality of installation points, the target central positions
from the plurality of installation points, and the point cloud
data from the plurality of installation points. As a result,
the installation position of the laser scanner and an in-
stallation position of the target can be easily set according
to the working environment, the measurement work of
the instrument height of the laser scanner or the like can
be omitted, and a workability can be improved.
[0017] Furthermore, according to the present inven-
tion, the registration method of the point cloud data com-
prises a step of installing a laser scanner having a GNSS

device at an arbitrary installation position, a step of in-
stalling a target at an arbitrary position, a step of obtaining
global coordinate values of the laser scanner at a plurality
of points by the GNSS device, a step of determining a
central position of the target by performing a target scan-
ning by the laser scanner from each installation position
and obtaining a global coordinate value of a center of the
target based on the global coordinate values of the laser
scanner at the plurality of points, a step of acquiring point
cloud data from the plurality of points and a step of per-
forming a shape matching of the plurality of point cloud
data by giving the global coordinate value of the center
of the target as an initial value and combining the plurality
of point cloud data. As a result, the installation position
of the laser scanner and the installation position of the
target can be easily set according to a working environ-
ment, the measurement work of the instrument height of
the laser scanner or the like can be omitted, and the work-
ability can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG.1 is a schematic sectional elevational view of a
three-dimensional laser scanner used in an embod-
iment of the present invention.
FIG.2 is a block diagram to show an arrangement of
the laser scanner.
FIG.3 is a schematical view of a system according
to the embodiment of the present invention.
FIG.4 is a flowchart of the present embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0019] A description will be given below on an embod-
iment of the present invention by referring to the attached
drawings.
[0020] First, referring to FIG.1 and FIG.2, a description
will be given on a three-dimensional laser scanner used
in the present embodiment.
[0021] As shown in FIG.1, a laser scanner 1 is installed
via a tripod 10 (see FIG.3). The laser scanner 1 compris-
es a leveling unit 2 attached on the tripod 10, a base unit
3 provided on the leveling unit 2, a frame unit 5 provided
on the base unit 3 via a horizontal rotary unit 4 so as to
be rotatable in a horizontal direction and a scanning mir-
ror 7 provided on the frame unit 5 so as to be rotatable
around a vertical rotation shaft 6 as a center in a vertical
direction (an elevetion direction).
[0022] The leveling unit 2 has, e.g., one supporting pin
(not shown) and two adjusting screws 8. When the ad-
justing screws 8 are adjusted so that a tilt sensor (not
shown) provided on the frame unit 5 detects a horizon-
tality, a leveling of the leveling unit 2 is performed.
[0023] The horizontal rotary unit 4 has a horizontal ro-
tation shaft 11 which is rotatably and vertically supported
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on the base unit 3 via a bearing 9. The frame unit 5 is
supported by the horizontal rotation shaft 11, and the
frame unit 5 is configured to rotate together with the hor-
izontal rotation shaft 11.
[0024] The horizontal rotary unit 4 accommodates a
horizontal driving unit 13 which includes a horizontal drive
motor 12, and a horizontal angle detector (e.g., an en-
coder) 14 which detects a rotation angle of the horizontal
rotation shaft 11. The frame unit 5 is rotated around the
horizontal rotation shaft 11 as the center by the horizontal
drive motor 12. It is so designed that a rotation angle of
the horizontal rotation shaft 11 with respect to the base
unit 3, i.e., a rotation angle of the frame unit 5 is detected
by the horizontal angle detector 14.
[0025] Further, a detection result (a horizontal angle)
of the horizontal angle detector 14 is input to a control
arithmetic unit 15 (to be described later), and the control
arithmetic unit 15 controls a driving of the horizontal drive
motor 12 based on the detection result of the horizontal
angle detector 14.
[0026] A recessed portion 16 is formed in a central por-
tion of the frame unit 5, and rooms 5a and 5b are formed
so that the rooms 5a and 5b horizontally sandwich the
recessed portion 16 therebetween. A vertical driving unit
17 and a vertical angle detector 18 are accommodated
in one room 5a (a left room in the drawing), and a distance
measuring light emitting unit 19, a common optical path
unit 21, a distance measuring unit 22, an image pickup
unit 23, or the like are accommodated in the other room
5b (a right room in the drawing). Further, at a necessary
position of an inside of the frame unit 5, the control arith-
metic unit 15 is accommodated. Further, on necessary
portions of the frame unit 5, a display unit 25 and an
operation unit 26 are provided.
[0027] The vertical rotation shaft 6 has an axis which
extends horizontally, and is rotatably supported on the
frame unit 5 via a bearing 27. One end portion of the
vertical rotation shaft 6 protrudes into the recessed por-
tion 16, and the scanning mirror 7 is provided at a pro-
trusion end of the vertical rotation shaft 6 in such a man-
ner that the scanning mirror 7 tilts 45° with respect to the
axis of the vertical rotation shaft 6. The scanning mirror
7 is supported in the recessed portion 16 by the vertical
rotation shaft 6, and is able to freely rotate around the
vertical rotation shaft 6 as the center in the vertical direc-
tion.
[0028] The axis of the vertical rotation shaft 6 is ar-
ranged so as to pass through a center of the scanning
mirror 7 and coincide with a distance measuring optical
axis 36 which enters the scanning mirror 7. Further, the
axis of the vertical rotation shaft 6 is set so as to become
orthogonal to an axis of the horizontal rotation shaft 11
at the center of the scanning mirror 7.
[0029] The vertical driving unit 17 has a vertical drive
motor 28, and the vertical rotation shaft 6 is adapted to
be rotated by the vertical drive motor 28. The scanning
mirror 7 is rotated by the vertical drive motor 28 via the
vertical rotation shaft 6. It is to be noted that the vertical

rotation shaft 6, the scanning mirror 7, the vertical drive
motor 28, or the like make up a scanning unit 29.
[0030] The vertical angle detector 18 (e.g., an incre-
mental encoder) is provided to the vertical rotation shaft
6. A rotation angle of the vertical rotation shaft 6 with
respect to the frame unit 5 is detected by the vertical
angle detector 18. A detection result (a vertical angle) of
the vertical angle detector 18 is input to the control arith-
metic unit 15, and the control arithmetic unit 15 controls
a driving of the vertical drive motor 28 based on the de-
tection result of the vertical angle detector 18.
[0031] A GNSS (Global Navigation Satellite Systems)
device 24 is attached on an upper surface of the frame
unit 5 via an adapter 30. The adapter 30 can be attached
to or detached from the frame unit 5. Therefore, the
GNSS device 24 can be also attached to or detached
from the frame unit 5. Further, the GNSS device 24 re-
ceives a signal from an artificial satellite, performs a sig-
nal processing as required and inputs the receiving signal
to a global coordinate arithmetic component 53 (to be
described later). The global coordinate arithmetic com-
ponent 53 calculates global coordinates based on the
receiving signal.
[0032] In a case where the GNSS device 24 is attached
on the frame unit 5, a reference position of the GNSS
device 24 (a position of the global coordinates deter-
mined by the GNSS device 24) and a reference position
of the laser scanner 1 (a reference position in a case
where a distance measurement and an angle measure-
ment are performed) have a known relation with each
other. Further, the GNSS device 24 is set so as to be
positioned on the axis of the horizontal rotation shaft 11.
[0033] The distance measuring light emitting unit 19
has a distance measuring light emitter 31, an optical path
splitting component 32 such as a half mirror or a beam
splitter or the like, a light projecting optical component
33 constituted of an objective lens or the like, and a mirror
34. The distance measuring light emitter 31 is, e.g., a
semiconductor laser or the like, and emits a pulse laser
beam of an infrared light which is an invisible light on a
distance measuring optical axis 36 as a distance meas-
uring light 35.
[0034] The distance measuring optical axis 36 enters
the scanning mirror 7 through the common optical path
unit 21 and is deflected by the common optical path unit
21 so as to coincide with the axis of the vertical rotation
shaft 6. Further, the distance measuring optical axis 36
is deflected in a perpendicular direction by the scanning
mirror 7 so as to be directed toward an object to be meas-
ured.
[0035] The distance measuring light emitter 31 is con-
trolled by the control arithmetic unit 15 so that a pulsed
light is emitted in a state as required, e.g., a light intensity
as required, a pulse interval as required, or the like.
[0036] The common optical path unit 21 has a first
beam splitter 38 and a second beam splitter 39. Further,
the distance measuring unit 22 has a light receiving op-
tical component 41 constituted of a condenser lens or
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the like, an optical path extension component 42, an op-
tical path coupler 43, and a photodetection element 44.
[0037] A part of the distance measuring light 35 output
from the distance measuring light emitter 31 passes
through the optical path splitting component 32 and en-
ters the mirror 34 through the light projecting optical com-
ponent 33. The distance measuring light 35 is reflected
by the mirror 34 and led to the common optical path unit
21. Further, a remaining part of the distance measuring
light 35 is reflected by the optical path splitting component
32 as an internal reference light and led to an internal
reference optical path 37.
[0038] The distance measuring light 35 reflected by
the mirror 34 is sequentially reflected by the first beam
splitter 38 and the second beam splitter 39. The distance
measuring light 35 is led to the scanning mirror 7 after
being reflected by the second beam splitter 39. It is to be
noted that the distance measuring light 35 passed
through the first beam splitter 38 and the second beam
splitter 39 is absorbed by an antireflection component
(not shown).
[0039] It is to be noted that the scanning mirror 7 is a
deflecting optical component, and the scanning mirror 7
reflects the distance measuring light 35 which is incident
from the horizontal direction at a right angle and reflects
a reflected distance measuring light, which enters the
scanning mirror 7 toward the second beam splitter 39 in
the horizontal direction.
[0040] The distance measuring light 35, which is led
to the scanning mirror 7 from the common optical path
unit 21, is reflected by the scanning mirror 7, and irradi-
ated to an object to be measured (not shown). Further,
when the scanning mirror 7 is rotated around the vertical
rotation shaft 6 as the center, the distance measuring
light 35 is rotatably irradiated within a vertical plane. Fur-
ther, when the horizontal rotary unit 4 rotates the frame
unit 5 in the horizontal direction, the distance measuring
light 35 is rotatably irradiated around the horizontal rota-
tion shaft 11 as the center in the horizontal direction.
Therefore, due to a cooperation of a rotation of the scan-
ning mirror 7 in the vertical direction and a rotation of the
frame unit 5 in the horizontal direction, an entire meas-
urement range can be scanned by the distance measur-
ing light 35.
[0041] The reflected distance measuring light reflected
at the object to be measured which exists within the
measurement range enters the scanning mirror 7, is re-
flected by the scanning mirror 7 and enters the common
optical path unit 21. The reflected distance measuring
light is reflected by the second beam splitter 39, further
passes through the first beam splitter 38 and is led to the
distance measuring unit 22.
[0042] The distance measuring unit 22 leads the re-
flected distance measuring light passed through the first
beam splitter 38 to the photodetection element 44. Fur-
ther, the distance measuring unit 22 is configured to lead
the internal reference light led by the internal reference
optical path 37 to the photodetection element 44 via the

optical path coupler 43.
[0043] The reflected distance measuring light passed
through the first beam splitter 38 enters the light receiving
optical component 41, is condensed by the light receiving
optical component 41 and enters the optical path exten-
sion component 42. The reflected distance measuring
light as passed through the optical path extension com-
ponent 42 is received by the photodetection element 44
via the optical path coupler 43. Further, the internal ref-
erence light as passed through the internal reference op-
tical path 37 is received by the photodetection element
44 via the optical path coupler 43.
[0044] In the photodetection element 44, the reflected
distance measuring light and the internal reference light
are converted into a reflected distance measuring light
electric signal and an internal reference light electric sig-
nal, and transmitted to the control arithmetic unit 15. It is
so arranged that based on a time interval difference be-
tween the reflected distance measuring light electric sig-
nal and the internal reference electric signal, the control
arithmetic unit 15 determines a distance to the object to
be measured (a measuring point).
[0045] The control arithmetic unit 15 calculates a three-
dimensional coordinate value of the measuring point
based on the distance as measured to the measuring
point, the vertical angle detected by the vertical angle
detector 18, and the horizontal angle detected by the
horizontal angle detector 14. Further, by recording a co-
ordinate value of the measuring point for each pulse, the
control arithmetic unit 15 can acquire point cloud data
with respect to the entire measurement range or with
respect to the objected to be measured. Further, the glo-
bal coordinates of the laser scanner 1 are calculated
based on the receiving signal from the GNSS device 24,
and global coordinates of the point cloud data is calcu-
lated based on the global coordinates.
[0046] The horizontal angle detector 14 and the vertical
angle detector 18 make up a directional angle detecting
unit which detects a direction of the distance measuring
optical axis 36.
[0047] The image pickup unit 23 has an image pickup
optical axis, and the image pickup optical axis coincides
with the distance measuring optical axis 36 via the com-
mon optical path unit 21 and enters the scanning mirror
7. An image pickup element 45 is provided at an image
forming position on the image pickup optical axis, and
the image pickup element 45 is configured to output a
digital image signal.
[0048] The image pickup element 45 is constituted of
an aggregate of pixels, e.g., a CCD or a CMOS sensor
or the like, and a position of each pixel in the image pickup
element 45 can be specified. In the image pickup element
45, a background light which enters the scanning mirror
7, is reflected by the scanning mirror 7 and passes
through the second beam splitter 39 is received.
[0049] Further, in a case where an image is acquired
by the image pickup unit 23, a vertical angle of the scan-
ning mirror 7 and a horizontal angle of the frame unit 5
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are controlled by the control arithmetic unit 15 so that the
image pickup optical axis is directed toward an object to
be photographed. In this case, the rotation of the scan-
ning mirror 7 and the rotation of the frame unit 5 are
stopped or substantially stopped. Further, a distance
measurement by the distance measuring unit 22 is
stopped, and a light emission of the distance measuring
light emitter 31 is also stopped.
[0050] Next, by referring to FIG.2, a description will be
given on a control system of the laser scanner 1.
[0051] The operation unit 26, the vertical angle detec-
tor 18, and the horizontal angle detector 14 are electri-
cally connected to the control arithmetic unit 15. Angle
detection signals from the vertical angle detector 18 and
the horizontal angle detector 14 are input to the control
arithmetic unit 15, and a signal from the operation unit
26 is also input to the control arithmetic unit 15 by an
operation of an operator.
[0052] The operator can perform setting conditions re-
quired to start the measurement of the laser scanner 1
from the operation unit 26, e.g., a setting of a measure-
ment range, a setting of a point cloud data density (a
pitch), a setting of an image pickup condition at a time of
photographing, or the like, and further can input an in-
struction to start a detection processing of the number of
resonant rotations, a command to start a measurement
(to be described later), and the like. The setting conditions
and the like input from the operation unit 26 can be con-
firmed on the display unit 25. It is to be noted that the
operation unit 26 and the display unit 25 may be provided
on the frame unit 5, or may be additionally independently
provided, and may be remotely operatable via a signal
transmission medium such as a wireless means or an
infrared light.
[0053] The control arithmetic unit 15 drives the dis-
tance measuring light emitter 31, the horizontal drive mo-
tor 12 and the vertical drive motor 28, and also controls
the display unit 25 for displaying an operating condition,
a measurement result, or the like. Further, on the control
arithmetic unit 15, an external storage device 46 such as
an HDD, a memory card, a USB memory, or the like is
provided. The external storage device 46 may be fixedly
provided or detachably provided to the control arithmetic
unit 15.
[0054] Next, a description will be given on general fea-
tures of the control arithmetic unit 15.
[0055] The control arithmetic unit 15 has an arithmetic
unit 47 as respected by a CPU, a storage component 48,
a distance measuring light emission driving component
49 for controlling a light emission of the distance meas-
uring light emitter 31, the horizontal driving unit 13 for
driving and controlling the horizontal drive motor 12 and
the vertical driving unit 17 for driving and controlling the
vertical drive motor 28. Further, the control arithmetic unit
15 has a distance data processing component 51 for cal-
culating distance data based on a signal acquired by the
distance measuring unit 22, an image data processing
component 52 for processing image data acquired by the

image pickup unit 23, a global coordinate arithmetic com-
ponent 53 for calculating a global coordinates based on
a receiving signal acquired by the GNSS device 24, and
the like.
[0056] As described above, the control arithmetic unit
15 controls the horizontal driving unit 13, the vertical driv-
ing unit 17, and the like and also executes a calculation
and a processing as required by various types of pro-
grams (as described later) as a data processing device.
[0057] The storage component 48 stores the pro-
grams, such as a sequence program configured to per-
form the distance measurement, the measurement of a
vertical angle and the measurement of a horizontal angle,
a point cloud data measurement program configured to
rotatably irradiate the distance measuring light, further
perform the calculation for the distance measurement
and the angle measurement, or the like and acquire the
point cloud data, a target scanning program configured
to scan a target and execute a position measurement of
the target, a registration program configured to perform
a shape matching of a plurality of point cloud data and
perform a combination processing with each point cloud
data, an image pickup program configured to control im-
age pickup states of the image pickup unit 23, an image
processing program configured to execute an image
processing, an image display program configured to dis-
play data on the display unit 25, and the like, or a program
configured to integrally manage these programs, and the
like.
[0058] Further, the storage component 48 stores data
such as target measurement data, the point cloud data,
angle measurement data, the image data, GNSS data,
and the like.
[0059] It is to be noted that functions of the distance
data processing component 51, the image data process-
ing component 52 and the global coordinate arithmetic
component 53 may be executed by the arithmetic unit
47. In this case, the distance data processing component
51, the image data processing component 52 and the
global coordinate arithmetic component 53 can be omit-
ted.
[0060] Further, the distance data processing compo-
nent 51, the image data processing component 52 and
the global coordinate arithmetic component 53 may be
separately provided. For instance, a data processing de-
vice (e.g., a PC) may be additionally provided, and the
PC may execute the functions of the distance data
processing component 51, the image data processing
component 52 and the global coordinate arithmetic com-
ponent 53. In this case, a communication means may be
provided to each of the laser scanner 1 and the PC, the
target measurement data, the point cloud data, the angle
measurement data, the image data and the GNSS data
may be transmitted to the PC, and the PC may execute
a target measurement data processing, a point cloud da-
ta processing, an angle measurement data processing,
an image data processing and a GNSS data processing.
It is to be noted that, as the communication means, the
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communicating means as required, e.g., an optical com-
munication, a wireless communication, an LAN, or the
like can be adopted.
[0061] Alternatively, the external storage device 46
may be attachable to or detachable from the laser scan-
ner 1 and the PC in common, the laser scanner 1 may
store the data such as the target measurement data, the
point cloud data, the angle measurement data, the image
data, the GNSS data, and the like in the external storage
device 46, and the data stored in the external storage
device 46 may be processed by the PC. Further, the
shape matching of the point cloud data and a combination
(a registration) of the point cloud data may be carried out
by the PC.
[0062] It is to be noted that although the image pickup
unit 23 and the distance measuring unit 22 are integrally
provided in the laser scanner 1, the distance measuring
unit 22 may be separated and independently provided.
In this case, an optical axis of the image pickup unit 23
is set in a known relation with an optical axis of the dis-
tance measuring unit 22.
[0063] Next, by referring to FIG.3 and FIG.4, a descrip-
tion will be given on a laser scanner system.
[0064] The laser scanner system has at least one laser
scanner 1 and at least one target 55.
[0065] The laser scanner 1 is installed at a position
which is suitable for scanning the object to be measured
(not shown). In FIG.3, although two laser scanners 1 are
shown, the laser scanner 1 is actually installed at a point
A, and then installed at a point B after the measurement
as required is completed. Further, although the targets
55 are installed at two positions, the target 55 may be
actually installed at one position.
[0066] The laser scanner 1 is installed at the point A,
and the target 55 as a back sight point is installed at a
position (an arbitrary position) a necessary distance
away from the point A and the point B in a necessary
directions.
[0067] In a state where the laser scanner 1 is installed
at the point A, the GNSS device 24 is attached to the
laser scanner 1.
[0068] (Step 01) When the laser scanner 1 is installed
at the point A and an installation of the laser scanner 1
at the point A is determined, an installation position of
the laser scanner 1 is determined by the GNSS device
24, and global coordinates of the laser scanner 1 are
obtained. Here, an operation such as a measurement of
an instrument height of the laser scanner 1, or the like is
omitted.
[0069] (Step 02) The frame unit 5 of the laser scanner
1 is directed toward the target 55 (a horizontal angle is
aligned to a direction of the target 55), and the scanning
mirror 7 is also directed toward the target 55 (a vertical
angle is aligned to the direction of the target 55).
[0070] A picture of the target 55 is acquired by the im-
age pickup unit 23. The picture of the target 55 is dis-
played on the display unit 25. It is confirmed from an
image that the distance measuring optical axis 36 is di-

rected toward the target 55.
[0071] When the target 55 is confirmed from the image,
a target scanning mode is selected by the operation unit
26. The control arithmetic unit 15 executes a target scan-
ning program.
[0072] A target scanning range including the target 55
is automatically set, and a target scanning is started. The
scan mirror 7 reciprocally rotates at a predetermined ro-
tation angle, the frame unit 5 reciprocally rotates at a
predetermined rotation angle, the target scanning range
is intensively scanned, and the point cloud data is ac-
quired. A three-dimensional coordinate value of a central
position of the target 55 is obtained from the point cloud
data as acquired. It is to be noted that the scanning mirror
7 may be configured to rotate over a total circumference.
[0073] This three-dimensional coordinate value of the
target central position is a coordinate value obtained with
reference to the laser scanner 1.
[0074] (Step 03) Next, a point cloud data measurement
mode is selected, and the point cloud data measurement
program is executed by the control arithmetic unit 15.
The measurement range including the object to be meas-
ured is scanned from the point A, and the point cloud
data A is acquired. It is to be noted that, when an upper
side is not included in the measurement range, the GNSS
device 24 need not to be removed. In a case where point
cloud data of the upper side of, e.g., a tunnel, or the like
is required, the GNSS device 24 is removed.
[0075] (Step 04) When an acquisition of the point cloud
data at the point A is finished, the laser scanner 1 is
moved to the point B. When the installation of the laser
scanner 1 at the point B is determined, the measurement
of an installation position of the laser scanner 1 is carried
out by the GNSS device 24, and the global coordinates
of the laser scanner 1 are obtained.
[0076] (Step 05) The distance measuring optical axis
36 is directed toward the target 55, and it is confirmed
from an image that the distance measuring optical axis
36 is directed toward the target 55. The target scanning
mode is selected by the operation unit 26, and the target
scanning is executed as described above.
[0077] Based on the point cloud data acquired by the
target scanning, the three-dimensional coordinate value
of the central position of the target 55 is obtained with
reference to the laser scanner 1.
[0078] (Step 06) The point cloud data measurement
mode is selected, a scanning is performed by the laser
scanner 1 at the point B, and point cloud data B at the
point B is acquired.
[0079] (Step 07) Based on a measurement result of
the target 55 by the target scanning at the point A (a
coordinate value with reference to the laser scanner 1
installed at the point A) and a measurement result of the
target 55 by the target scanning at the point B (a coordi-
nate value with reference to the laser scanner 1 installed
at the point B), and also based on the global coordinates
of the laser scanner 1 at the point A and the point B,
global coordinates of the central position of the target 55
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are calculated.
[0080] (Step 08) The shape matching of the point cloud
data A and the point cloud data B is performed. In a case
where the shape matching is performed, by giving the
global coordinates of the target 55 as an initial value, a
rough matching can be performed immediately. As a re-
sult, a shape matching process can be extremely simpli-
fied.
[0081] The point cloud data A and the point cloud data
B are combined (registered) with each other through the
shape matching process.
[0082] In this embodiment, since the installation posi-
tion (the global coordinate value) of the laser scanner 1
can be obtained by the GNSS device 24 by itself, it would
suffice if the installation position of the laser scanner 1
is arbitrary, only a measurement environment is consid-
ered even in a case where the laser scanner 1 is installed
at a plurality of positions. As a result, a restriction of the
installation can be extremely reduced.
[0083] Further, in case of installing the target 55, the
target 55 may be installed at an arbitrary point. Therefore,
a measurement operation by the laser scanner 1 can be
efficiently performed.

Claims

1. A laser scanner system comprising: a laser scanner
(1) which includes a distance measuring unit (22) for
emitting a distance measuring light (35), receiving a
reflected light from an object to be measured, and
performing a distance measurement, a scanning unit
(29) for rotatably irradiating said distance measuring
light, a directional angle detecting unit (14, 18) for
detecting an irradiating direction of said distance
measuring light, a GNSS device (24) and a control
arithmetic unit (15), and a target (55) which sets a
back sight point, wherein said control arithmetic unit
has a target scanning mode in which a target scan-
ning is performed over a range including said target
and a point cloud data measurement mode in which
said distance measuring light is scanned to a meas-
urement range and point cloud data is acquired, and
is configured to calculate point cloud data with a glo-
bal coordinate value and a global coordinate value
of said target based on said global coordinate value
obtained by said GNSS device, a measurement re-
sult obtained by executing said point cloud data
measurement mode and a measurement result ob-
tained by executing said target scanning mode.

2. The laser scanner system according to claim 1, fur-
ther comprising a data processing device (51, 52),
wherein said control arithmetic unit is configured to
obtain global coordinate values of an installation po-
sition of said laser scanner (1) from said GNSS de-
vice (24) at a plurality of installation points of said
laser scanner respectively, determine a target cen-

tral position by executing said target scanning mode,
and acquire point cloud data by executing said point
cloud data measurement mode, and wherein said
data processing device is configured to perform a
shape matching of the plurality of point cloud data
and combine the plurality of point cloud data with
each other based on said global coordinate values
at the plurality of installation points, said target cen-
tral positions from said plurality of installation points,
and the point cloud data from said plurality of instal-
lation points.

3. The laser scanner system according to claim 2,
wherein said data processing device (51, 52) is pro-
vided on said control arithmetic unit (15).

4. The laser scanner system according to claim 2,
wherein the data processing device (51, 52) is pro-
vided separately from said laser scanner (1).

5. A registration method of point cloud data comprising:
a step of installing a laser scanner (1) having a GNSS
device (24) at an arbitrary installation position, a step
of installing a target (55) at an arbitrary position, a
step of obtaining global coordinate values of said
laser scanner at a plurality of points by said GNSS
device, a step of determining a central position of
said target by performing a target scanning by said
laser scanner from each installation position and ob-
taining a global coordinate value of a center of said
target based on said global coordinate values of said
laser scanner at said plurality of points, a step of
acquiring point cloud data from said plurality of points
and a step of performing a shape matching of said
plurality of point cloud data by giving said global co-
ordinate value of said center of said target as an
initial value and combining said plurality of point
cloud data.
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