US 20170336195A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2017/0336195 A1

SUZUKI et al.

43) Pub. Date: Nov. 23, 2017

(54)

(71)

(72)

(73)

@
(22)

(86)

(30)

Jun. 11, 2015

DIMENSION MEASUREMENT DEVICE AND
DIMENSION MEASUREMENT METHOD

Applicant: PANASONIC INTELLECTUAL
PROPERTY MANAGEMENT CO.,
LTD., Osaka (IP)

Inventors: Akihiro SUZUKI, Kanagawa (JP);
Shohji OHTSUBO, Osaka (JP);
Takaaki MORIYAMA, Kanagawa
(IP); Yutaka IKEDA, Kanagawa (JP);
Takeshi ISHIHARA, Tokyo (JP)

PANASONIC INTELLECTUAL
PROPERTY MANAGEMENT CO.,
LT D., Osaka (JP)

Assignee:

Appl. No.:  15/525,732

PCT Filed: May 27, 2016

PCT No.:

§ 371 (e)(D),
(2) Date:

PCT/IP2016/002571

May 10, 2017
Foreign Application Priority Data

(000 Y 2015-118565

Jul. 17, 2015 (JP) e 2015-143369

Publication Classification

(51) Int. CL
GOIB 11/02 (2006.01)
GO6T 1/00 (2006.01)
GO6T 1/20 (2006.01)
GOG6T 1/60 (2006.01)
(52) US.CL
CPC oo GOIB 11/022 (2013.01); GO6T 1/60
(2013.01); GO6T 1/0007 (2013.01); GO6T 1/20
(2013.01)
(57) ABSTRACT

A dimension measurement device that measures dimensions
of'a cargo (C) placed on a loading platform P or a cargo (CP)
with a loading platform, includes a projector that transmits
measurement light, a camera that receives the reflected
measurement light and acquires a first cargo distance image
including cargo (C) and the loading platform (P), a proces-
sor, and a memory. The processor, cooperating with the
memory, stores the first cargo distance image in the memory,
specifies a region including an unnecessary object other than
the cargo (C) or the cargo (CP) with a loading platform in
the first cargo distance image, on the basis of a shape of the
loading platform (P) which is present in the first cargo
distance image, and writes predetermined information in the
specified region, thereby generating a second cargo distance
image.
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DIMENSION MEASUREMENT DEVICE AND
DIMENSION MEASUREMENT METHOD

TECHNICAL FIELD

[0001] The present disclosure relates to a technique for
measuring dimensions of a cargo or a cargo with a loading
platform.

BACKGROUND ART

[0002] Along with the recent increase in economic activ-
ity, the volume of cargo distribution has increased. In
particular, cargos include many irregular cargos which are
not necessarily rectangular parallelepipeds, and thus there
have been demands for a technique for smoothly and accu-
rately measuring dimensions of such irregular cargos.
[0003] PTL 1 discloses a three-dimensional shape mea-
surement method. However, in this method, a space code is
specified for each position corresponding to each light
receiving element of a camera, on the basis of the order of
received measurement light beams. Here, an unmeasurable
point is extracted by extracting a light receiving element that
has not received measurement light, among the light receiv-
ing elements on a light receiving plane, and an interpolation
value based on a value of a space code in a light receiving
element in the vicinity of the unmeasurable point is calcu-
lated with respect to a space code of the unmeasurable point.
It is also possible to measure a distance to a portion that
cannot be irradiated with measurement light, on the basis of
the interpolation value, and it is also possible to perform
application to the measurement of dimensions of an irregular
cargo.

[0004] PTL 2 discloses an object identifying method.
However, in the method, a three-dimensional space in a
world coordinate system having a predetermined workbench
as the origin is set to be a matching space, and an object
distance image measured by distance image measurement
means is plotted in the matching space. Thereby, a three-
dimensional object surface position image obtained by vir-
tually reconstructing an object surface position in the match-
ing space is projected onto a horizontal Z-X plane of the
world coordinate system, thereby obtaining a projection
image. The center of gravity of the projection image and a
direction of an inertia main shaft (inertia main shaft direc-
tion) are obtained, and coordinate transformation (rotational
transformation around a y-axis) is performed on the three-
dimensional object surface position image so that a refer-
ence coordinate system is constituted by the inertia main
shaft direction and a direction perpendicular to the inertia
main shaft direction. A maximum position coordinate value
and a minimum position coordinate value in a transforma-
tion coordinate system are obtained, thereby obtaining
dimensions of a circumscribed rectangular parallelepiped.
The circumscribed rectangular parallelepiped, which is a
rectangular parallelepiped which is circumscribed to an
object, can also be applied to the measurement of dimen-
sions of an irregular cargo.

CITATION LIST

Patent Literature

[0005] PTL 1: Japanese Patent Unexamined Publication
No. 2000-193433
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[0006] PTL 2: Japanese Patent Unexamined Publication
No. 2004-259114

SUMMARY OF THE INVENTION

[0007] It is possible to obtain a circumscribed rectangular
parallelepiped of an object, such as an irregular cargo, by
applying the techniques of PTL 1 and PTL 2, and to measure
dimensions of the object. Here, in the related art, a back-
ground distance image that does not include a cargo is first
acquired, a cargo distance image including a cargo is then
acquired, and a distance image of the cargo is acquired from
a difference between the background distance image and the
cargo distance image, thereby measuring dimensions of the
cargo.

[0008] Inthe actual cargo distribution situation, conditions
for measuring dimensions of a cargo, which is an object,
generally change every moment. For example, it is consid-
ered that there are many cases where an environment at a
point in time of the acquisition of the background distance
image and an environment at a point in time of the acqui-
sition of the cargo distance image are different from each
other. In such a case, it may also be considered that an
appropriate background distance image cannot be obtained,
and there is a possibility that an accurate cargo distance
image cannot be obtained.

[0009] In the actual cargo distribution situation, a cargo is
generally distributed in a state of being loaded on a prede-
termined loading platform such as a pallet. Since such
distribution is conventional, there has been an attempt to
measure dimensions of a cargo with a loading platform, but
there has been also an increasing demand for the measure-
ment of dimensions of a cargo itself from which a loading
platform is removed.

[0010] The present disclosure relates to a technique for
appropriately measuring dimensions of a cargo or a cargo
with a loading platform.

[0011] The present disclosure provides a dimension mea-
surement device that measures dimensions of a cargo placed
on a loading platform or a cargo with a loading platform, the
dimension measurement device including a transmitter that
transmits measurement waves, a receiver that receives the
reflected measurement waves and acquires a first cargo
distance image including the cargo and the loading platform,
a processor, and a memory, in which the processor, coop-
erating with the memory, stores the first cargo distance
image in the memory, specifies a region including an unnec-
essary object other than the cargo or the cargo with a loading
platform in the first cargo distance image, on the basis of a
shape of the loading platform which is present in the first
cargo distance image, and writes predetermined information
in the specified region, thereby generating a second cargo
distance image.

[0012] The present disclosure also provides a dimension
measurement method of measuring dimensions of a cargo
placed on a loading platform or a cargo with a loading
platform, the dimension measurement method including
transmitting measurement waves by a transmitter, receiving
the reflected measurement waves and acquiring a first cargo
distance image including the cargo and the loading platform
by a receiver, and causing a processor, cooperating with the
memory, to store the first cargo distance image in the
memory, to specify a region including an unnecessary object
other than the cargo or the cargo with a loading platform in
the first cargo distance image, on the basis of a shape of the
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loading platform which is present in the first cargo distance
image, and to write predetermined information in the speci-
fied region, thereby generating a second cargo distance
image.

[0013] According to the present disclosure, the second
cargo distance image is generated by specifying a region
including an unnecessary object other than a cargo in the
first cargo distance image and writing predetermined infor-
mation in the specified region. It is possible to obtain a
circumscribed rectangular parallelepiped of a cargo and to
appropriately measure dimensions of the cargo by utilizing
the second cargo distance image.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a block diagram illustrating a configura-
tion of a dimension measurement device according to Exem-
plary Embodiment 1.

[0015] FIG. 2A is a diagram illustrating a state where a
cargo is loaded on a fork.

[0016] FIG. 2B is a diagram illustrating a state where a
cargo with a loading platform is loaded on a fork.

[0017] FIG. 3A is a diagram illustrating a background
distance image.

[0018] FIG. 3B is a diagram illustrating a background
distance image.

[0019] FIG. 3C is a diagram illustrating a cargo distance
image.

[0020] FIG. 3D is a diagram illustrating a cargo distance
image.

[0021] FIG. 4A is a diagram illustrating a state where a

cargo is not loaded on a fork.

[0022] FIG. 4B is a diagram illustrating a background
distance image which is acquired and generated in the state
illustrated in FIG. 4A.

[0023] FIG. 4C is a diagram illustrating a state where a
cargo with a loading platform is loaded on a fork.

[0024] FIG. 4D is a diagram illustrating a cargo distance
image which is acquired and generated in the state illustrated
in FIG. 4C.

[0025] FIG. 5A is a diagram illustrating a state where an
object, which has not been present in an image at the
beginning, is seen in the image in accordance with the
movement of a forklift.

[0026] FIG. 5B is a diagram illustrating the processing of
an image related to a wall.

[0027] FIG. 5C is a diagram illustrating the processing of
an image related to a foreign material on a floor.

[0028] FIG. 6A is a diagram illustrating a state where
another object, which has not been present in an image at the
beginning, is seen in the image.

[0029] FIG. 6B is a diagram illustrating the processing of
an image related to another object.

[0030] FIG. 7 is a flow chart illustrating an outline of an
operation procedure performed by the dimension measure-
ment device of Exemplary Embodiment 1.

[0031] FIG. 8A is a flow chart illustrating a detailed
processing procedure (subroutine) of step S10 in FIG. 7.
[0032] FIG. 8B is a diagram illustrating distance images
that are generated whenever the height of a fork is changed,
the height being changed in a plurality of steps.

[0033] FIG. 9 is a flow chart illustrating a detailed pro-
cessing procedure (subroutine) of step S40 in FIG. 7.
[0034] FIG. 10A is a flow chart illustrating a detailed
processing procedure (subroutine) of step S41 in FIG. 9.
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[0035] FIG. 10B is a diagram of a distance image illus-
trating processing in step S412.

[0036] FIG. 10C is a diagram of a distance image illus-
trating processing in step S413.

[0037] FIG. 10D is a diagram of a distance image illus-
trating processing in step S414.

[0038] FIG. 10E is a conceptual diagram of processing
when a distance of an image of a front surface of a loading
platform is obtained.

[0039] FIG. 11A is a flow chart illustrating a detailed
processing procedure (subroutine) of step S42 in FIG. 9.
[0040] FIG. 11B is a diagram of a distance image illus-
trating processing in step S421.

[0041] FIG. 11C is a diagram of a distance image illus-
trating processing in step S422.

[0042] FIG. 11D is a diagram of a distance image illus-
trating processing in step S423.

[0043] FIG. 11E is a diagram of a distance image illus-
trating processing in step S424.

[0044] FIG. 12A is a diagram illustrating a process of
synthesizing a plurality of second cargo distance images to
thereby generate a final cargo distance image.

[0045] FIG. 12B is a diagram illustrating a process of
performing coordinate development of a final cargo distance
image in a three-dimensional matching space.

[0046] FIG. 12C is a diagram illustrating a process of
correcting the direction of an inertia main shaft and per-
forming coordinate transformation of a three-dimensional
matching space.

[0047] FIG. 12D is a diagram illustrating a process of
calculating a circumscribed rectangular parallelepiped of a
cargo in a three-dimensional matching space after coordi-
nate transformation.

[0048] FIG. 13 is a flow chart illustrating an outline of an
operation procedure in a case where a dimension measure-
ment device does not acquire a background distance image.
[0049] FIG. 14A is a flow chart illustrating a detailed
processing procedure (subroutine) of step S40A in FIG. 13.
[0050] FIG. 14B is a diagram of a distance image illus-
trating processing in step S40A1.

[0051] FIG. 14C is a diagram of a distance image illus-
trating processing in step S40A2.

[0052] FIG. 14D is a diagram of a distance image illus-
trating processing in step S40A3.

[0053] FIG. 14E is a diagram of a distance image illus-
trating processing in step S40A4.

[0054] FIG. 14F is a diagram of a distance image illus-
trating processing in step S40A5.

[0055] FIG. 15A is an image illustrating the overall pro-
cessing performed by a dimension measurement device
according to Exemplary Embodiment 2.

[0056] FIG. 15B is a diagram illustrating processing per-
formed by the dimension measurement device according to
Exemplary Embodiment 2.

[0057] FIG. 15C is a diagram illustrating processing per-
formed by the dimension measurement device according to
Exemplary Embodiment 2.

[0058] FIG. 15D is a diagram illustrating processing per-
formed by the dimension measurement device according to
Exemplary Embodiment 2.

[0059] FIG. 15E is a diagram illustrating processing per-
formed by the dimension measurement device according to
Exemplary Embodiment 2.
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[0060] FIG. 16A is a diagram illustrating processing
according to a modification example of processing per-
formed by the dimension measurement device according to
Exemplary Embodiment 2.

[0061] FIG. 16B is a diagram illustrating processing
according to a modification example of processing per-
formed by the dimension measurement device according to
Exemplary Embodiment 2.

[0062] FIG. 16C is a diagram illustrating processing
according to a modification example of processing per-
formed by the dimension measurement device according to
Exemplary Embodiment 2.

[0063] FIG. 16D is a diagram illustrating processing
according to a modification example of processing per-
formed by the dimension measurement device according to
Exemplary Embodiment 2.

[0064] FIG. 16E is a diagram illustrating processing
according to a modification example of processing per-
formed by the dimension measurement device according to
Exemplary Embodiment 2.

[0065] FIG. 17 is a diagram illustrating a state where a
forklift having a cargo with a loading platform loaded
thereon moves through a predetermined path of a ware-
house.

[0066] FIG. 18 is a conceptual diagram illustrating pro-
cessing performed by a work diagnosis system including the
dimension measurement device.

[0067] FIG. 19 is a conceptual diagram illustrating a
modification example of the exemplary embodiment.

DESCRIPTION OF EMBODIMENT

[0068] Hereinafter, reference will be appropriately made
to the accompanying drawings to specifically describe an
exemplary embodiment (hereinafter, referred to as “the
present exemplary embodiment”) which specifically dis-
closes a dimension measurement device according to the
present disclosure. However, unnecessarily detailed descrip-
tion may be omitted. For example, detailed description of
already well-known matters and repeated description of
substantially the same configurations may be omitted. This
is to avoid making the following description unnecessarily
redundant and to facilitate the understanding by a person
skilled in the art. The accompanying drawings and the
following description are provided so that a person skilled in
the art can fully understand the present disclosure, and are
not intended to limit subject matters described in claims.

First Exemplary Embodiment

[0069] Hereinafter, Exemplary Embodiment 1 will be
described with reference to FIGS. 1 to 12.

[0070] [Configuration]

[0071] FIG. 1 is a block diagram illustrating a configura-
tion of a dimension measurement device according to Exem-
plary Embodiment 1. Dimension measurement device 100
illustrated in FIG. 1 is installed at equipment (a cargo
transport device such as a forklift, a floor of a warehouse, or
the like), and includes at least camera 110, projector 120,
processor 130, and memory 140. Dimension measurement
device 100 is a device that measures dimensions of a cargo
placed on a loading platform (pallet) or a cargo with a
loading platform. Hereinafter, the term “cargo” which is a
target for measurement of dimension or the term “cargo C”
may include not only a “cargo” itself but also a “cargo with
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a loading platform™ including a cargo and a loading platform
or cargo CP with a loading platform, except for special
cases. Dimension measurement device 100 measures dimen-
sions of three sides of a rectangular parallelepiped in a case
where a cargo is the rectangular parallelepiped, and mea-
sures dimension of three sides of a circumscribed rectangu-
lar parallelepiped (to be described later) which is circum-
scribed to a cargo, as described later, in a case where the
cargo is the rectangular parallelepiped.

[0072] Camera 110 as an imaging device includes various
elements such as a lens, not shown in the drawing, and an
image sensor. Projector 120 as a light projection device
projects measurement light necessary for the measurement
of dimensions of a cargo as an object to be measured.
Projector 120 projects measurement light onto the cargo, and
camera 110 receives the measurement light reflected by the
cargo. Here, a light projection pattern of the measurement
light is deformed by the surface of the cargo, and the
deformation of the light projection pattern of the measure-
ment light reflected by camera 110 is treated as information
of a depth, that is, a distance in each pixel of an image to be
generated. Here, the image to be generated is generally
called a “distance image”. The distance image may be
generated by camera 110, or may be generated by processor
130, to be described later, by obtaining information from
camera 110.

[0073] The wording “distance image” refers to an image
accommodating distance information to a position (includ-
ing the surface of the cargo) which is indicated by each
pixel. For example, the distance image can be visually
expressed by expressing pieces of distance information of
respective pixels on a display by different colors.

[0074] Processor 130, which is constituted by a general
computational device, reads out various control programs or
data from a built-in storage device, not shown in the
drawing, or memory 140 and controls the overall operation
of dimension measurement device 100. Memory 140 as a
storage device reads control programs necessary for proces-
sor 130 to perform various processes and performs an
operation such as the evacuation of data. That is, processor
130 and memory 140 control various processes by dimen-
sion measurement device 100 in cooperation with each
other.

[0075] Dimension measurement device 100 can be con-
figured by connecting an independent computer functioning
as processor 130 and memory 140 to camera 110 and
projector 120 through wired communication or wireless
communication. Naturally, dimension measurement device
100 can be configured as an integrated device in which
camera 110, projector 120, processor 130, and memory 140
are accommodated in an integrated housing.

[0076]

[0077] FIGS. 2A and 2B are diagrams illustrating a state
where dimension measurement system 200 including two
dimension measurement devices 100A and 100B (hereinat-
ter, also referred to as “dimension measurement device
100”) is fixed to forklift FL. and a situation in which
problems of the invention of the present application occurs.
Two integrated dimension measurement devices 100 are
fixed in front of forklift FL, and dimension measurement
device 100 is configured to be movable up and down and to
image fork F holding a cargo with a loading platform and the
periphery thereof.

[Outline of Processing]
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[0078] In the state illustrated in FIG. 2A, a cargo is not
loaded on fork F, and dimension measurement device 100
acquires a background distance image that does not include
a cargo which is an object to be measured. In the state
illustrated in FIG. 2B, cargo CP with a loading platform
having cargo C placed on loading platform P is loaded on
fork F, and dimension measurement device 100 acquires a
cargo distance image including cargo C (hereinafter, cargo
CP with a loading platform may also be included) which is
a target for the measurement of dimension.

[0079] It is considered that dimensions of cargo C is
acquired by comparing the background distance image
obtained in the state illustrated in FIG. 2A and the cargo
distance image obtained in the state illustrated in FIG. 2B
with each other and taking a difference between the images
to thereby extract only a distance image of cargo C. How-
ever, there is actually a possibility that there is a difference
in the height of fork F between the state illustrated in FIG.
2A and the state illustrated in FIG. 2B. That is, it is
considered that the height of fork F in the state where cargo
CP with a loading platform is loaded (FIG. 2B) may be
smaller than the height of fork F in the state where cargo CP
with a loading platform is not loaded (FIG. 2A). That is, the
position of fork F changes at a point in time of the acqui-
sition of the background distance image and a point in time
of the acquisition of the cargo distance image, and thus it is
expected that there is a difficulty in extracting a distance
image of cargo C.

[0080] FIGS. 3A to 3D are diagrams of distance images
that specifically show the above-described phenomena. FI1G.
3A illustrates a background distance image captured by
dimension measurement device 100A in FIG. 2A, and FIG.
3B illustrates a background distance image captured by
dimension measurement device 100B in FIG. 2A. FIG. 3C
illustrates a cargo distance image captured by dimension
measurement device 100A in FIG. 2B, and FIG. 3D illus-
trates a cargo distance image captured by dimension mea-
surement device 100B in FIG. 2B. It can be understood that
the position of fork F in an image changes, from comparison
between FIG. 3A and FIG. 3C and comparison between FIG.
3B and FIG. 3D.

[0081] Fork F is an unnecessary object other than cargo C
which is a target for the measurement of dimension, the
specification of a region where fork F is present is a matter
important for the extraction of cargo C and the measurement
of dimension. However, when the background distance
image and the cargo distance image differ in the position of
fork F in the image as in the present example, it is difficult
to specify a region including fork F, which may interfere
with the measurement of dimension of cargo C.

[0082] FIGS. 4A to 4D are conceptual diagrams illustrat-
ing processing performed by dimension measurement
device 100 of the present exemplary embodiment in order to
solve the above-described problems. FIG. 4A illustrates a
state where no cargo is loaded on fork F, a distance between
dimension measurement device 100 and fork F is d1, and
dimension measurement device 100 acquires a background
distance image that does not include a cargo. In this case,
dimension measurement device 100 firstly acquires a first
background distance image including fork F, as illustrated in
FIG. 4B.

[0083] FIG. 4C illustrates a state where cargo CP with a
loading platform is loaded on fork F, a distance between
dimension measurement device 100 and fork F is d2, and
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dimension measurement device 100 acquires a cargo dis-
tance image including cargo C which is a target for the
measurement of dimension. In this case, dimension mea-
surement device 100 firstly acquires a first cargo distance
image including fork F and cargo CP with a loading plat-
form, as illustrated in FIG. 4D.

[0084] In FIG. 4C, the position of fork F is lower than the
position in FIG. 4A because cargo CP with a loading
platform is loaded on the fork, and the relation of d2>d1 is
established. As a result, there is a difference in the position
of fork F between the first background distance image
illustrated in FIG. 4B and the first cargo distance image
illustrated in FIG. 4D, and it is expected that there is a
difficulty in extracting a distance image of cargo C.

[0085] Consequently, as illustrated in FIG. 4B, processor
130 excludes pixels including fork F which is an unneces-
sary object from the first background distance image and
interpolates new pixels including distance information of
pixels in the peripheral portion thereof with respect to the
excluded pixels, in cooperation with memory 140. As a
result, a second background distance image that does not
include fork F is generated.

[0086] As illustrated in FIG. 4D, processor 130 performs
edge detection (detection method based on sudden changes
such as distance information of a pixel) in cooperation with
memory 140 or extracts edge E of loading platform P by a
method such as pattern matching through comparison
between a loading platform and a pattern that are registered
in advance, in cooperation with memory 140. Thereby,
processor 130 specifies the shape of loading platform P and
specifies the shape of front surface FS among the side
surfaces of the loading platform. Here, processor 130 can
also detect fork F which is an object protruding from front
surface FS, and excludes pixels of a region (side surface FS
of the loading platform is also included) in which such a
protruding object is present from the first cargo distance
image, the region being assumed to be a region including an
unnecessary object. In the present exemplary embodiment,
new pixels including distance information of the corre-
sponding pixels of the second background distance image
are interpolated with respect to excluded pixels, thereby
generating a second cargo distance image.

[0087] Processor 130 acquires a difference between the
second background distance image and the second cargo
distance image to thereby generate a final cargo distance
image showing the shape of cargo C or cargo CP with a
loading platform. The final cargo distance image is a target
for coordinate development by a three-dimensional match-
ing space to be described later and the generation of a
circumscribed rectangular parallelepiped.

[0088] FIGS. 5A to 5C are conceptual diagrams illustrat-
ing Modification Example 1 of processing performed by
dimension measurement device 100 of the present exem-
plary embodiment. As illustrated in FIG. 5A, in the present
example, wall W of a distribution warchouse that has not
been present in an image at the beginning of imaging,
foreign material M having fallen on a floor, or the like are
seen in the image in accordance with the movement of
forklift FL.. Similarly to fork F mentioned above, these are
also unnecessary objects, and thus need to be excluded in the
measurement of dimension. Cargo C is not illustrated in
FIG. 5A.

[0089] In general, horizontal and vertical dimensions of
cargo C are specified so as to be the same as horizontal and
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vertical dimensions of loading platform P. That is, as a
packing condition, cargo C is set not to protrude from
loading platform P. In the present example, pixels corre-
sponding to an object which is present in a range exceeding
the area of loading platform P are deleted by using this
concept, similar to fork F mentioned above.

[0090] FIG. 5B illustrates the processing of an image
related to wall W. Processing regarding a background dis-
tance image is the same as that in FIG. 4B, and dimension
measurement device 100 acquires a first background dis-
tance image including fork F and then generates a second
background distance image that does not include fork F.

[0091] Processor 130 excludes images of front surface FS
of loading platform P and fork F in the first cargo distance
image by the same processing as that illustrated in FIG. 4D,
and interpolates new pixels including distance information
of the corresponding pixels of the second background dis-
tance image. Processor 130 determines that wall W present
in the first cargo distance image exceeds the area of loading
platform P.

[0092] An area seen from above loading platform P, that
is, the horizontal and vertical dimensions thereof are known
in advance, and processor 130 can specify the area (extrac-
tion effective range) of a rectangular parallelepiped with
upper surface US of loading platform P as the bottom
surface as illustrated in FIG. 5A and can specify a region
including an object which is present outside the area, as a
region including an unnecessary object. For this reason,
processor 130 can determine wall W to be an unnecessary
object. Processor 130 excludes pixels of a region including
wall W from the first cargo distance image, the region being
set as a region including an unnecessary object. In the
present exemplary embodiment, processor 130 interpolates
new pixels including distance information of the corre-
sponding pixels of the second background distance image,
with respect to the excluded pixels.

[0093] FIG. 5C illustrates the processing of an image
related to foreign material M on a floor. Similarly to wall W,
processor 130 can determine foreign material M to be an
unnecessary object. Processor 130 excludes pixels of a
region including foreign material M from the first cargo
distance image, the region being set as a region including an
unnecessary object. In the present exemplary embodiment,
processor 130 interpolates new pixels including distance
information of the corresponding pixels of the second back-
ground distance image, with respect to the excluded pixels.

[0094] FIGS. 6A and 6B are conceptual diagrams illus-
trating a second modification example of processing per-
formed by dimension measurement device 100 of the pres-
ent exemplary embodiment. As illustrated in FIG. 6A, in the
present example, another object X (another forklift having a
cargo loaded thereon in the present example), which has not
been present in an image at the beginning, approaches
dimension measurement device 100 and is seen in the image.
Similarly to fork F mentioned above and the like, another
object X is also an unnecessary object and need to be
excluded in the measurement of dimension. Cargo C is not
illustrated in FIG. 6A.

[0095] FIG. 6B illustrates the processing of an image
related to another object X. Processing regarding back-
ground distance image is the same as that in FIG. 4B, and
dimension measurement device 100 acquires a first back-
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ground distance image including fork F and then generates
a second background distance image that does not include
fork F.

[0096] Processor 130 excludes images of front surface FS
of loading platform P and fork F in the first cargo distance
image by the same processing as that illustrated in FIG. 4C,
and interpolates new pixels including distance information
of the corresponding pixels of the second background dis-
tance image. Processor 130 determines that another object X
present in the first cargo distance image is present in a range
exceeding the area of loading platform P.

[0097] An area seen from above loading platform P, that
is, the horizontal and vertical dimensions thereof are known
in advance, and processor 130 can specify the area (extrac-
tion effective range) of a rectangular parallelepiped with
upper surface US of loading platform P as the bottom
surface as illustrated in FIG. 6 A and can specify a region
including an object which is present outside the area, as a
region including an unnecessary object. For this reason,
processor 130 can determine another object X to be an
unnecessary object. Processor 130 excludes pixels of a
region including another object X from the first cargo
distance image, the region being set as a region including an
unnecessary object. In the present exemplary embodiment,
processor 130 interpolates new pixels including distance
information of the corresponding pixels of the second back-
ground distance image, with respect to the excluded pixels.
[0098] [Operation]

[0099] FIGS. 7 to 11 are flow charts illustrating a specific
operation procedure performed by dimension measurement
device 100 of the present exemplary embodiment. FIG. 7 is
a flow chart illustrating an outline of an operation procedure
performed by dimension measurement device 100 of Exem-
plary Embodiment 1.

[0100] As illustrated in FIG. 7, projector 120 of one
dimension measurement device 100 (100A) projects mea-
surement light, for example, in the state illustrated in FIG.
2A with an operator’s input of an artificial operation start
command or an input of a signal from a specific sensor or the
like as a trigger, and generates a background distance image
(first background distance image) on the basis of the mea-
surement light reflected by camera 110 (step S10). In gen-
eral, n dimension measurement devices 100 (n=2) are pro-
vided, and thus the operation of step S10 is repeated until all
of dimension measurement devices 100 (n dimension mea-
surement devices) generate a background distance image
(step S20).

[0101] After all of dimension measurement devices 100
generate the background distance image (step S20; Yes),
projector 120 of one dimension measurement device 100
(100A) projects measurement light, for example, in the state
illustrated in FIG. 2B, and generates a cargo distance image
(a first cargo distance image and a second cargo distance
image) on the basis of the measurement light reflected by
camera 110 (step S30). Processor 130 generates a final cargo
distance image that includes an image of only cargo C (or
cargo CP with a loading platform) as a target for the
measurement of dimension and shows the shape of cargo C
(or cargo CP with a loading platform) on the basis of the
obtained background distance image and cargo distance
image (step S40). The operations of steps S30 and S40 are
repeated until all of dimension measurement devices 100 (n
dimension measurement devices) generate the final cargo
distance image (step S50).
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[0102] Step S10 can be performed in parallel with steps
S30 and S40. That is, while specific dimension measurement
device 100 (for example, 100A) generates the final cargo
distance image by steps S30 and S40, another dimension
measurement device 100 (for example, 100B) may generate
a background distance image by step S10, and the order of
processing is not particularly limited.

[0103] Thereafter, processor 130 of specific dimension
measurement device 100 synthesizes the obtained final
cargo images and performs coordinate development thereof
in a three-dimensional matching space (step S60). Processor
130 generates a circumscribed rectangular parallelepiped of
the final cargo distance image and calculates dimensions of
three sides of the circumscribed rectangular parallelepiped
(step S70). Here, the wording “circumscribed rectangular
parallelepiped” refers to a smallest rectangular parallelepi-
ped that has a side parallel to an inertia main shaft direction
and holds cargo C (or cargo CP with a loading platform), that
is, a rectangular parallelepiped having six surfaces each of
which is in contact with the surface of cargo C (or cargo CP
with a loading platform) at at least one point. Steps S60 and
S70 will be described later in detail.

[0104] FIG. 8A is a flow chart illustrating a detailed
processing procedure (subroutine) of step S10 in FIG. 7.
Projector 120 and camera 110 of dimension measurement
device 100 generate a (first) background distance image with
the above-described predetermined as a trigger. In the pres-
ent exemplary embodiment, as illustrated in FIG. 8B, an
operator changes the height of fork F of forklift FLL in a
plurality of steps, dimension measurement device 100 gen-
erates a first background distance image according to each
step whenever the change is made (step S11), and processor
130 stores the first background distance image in memory
140. It is expected that the height of fork F at the time of
loading varies due to cargo CP with a loading platform, and
thus the first background distance images having different
positions of fork F are generated and stored.

[0105] When the first background distance images are
generated in accordance with all of the heights at the
plurality of steps (step S12; Yes), processor 130 synthesizes
all of the first background distance images stored in memory
140 and generates a second background distance image from
which fork F is excluded (step S13).

[0106] FIG. 9 is a flow chart illustrating a detailed pro-
cessing procedure (subroutine) of step S40 in FIG. 7.
Processor 130 estimates a distance to a front surface (surface
in contact with the fork) among side surfaces of the loading
platform from the cargo distance image (first cargo distance
image or second cargo distance image) which is generated in
step S30, and excludes pixels of the fork portion on the front
surface (step S41). Subsequently, processor 130 estimates
the upper surface (surface on which cargo C is mounted) of
loading platform P, and performs interpolation from a back-
ground distance image in which a pixel, having a difference
between the cargo distance image (first cargo distance
image) having a portion above the upper surface being
excluded and the corrected background distance image
(second background distance image), is corrected to the
cargo distance image, to thereby generate the second cargo
distance image from which pixels of an object other than the
cargo are excluded (step S42).

[0107] FIG. 10A is a flow chart illustrating a detailed
processing procedure (subroutine) of step S41 in FIG. 9.
Processor 130 detects edge E1 of the contour of loading
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platform P by a method such as edge detection or pattern
matching, as illustrated in FIG. 10B (step S411). Next,
processor 130 estimates edge E2 of front surface FS (surface
in contact with fork F) of loading platform P which cannot
be directly detected (due to fork F being mounted), as
illustrated in FIG. 10C, on the basis of the detected edge E1
of the contour (step S412). As illustrated in FIG. 10D,
processor 130 estimates a distance of each pixel within front
surface FS from dimension measurement device 100 and
associates the distance information with a cargo distance
image (step S413). Here, the estimation of the distance can
be performed by various methods. For example, in a case
where a distance to any pixel A within front surface FS is
estimated as illustrated in FIG. 10E, processor 130 calcu-
lates the distance from distances to intersection points
between a line, which passes through pixel A and is parallel
to a horizontal edge of front surface FS, and a vertical edge
thereof by triangulation. As described above, in step S41, a
region (FS) including an unnecessary object (fork) other
than the cargo or the cargo with a loading platform in the
first cargo distance image is specified on the basis of the
shape (edge) of the loading platform which is present in the
first cargo distance image, and distance information is
written in the specified region as predetermined information,
thereby excluding the presence of the fork from the cargo
distance image. The information written as the predeter-
mined information may be Null data (which is an identifi-
able code and is data negligible in the future computational
calculation).

[0108] In the above-described method, only a portion
present in FS in the fork is excluded from the cargo distance
image, but a method of excluding the fork from the cargo
distance image is not limited thereto. For example, a region
including an unnecessary object other than the cargo or the
cargo with a loading platform can also be defined as a region
including a linear object (the entire fork) protruding from FS
instead of being defined as FS. The presence or absence of
such a region can be defined by processor 130 from distance
information expressed by the first cargo distance image.
Specifically, FS may be similarly specified, and processor
130 may computationally calculate the presence or absence
of'an object having a linear surface gradient protrudes from
specified FS in a predetermined direction. In this manner, in
a case where a region including an unnecessary object other
than the cargo or the cargo with a loading platform is
specified as the entire fork, Null data may be written in the
specified region as predetermined information. Supplemen-
tation may be performed on the specified region using
corresponding pixels (pixels on substantially the same coor-
dinates) of the second background distance image as pre-
determined information, and a difference may be acquired
later from the second background distance image.

[0109] In the present example, a description has been
given of a method of excluding fork F, as an unnecessary
object, which protrudes from front surface FS of loading
platform P. However, a surface from which the unnecessary
object protrudes is not limited to front surface FS, and may
be any surface of the side surfaces including front surface
FS.

[0110] FIG. 11A is a flow chart illustrating a detailed
processing procedure (subroutine) of step S42 in FIG. 9. As
illustrated in FIG. 11B, processor 130 detects edge E1 of the
contour of loading platform P by a method such as edge
detection or pattern matching (step S421). Next, processor
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130 estimates edge E3 of upper surface (surface having
cargo C placed thereon) US of loading platform P, as
illustrated in FIG. 11C (step S422). As illustrated in FIG.
11D, processor 130 determines whether or not there is a
difference between the first cargo distance image excluding
pixels above upper surface US and the corrected background
distance image (second background distance image) (step
S423). For example, processor 130 checks a difference for
each pixel, determines whether or not a pixel having a
difference is present at a position above upper surface US of
loading platform P, regards the image as an object to be
interpolated in a case where the image is not positioned
above the upper surface of loading platform P, and excludes
the pixel (step S423; Yes). As illustrated in FIG. 11E,
processor 130 interpolates the pixel excluded in step S423
by using corresponding pixels of the corrected background
distance image (second background distance image) with
respect to a pixel having a difference, to thereby generate a
second cargo distance image (step S424). As described
above, in step S42, a region (region other than a region
above the loading platform) including an unnecessary object
other than the cargo or the cargo with a loading platform in
the first cargo distance image is specified on the basis of the
shape (edge) of the loading platform which is present in the
first cargo distance image, distance information (corre-
sponding pixels of the second background distance image) is
written in the specified region as predetermined information,
thereby excluding the presence of the unnecessary object
from the cargo distance image.

[0111] FIG. 12 is a diagram illustrating an outline of the
processes of steps S60 and S70 in FIG. 7. Processor 130
performs coordinate development of the final cargo distance
image generated on the basis of the second cargo distance
image in a three-dimensional matching space, generates a
circumscribed rectangular parallelepiped of the final cargo
distance image having been subjected to the coordinate
development, and calculates dimensions of three sides of the
circumscribed rectangular parallelepiped.

[0112] Processor 130 generates the final cargo distance
image. The wording “final cargo distance image” refers to an
image constituted by pixels representing the shape of cargo
C (or cargo CP with a loading platform) which does not
basically include a background other than cargo C (or cargo
CP with a loading platform). A method of acquiring and
generating a difference between the second background
distance image and the second cargo distance image is
provided as a method of generating the final cargo distance
image. This method is a method performed in a case where
the second cargo distance image is generated using corre-
sponding pixels of the second background distance image in
step S413 to step S424. On the other hand, in a case where
the exclusion of a pixel is performed using Null data in steps
S413 and S424, the second cargo distance image is set as the
final cargo distance image. As illustrated in FIG. 12A,
processor 130 synthesizes final cargo distance images of all
of dimension measurement devices 100 which are obtained
in step S50 in FIG. 7, to thereby obtain a final distance image
which is in a state where the coordinate development of the
final distance image can be performed in a three-dimen-
sional matching space. As illustrated in FIG. 12B, processor
130 performs coordinate development of the obtained final
cargo distance image in a three-dimensional matching space.
Here, it is assumed that a bottom surface in the final cargo
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distance image is not necessarily disposed in parallel with
the Z-X plane of the bottom surface of the three-dimensional
matching space.

[0113] As illustrated in FIG. 12C, processor 130 corrects
the direction of an inertia main shaft and performs coordi-
nate transformation of the three-dimensional matching
space. The wording “inertia main shaft” as used herein refers
to a shaft for minimizing a projection area onto the Z-X
plane (horizontal plane) when the cargo is rotated about the
shaft. Finally, as illustrated in FIG. 12D, processor 130
calculates a circumscribed rectangular parallelepiped of the
cargo within the three-dimensional matching space having
subjected to the coordinate transformation. The circum-
scribed rectangular parallelepiped is defined as a minimum
dimension when a cargo is packed.

[0114] In the actual cargo distribution situation, the posi-
tion of an unnecessary object may change (example illus-
trated in FIG. 4), or an unnecessary object, which has not
been present at a point in time of the acquisition of a
background distance image, may be seen in an image at a
point in time of the acquisition of a cargo distance image
(examples illustrated in FIGS. 5 and 6). In this manner, even
when an environment at a point in time when the back-
ground distance image is acquire is different from an envi-
ronment at a point in time when the cargo distance image is
acquired, a process of excluding an unnecessary object is
performed in the present exemplary embodiment, and thus it
is possible to obtain an appropriate image of a cargo or a
cargo with a loading platform and to accurately measure
dimensions of the cargo or the cargo with a loading platform.
[0115] In Exemplary Embodiment 1 described above,
dimension measurement device 100 acquires a background
distance image, and may use the acquired background
distance image later for the interpolation of pixels excluded
in a cargo distance image. However, the above-described
interpolation of the excluded pixels is not limited to being
performed with respect to pixels of the background distance
image. For example, interpolation may be performed by
writing pixels having another identifiable code such as Null
data. In this case, the background distance image is not
necessarily required to be acquired, and processor 130 writes
predetermined information with respect to pixels of a region
including an unnecessary object and a specified region to
thereby generate a second cargo distance image. FIG. 13
illustrates a processing procedure in a case where a back-
ground distance image is not acquired. Dimension measure-
ment device 100 starts the process of step S30 without
performing the processes of steps S10 and S20 in FIG. 7.
Dimension measurement device 100 performs the process of
step S40A instead of step 40 in FIG. 7, then performs the
processes of steps S50, S60, and S70 in FIG. 7, and
terminates the processes.

[0116] FIG. 14A is a flow chart illustrating a detailed
processing procedure (subroutine) of step S40A in FIG. 13.
As illustrated in FIG. 14B, processor 130 detects edge E1 of
the contour of loading platform P by a method such as edge
detection or pattern matching (step S40A1). Next, processor
130 estimates edge E2 of front surface FS (surface in contact
with fork F) of loading platform P which cannot be directly
detected (due to fork F being mounted), as illustrated in FIG.
14C, on the basis of the detected edge E1 of the contour (step
S40A2). As illustrated in FIG. 14D, processor 130 estimates
a distance of each pixel within front surface FS from
dimension measurement device 100 and associates the dis-
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tance with a cargo distance image (step S40A3). Here, the
estimation of the distance can be performed, for example, by
the method illustrated in FIG. 10E.

[0117] Next, processor 130 estimates edge E3 of upper
surface (surface having cargo C placed thereon) US of
loading platform P, as illustrated in FIG. 14E (step S40A4).
Processor 130 estimates a space above upper surface US of
loading platform P, as illustrated in FIG. 14F, on the basis of
edge E3 (step S40A5). Further, in a case where specific pixel
(1) in an image is present in a region outside the space (step
S40A6; Yes), processor 130 excludes the pixel and writes,
for example, Null data (identifiable code) to thereby inter-
polate the pixel (step S40A7). Finally, processor 130 con-
firms whether or not any pixel to be supplemented is
included in all of the pixels, and generates a second back-
ground distance image after terminating the confirmation
(step S40A8).

Second Exemplary Embodiment

[0118] FIGS. 15A to 15E are conceptual diagrams illus-
trating processing performed by dimension measurement
device 100 according to Exemplary Embodiment 2. FIG.
15A is an image illustrating the overall processing, and
dimension measurement device 100 fixed to a floor can
capture an image of cargo CP with a loading platform fixed
to a specific location, can exclude loading platform P, and
can calculate a circumscribed rectangular parallelepiped of
cargo C. A configuration of the device in the present
exemplary embodiment is in common with the configuration
of the dimension measurement device according to Exem-
plary Embodiment 1 illustrated in FIG. 1, and is also in
common with those in the following other exemplary
embodiments.

[0119] First, dimension measurement device 100 (100A,
100B) acquires a background distance image of the specific
location (substantially captures an image of only the floor)
in a state where cargo CP with a loading platform is not
present, to thereby generate a background distance image.
Next, dimension measurement devices 100A and 100B
capture an image of cargo CP with a loading platform as
illustrated in FIG. 15B, to thereby acquire a first cargo
distance image including cargo CP with a loading platform
as illustrated in FIG. 15C. Next, as illustrated in FIG. 15D,
processor 130 of dimension measurement device 100 detects
edge E3 of upper surface US of loading platform P from the
first cargo distance image and then estimates upper surface
US. Processor 130 specifies a rectangular area (extraction
effective range) with upper surface US as the bottom surface
thereof, and specifies a region including an object, which is
present outside the area, as a region in which an unnecessary
object is present. Processor 130 excludes pixels of a region
including the object which is present outside the area (for
example, writes Null data), to thereby generate a final cargo
distance image (may be a second cargo distance image in the
present exemplary embodiment) as illustrated in FIG. 15E.
In this manner, it is possible to exclude loading platform P
and calculate a circumscribed rectangular parallelepiped of
cargo C. As described above, it is possible to exclude the
presence of an unnecessary object from a cargo distance
image by specifying a region (region outside the rectangular
area with upper surface US as the bottom surface thereof) in
which the unnecessary object other than a cargo or a cargo
with a loading platform is present in the first cargo distance
image, on the basis of the shape (edge) of the loading
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platform which is present in the first cargo distance image,
and writing distance information (Null data) in the specified
region as predetermined information.

[0120] In the present exemplary embodiment, there is no
change occurring, other than the presence or absence of
cargo CP with a loading platform, between an environment
at a point in time when a background distance image is
acquired and an environment at a point in time when a cargo
distance image is acquired, unlike the examples illustrated in
FIGS. 4 to 6. However, rather than requiring dimensions of
cargo CP with a loading platform, dimensions of cargo C
itself, except for loading platform P, may also be required in
accordance with a distributor’s request or the like. In the
present exemplary embodiment, cargo C, except for only
loading platform P as a portion of cargo CP with a loading
platform which is a difference between the background
distance image and the cargo distance image, can be
extracted, and thus it is possible to respond to such a request.
[0121] It is also possible to computationally calculate a
circumscribed rectangular parallelepiped of cargo C by
using a similar method. FIGS. 16A to 16E are conceptual
diagrams illustrating a modification example of processing
performed by dimension measurement device 100 according
to Exemplary Embodiment 2. First, dimension measurement
device 100 (100A, 100B) acquires a background distance
image including forklift FL. (substantially captures an image
of only the forklift) in a state where cargo CP with a loading
platform is not present, then captures an image of cargo CP
with a loading platform which is loaded on forklift FL
together with forklift FLL as illustrated in FIG. 16A, and
acquires a first cargo distance image including cargo CP with
a loading platform (FIG. 16B). Next, as illustrated in FIG.
16C, processor 130 of dimension measurement device 100
detects edge E3 of upper surface US of loading platform P
from the first cargo distance image. Processor 130 estimates
upper surface US as illustrated in FIG. 16D. Processor 130
specifies a rectangular area (extraction effective range) with
upper surface US as the cross-section thereof, and specifies
a region including an object, which is present outside the
area, as a region in which an unnecessary object is present.
Processor 130 excludes pixels of the region including an
object, which is present outside the area (for example, writes
Null), to thereby generate final cargo distance image (may
also be a second cargo distance image in the present exem-
plary embodiment) as illustrated in FIG. 16E. As described
above, it is possible to exclude the presence of an unneces-
sary object from a cargo distance image by specifying a
region (region outside the rectangular area with upper sur-
face US as the cross-section thereof) in which the unneces-
sary object other than a cargo or a cargo with a loading
platform is present in the first cargo distance image, on the
basis of the shape (edge) of the loading platform which is
present in the first cargo distance image, and writing dis-
tance information (Null data) in the specified region as
predetermined information.

[0122] As described in Exemplary Embodiment 2, a
region including an unnecessary object is specified on the
basis of a loading platform. According to approach for the
exclusion from a cargo distance image, it is possible to
generate a final cargo distance image even in a state where
cargo C is loaded on a forklift or the like and passes through
a predetermined path.

[0123] FIG. 17 is a conceptual diagram illustrating pro-
cessing performed by dimension measurement device 100
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according to the present exemplary embodiment. As illus-
trated in FIG. 17, forklift FL. having cargo CP with a loading
platform loaded thereon moves through a predetermined
path of a warehouse, and dimension measurement device
100 is disposed at the side of the path. Projector 120 projects
measurement light, and camera 110 having received the
reflected measurement light acquires a plurality of first
background distance images during the movement of cargo
CP with a loading platform. Processor 130 performs the
above-described processing (see FIGS. 13 and 14) to
thereby generate a final cargo distance image.

Third Exemplary Embodiment

[0124] FIG. 18 is a conceptual diagram illustrating pro-
cessing performed by a work diagnosis system including
dimension measurement device 100 according to the present
exemplary embodiment. The work diagnosis system is a
system that adds up pieces of attribute information for each
cargo C and is utilized for work diagnosis within a hub base.
For example, dimension measurement device 100 transmits
the pieces of attribute information including various pieces
of information acquired from dimensions calculated by
dimension measurement device 100 itself, a tag attached to
the cargo, and the like to work determination computer 300,
during the imaging of the cargo. The pieces of attribute
information include dimensions of the cargo, weight, a
carry-in gate, a carry-in time, an address (country), a carry-
out gate, a carry-out time, and the like.

[0125] Data adding-up unit 301 of work determination
computer 300 receives the pieces of attribute information,
adds up the pieces of attribute information in a predeter-
mined format, and transmits the added-up information to
optimization algorithm generation unit 302. Optimization
algorithm generation unit 302 generates an improvement
idea with respect to the received pieces of attribute infor-
mation in consideration of hub base configuration informa-
tion in the hub base and a work reduction target value. The
hub base configuration information includes, for example, a
base map, the number of carry-in gates, the number of
carry-out gates, a type of fork list, the number of fork lists,
a type of container, the number of containers, and the like.
The work reduction target value includes, for example, a
total movement distance reduction target value of a forklift,
a total movement distance reduction target value of a con-
tainer, a total working time reduction target value of labor,
and the like. The improvement idea includes the arrange-
ment of a carry-in gate of a trailer for each day of the week
and each time slot, the arrangement position of a forklift (or
the number of forklifts) for each time slot, the arrangement
of a carry-out gate of an aircraft for each time slot, and the
like.

[0126] That is, the work diagnosis system analyzes con-
tents such as in which time slot what type of cargo is large
in number, and improves the arrangement of a trailer, a
forklift, and a container, and the like. Thereby, it is possible
to achieve reductions in a total operation time of a forklift,
a cargo evacuation read time, a trailer standby time, and the
like. These analysis results can be seen in various data
formats, and thus it is possible to achieve an improvement
in work.

(Other Modification Examples)

[0127] FIG. 19 is a conceptual diagram illustrating a
modification example of the exemplary embodiment of the
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present disclosure. In the above-described example of the
exemplary embodiment, the number of dimension measure-
ment devices 100 installed at forklift FL. is two, but may be
one. Naturally, the installation position of dimension mea-
surement device 100 can be freely determined. For example,
a rail for dimension measurement device 100 may be
attached to forklift FL, and the position of the device may be
changed in accordance with a handle operation of forklift
FL.

[0128] In a case where the number of dimension measure-
ment devices 100 installed at forklift FL is set to be one, it
is preferable that a background distance image and a cargo
distance image are captured at least twice from different
angles. For example, the first imaging can be performed
from the front side, and the second imaging can be per-
formed obliquely from above.

[0129] As illustrated in FIG. 19, brightness sensor 101
may be attached to dimension measurement device 100. This
is because it is assumed that an operation environment
(illumination conditions or the like) is different for each
imaging location. For example, it is possible to start up
dimension measurement device 100 when forklift FL enters
an area with a fixed brightness, and to exclude influence of
outside light conditions depending on a location.

[0130] In the above-described exemplary embodiment,
projector 120 and camera 110 that reflect measurement light
and receive the reflected measurement light are used. How-
ever, a medium for obtaining a distance image is not limited
to light, and may be infrared rays, a laser, or the like.
Accordingly, it is possible to use a general transmitter that
transmits measurement waves, instead of projector 120. It is
possible to use a receiver that receives reflected measure-
ment waves, instead of camera 110.

[0131] In the above-described exemplary embodiment, a
relative positional relationship between camera 110 and
cargo C or cargo CP with a loading platform is fixed when
camera 110 obtains a cargo distance image from cargo C or
cargo CP with a loading platform, but the present disclosure
is not limited thereto. That is, camera 110 may obtain a cargo
distance image by capturing an image of cargo C or cargo
CP with a loading platform while rotating around cargo C or
cargo CP with a loading platform. Camera 110 may capture
an image of a state where cargo C or cargo CP with a loading
platform is rotated with respect to camera 110 to thereby
obtain a cargo distance image. In this manner, it is possible
not only to obtain a cargo distance image by one camera 110
but also to continuously capture an image of cargo C or
cargo CP with a loading platform from different angles, and
thus more cargo distance images can be obtained. As a
result, the accuracy of distance information included in the
cargo distance image is further improved.

[0132] As described above, dimension measurement
device 100 of the present exemplary embodiment, which is
dimension measurement device 100 that measures dimen-
sions of cargo C placed on loading platform P or cargo CP
with a loading platform, includes a transmitter (projector
120) which transmits measurement waves, a receiver (cam-
era 110) which receives the reflected measurement waves
and acquires a first cargo distance image including cargo C
and loading platform P, processor 130, and memory 140.
Processor 130, cooperating with memory 140, stores the first
cargo distance image in memory 140, specifies a region
including an unnecessary object other than cargo C or cargo
CP with a loading platform in the first cargo distance image,
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on the basis of the shape of loading platform P which is
present in the first cargo distance image, and writes prede-
termined information in the specified region to thereby
generate a second cargo distance image.

[0133] Thereby, dimension measurement device 100 gen-
erates the second cargo distance image in which predeter-
mined information is written in the region including the
unnecessary object other than cargo C or cargo CP with a
loading platform. Accordingly, dimension measurement
device 100 can appropriately generate a circumscribed rect-
angular parallelepiped of cargo C or cargo CP with a loading
platform and to appropriately measure dimensions of cargo
C or cargo CP with a loading platform.

[0134] The receiver (camera 110) may further acquire a
background distance image that does not include the cargo,
and processor 130 may acquire a difference between the
background distance image and the second cargo distance
image to thereby generate a final cargo distance image
showing the shape of the cargo or the cargo with a loading
platform. Thereby, dimension measurement device 100 can
acquire an appropriate difference between the background
distance image and the cargo distance image.

[0135] Processor 130 may extract edge E1 of loading
platform P from the first cargo distance image to thereby
specify the shape of loading platform P. Thereby, dimension
measurement device 100 can appropriately exclude the
unnecessary object on the basis of the shape of loading
platform P.

[0136] Processor 130 may specify the shape of the side
surface of loading platform P, and may specify a region
including an object protruding from the side surface as a
region in which the unnecessary object is present. Thereby,
dimension measurement device 100 can also appropriately
exclude the unnecessary object caught by the side surface.
[0137] Processor 130 may specity a rectangular area with
upper surface US of loading platform P as either the bottom
surface or the cross-section thereof, and may specify a
region including an object which is present outside the area,
as a region in which the unnecessary object is present.
[0138] The predetermined information may be pixel infor-
mation of a region within the background distance image
which corresponds to the region in which the unnecessary
object is present. Thereby, dimension measurement device
100 can effectively utilize the background processing image
and can appropriately generate the final cargo distance
image.

[0139] The predetermined information may be Null data
of the unnecessary object. Thereby, the second cargo dis-
tance image can be treated as the final cargo distance image,
and thus it is possible to perform coordinate development of
the second cargo distance image in a three-dimensional
matching space, to generate a circumscribed rectangular
parallelepiped of the second cargo distance image having
been subjected to the coordinate development, and to cal-
culate dimensions of the circumscribed rectangular parallel-
epiped. Thereby, dimension measurement device 100 can
acquire the accurate dimension of cargo C or cargo CP with
a loading platform.

[0140] Dimension measurement device 100 may be fixed
to a predetermined position, cargo C or cargo CP with a
loading platform may be moved at a predetermined speed,
the receiver (camera 110) may acquire a plurality of back-
ground distance images and a plurality of first cargo distance
images during the movement of cargo C or cargo CP with a
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loading platform, and processor 130 may generate a final
cargo distance image from the plurality of background
distance images and the plurality of first cargo distance
images in consideration of the predetermined speed.
Thereby, dimension measurement device 100 can effectively
utilize the background processing image and can appropri-
ately generate the final cargo distance image.

[0141] Processor 130 can perform coordinate develop-
ment of the final cargo distance image in a three-dimensional
matching space, can generate a circumscribed rectangular
parallelepiped of the final cargo distance image having been
subjected to the coordinate development, can calculate
dimensions of the circumscribed rectangular parallelepiped.
Thereby, dimension measurement device 100 can acquire
the accurate dimension of cargo C or cargo CP with a
loading platform.

[0142] The transmitter may be projector 120 that projects
measurement light as measurement waves, and may be
camera 110 that receives the measurement light reflected by
the receiver. Thereby, dimension measurement device 100
can be reliably configured at a low cost.

[0143] In the present exemplary embodiment, a descrip-
tion has been given on the assumption that the cargo distance
image and/or the background distance image is obtained
through one imaging by using (a camera). However, the
cargo distance image and/or the background distance image
in the present disclosure is not limited to being obtained
through one imaging by using (a camera). That is, it is also
possible to apply images obtained by synthesizing two or
more cargo distance images and/or background distance
images, which are obtained by (a camera) performing imag-
ing at different times, to the cargo distance image and/or the
background distance image in the present exemplary
embodiment. Specifically, it is also possible to generate a
cargo distance image and/or a background distance image
which is applied to the present exemplary embodiment by
superimposing characteristic portions shown in common to
two or more cargo distance images and/or background
distance images obtained by (a camera) performing imaging
at different times on each other and by generating a smaller
number of cargo distance images and/or background dis-
tance images from two or more cargo distance images and/or
background distance images.

[0144] A dimension measurement method of the present
exemplary embodiment, which is a dimension measurement
method of measuring dimensions of cargo C placed on
loading platform P or cargo CP with a loading platform,
includes transmitting measurement waves by a transmitter
(projector 120), and receiving the reflected measurement
waves by a receiver (camera 110), thereby acquiring a first
cargo distance image including cargo C and loading plat-
form P. Processor 130, cooperating with memory 140, stores
the first cargo distance image in memory 140, specifies a
region including an unnecessary object other than cargo C or
cargo CP with a loading platform in the first cargo distance
image, on the basis of the shape of loading platform P which
is present in the first cargo distance image, and writes
predetermined information in the specified region to thereby
generate a second cargo distance image.

[0145] The dimension measurement method includes gen-
erating the second cargo distance image in which predeter-
mined information is written in the region including the
unnecessary object other than cargo C or cargo CP with a
loading platform. According to this method, it is possible to
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appropriately generate a circumscribed rectangular parallel-
epiped of cargo C or cargo CP with a loading platform and
to appropriately measure dimensions of cargo C or cargo CP
with a loading platform.

[0146] As described above, the exemplary embodiment of
the dimension measurement system according to the present
disclosure has been described with reference to the accom-
panying drawings, but the present disclosure is not limited
to such an example. It would be apparent for those skilled in
the technical field that various modification examples, cor-
rection examples, replacement examples, addition
examples, deletion examples, and equivalent examples are
conceivable within the scope of the technical idea recited in
the claims, and it would be understood that these fall within
the technical scope of the present disclosure.

INDUSTRIAL APPLICABILITY

[0147] The present disclosure is useful as a dimension
measurement device capable of appropriately measuring
dimensions of a cargo or a cargo with a loading platform,
and a dimension measurement method.

REFERENCE MARKS IN THE DRAWINGS

[0148] 100: dimension measurement device

[0149] 110: camera

[0150] 120: projector

[0151] 130: processor

[0152] 140: memory

[0153] 200: dimension measurement system

[0154] 300: work determination computer

[0155] 301: Data adding-up unit

[0156] 302: optimization algorithm generation unit 302

[0157] C: cargo

[0158] CP: cargo with loading platform
[0159] F: fork

[0160] FL: forklift

[0161] M: foreign material

[0162] W: wall

[0163] P: loading platform (pallet)

1. A dimension measurement device that measures dimen-
sions of a cargo placed on a loading platform or a cargo with
a loading platform, the dimension measurement device
comprising:

a transmitter that transmits measurement waves;

a receiver that receives the reflected measurement waves
and acquires a first cargo distance image including the
cargo and the loading platform;

a processor; and

a memory,

wherein the processor, cooperating with the memory,
stores the first cargo distance image in the memory,
specifies a region including an unnecessary object other
than the cargo or the cargo with a loading platform in
the first cargo distance image, on the basis of a shape
of the loading platform which is present in the first
cargo distance image, and writes predetermined infor-
mation in the specified region, thereby generating a
second cargo distance image.

2. The dimension measurement device of claim 1,

wherein the receiver further acquires a background dis-
tance image that does not include the cargo, and

wherein the processor acquires a difference between the
background distance image and the second cargo dis-

Nov. 23,2017

tance image to thereby generate a final cargo distance
image showing a shape of the cargo or the cargo with
a loading platform.

3. The dimension measurement device of claim 1,

wherein the processor extracts an edge of the loading
platform from the first cargo distance image to thereby
specify the shape of the loading platform.

4. The dimension measurement device of claim 3,

wherein the processor specifies a shape of a side surface
of the loading platform, and specifies a region includ-
ing an object protruding from the side surface as a
region in which the unnecessary object is present.

5. The dimension measurement device of claim 3,

wherein the processor specifies a rectangular area with an
upper surface of the loading platform as either a bottom
surface or a cross-section of the area, and specifies a
region including an object which is present outside the
area as a region in which the unnecessary object is
present.

6. The dimension measurement device of claim 2,

wherein the predetermined information is pixel informa-
tion of a region in the background distance image
which corresponds to a region in which the unnecessary
object is present.

7. The dimension measurement device of claim 1,

wherein the predetermined information is Null data.

8. The dimension measurement device of claim 2,

wherein the processor performs coordinate development
of the final cargo distance image in a three-dimensional
matching space, generates a circumscribed rectangular
parallelepiped of the final cargo distance image having
been subjected to the coordinate development, and
calculates dimensions of the circumscribed rectangular
parallelepiped.

9. The dimension measurement device of claim 7,

wherein the processor performs coordinate development
of the second cargo distance image in a three-dimen-
sional matching space, generates a circumscribed rect-
angular parallelepiped of the second cargo distance
image having been subjected to the coordinate devel-
opment, and calculates dimensions of the circum-
scribed rectangular parallelepiped.

10. The dimension measurement device of claim 1,

wherein the transmitter is a projector that projects mea-
surement light as the measurement waves, and

wherein the receiver is a camera that receives the reflected
measurement light.

11. A dimension measurement method of measuring
dimensions of a cargo placed on a loading platform or a
cargo with a loading platform, the dimension measurement
method comprising:

transmitting measurement waves by a transmitter;

receiving the reflected measurement waves and acquiring

a first cargo distance image including the cargo and the
loading platform by a receiver; and

causing a processor, cooperating with the memory, to

store the first cargo distance image in the memory, to
specify a region including an unnecessary object other
than the cargo or the cargo with a loading platform in
the first cargo distance image, on the basis of a shape
of the loading platform which is present in the first



US 2017/0336195 Al
12

cargo distance image, and to write predetermined infor-
mation in the specified region, thereby generating a
second cargo distance image.
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