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MAP GENERATION METHOD AND DEVICE, STORAGE MEDIUM AND
PROCESSOR

The present disclosure claims priority to a Chinese patent application No. 202010318680.7 filed
on April 21, 2020 and entitled "map generation method and device, storage medium and

processor", disclosure of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to the field of map generation and, in particular, a map generation

method and device, a storage medium, and a processor.

BACKGROUND

At present, a robot primarily perceives and acclimates to the environment in the way of real-
time positioning and mapping. That is, the robot acquires a map of the local environment nearby
the position in which the robot is located through a sensor (such as a lidar), marks an occupied
zone, an idle zone, and an unexplored zone on the map, then proceeds to the unexplored zone to
further explore the environment, and expands the map of the local environment according to the
acquired data, thereby completing the cognition and mapping of the whole environment in
which the robot is located. However, building construction usually requires multiple robots of
different functions to work alternately or cooperatively. In this case, the preceding method of
real-time positioning and mapping has a series of problems: (1) Before starting operating on the
scene (such as some floor under construction), each robot needs to traverse the entire floor to
acquire the map and then starts to operate, greatly reducing the operation efficiency. (2) For the
same environment (such as the same floor), different robots operating in may repeat the
mapping work many times, resulting in a waste of resources. (3) Limited by factors such as the

cost, the radar used for mapping is generally at a centimeter level or has relatively low precision.

In view of the preceding problems, no effective solution has been proposed yet.

SUMMARY

Embodiments of the present disclosure provide a map generation method and device to at least
solve the technical problem in the related art as follows: mapping requires to be performed

before a map is generated so that the efficiency is low.



10

15

20

25

30

In an aspect of the embodiments of the present disclosure, a map generation method is provided.
The method includes the steps below. A three-dimensional point cloud of a target building is
acquired. An obstacle zone and a traversable zone of the target building are determined
according to the three-dimensional point cloud. An indoor map of the target building is

generated according to the obstacle zone and the traversable zone.

In some embodiments of the present disclosure, the step in which the obstacle zone of the target
building is determined according to the three-dimensional point cloud includes the steps below.
The three-dimensional point cloud is intercepted by a horizontal plane to acquire point cloud
data of an obstacle corresponding to the horizontal plane. The point cloud data of the obstacle is
projected on the horizontal plane so as to determine an obstacle contour of the obstacle on the
horizontal plane. A corresponding obstacle grid picture is generated according to the obstacle

contour to determine the obstacle zone.

In some embodiments of the present disclosure, the step in which the traversable zone of the
target building is determined according to the three-dimensional point cloud includes the steps
below. Point cloud data of the ground of the target building is determined according to the three-
dimensional point cloud. A traversable contour is determined according to the point cloud data
of the ground. A corresponding traversable grid picture is generated according to the traversable

contour to determine the traversable zone.

In some embodiments of the present disclosure, before the step in which the corresponding
obstacle grid picture is generated according to the obstacle contour, or the step in which the
corresponding traversable grid picture is generated according to the traversable contour, the
method includes the steps below. A new grid picture is established. The grid picture has a
resolution of r, and the width iwidth and the height iheight of the grid picture are calculated by

the formulas below.

iwidth =

Xmax — xmin]
Tr

iheight = [—ymax — ymin]

r
Xmax 18 the maximum value of X coordinates in an intersection set of point cloud data of the
obstacle contour, and point cloud data of the traversable contour. X, is the minimum value of
the X coordinates in the intersection set of the point cloud data of the obstacle contour, and the

point cloud data of the traversable contour. y_ ~ is the maximum value of Y coordinates in the
2
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intersection set of the point cloud data of the obstacle contour, and the point cloud data of the

traversable contour. y, . is the minimum value of the Y coordinates in the intersection set of the

point cloud data of the obstacle contour, and the point cloud data of the traversable contour.

In some embodiments of the present disclosure, the step in which the corresponding obstacle
grid picture is generated according to the obstacle contour includes the steps below. A quantity
of point cloud data of the obstacle contour in each grid of the grid picture is determined
according to the obstacle contour. In the case where the quantity in a grid does not exceed a
preset quantity, the grid is determined as a first preset gray scale, and in the case where the
quantity in a grid exceeds the preset quantity, the grid is determined as a second preset gray
scale, so that the obstacle grid picture is generated. Moreover/alternatively, the step in which the
corresponding traversable grid picture is generated according to the traversable contour includes
the steps below. A quantity of point cloud data of the traversable contour in each grid of the grid
picture is determined according to the traversable contour. In the case where the quantity in a
grid does not exceed the preset quantity, the grid is determined as a first preset gray scale, and in
the case where the quantity in a grid exceeds the preset quantity, the grid is determined as a

second preset gray scale, so that the traversable grid picture is generated.

In some embodiments of the present disclosure, the step in which the point cloud data of the
ground of the target building is determined according to the three-dimensional point cloud
includes the steps below. A Z coordinate in a vertical direction of each point in the three-
dimensional point cloud is calculated to determine a distribution of the Z coordinate of the each
point cloud data in the three-dimensional point cloud. A Z coordinate value of the point cloud
data of the ground is determined according to the distribution. A plurality of point cloud data
satisfying the Z coordinate value in the three-dimensional point cloud is determined as the point

cloud data of the ground.

In some embodiments of the present disclosure, the step in which the Z coordinate value of the
point cloud data of the ground is determined according to the distribution includes the steps
below. According to the maximum value and the minimum value of a Z coordinate of all point
cloud data in the three-dimensional point cloud, and a preset interval length, the number of
intervals of a distribution histogram and a set of point cloud data corresponding to each interval
are determined to generate the distribution histogram. A lower quantile of the distribution
histogram and a subscript of a interval in which the lower quantile is located are determined. A
subscript of any interval of the intervals between a first peak value and a second peak value of

the distribution histogram is determined according to the subscript of the interval in which the
3
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lower quantile is located. A subscript corresponding to the first peak value and a subscript
corresponding to the second peak value are determined according to the subscript of the any
interval. A first Z coordinate value corresponding to the subscript of the first peak value and a
second Z coordinate value corresponding to the subscript of the second peak value are
compared. A smaller Z coordinate value of the first Z coordinate value and the second Z

coordinate value is taken as a Z coordinate value of the ground.

In some embodiments of the present disclosure, the step in which the indoor map of the target
building is generated according to the obstacle zone and the traversable zone includes the steps
below. A door grid picture of a door contour in the traversable contour of the target building is
determined according to the obstacle grid picture of the obstacle contour and the traversable
grid picture of the traversable contour. Enclosed contours of the target building is determined
according to the obstacle grid picture and the door grid picture. A boundary line of an indoor
obstacle of the target building and an indoor and outdoor boundary line of the target building are
determined according to the enclosed contours. An enclosed zone of the boundary line of the
indoor obstacle, and an enclosed zone of the indoor and outdoor boundary line are marked

separately to obtain the indoor map of the target building.

In some embodiments of the present disclosure, the step in which the door grid picture of the
door contour of the target building is determined according to the obstacle grid picture of the
obstacle contour, and the traversable grid picture of the traversable contour includes the steps
below. The obstacle grid picture is processed to connect pixels of grids in the obstacle grid
picture, and the traversable grid picture is processed to connect pixels of grids in the traversable
grid picture. The traversable grid picture after pixel connection subtracts the obstacle grid
picture after pixel connection to obtain the door grid picture of the door contour of the target
building. The step in which the enclosed contours of the target building is determined according
to the obstacle grid picture, the traversable grid picture, and the door grid picture includes the
step below. The door grid picture, the obstacle grid picture, and the traversable grid picture are

combined to generate the enclosed contours of the target building.

In some embodiments of the present disclosure, the step in which the boundary line of the
indoor obstacle and the indoor and outdoor boundary line of the target building are determined
according to the enclosed contours includes the steps below. An enclosed contour of an enclosed
zone having the largest area in the enclosed contours of the target building is taken as the indoor
and outdoor boundary line. An enclosed contour in the enclosed contours of the target building

except the indoor and outdoor boundary line is taken as the boundary line of the indoor obstacle.
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In some embodiments of the present disclosure, the step in which the enclosed zone of the
boundary line of the indoor obstacle, and the enclosed zone of the indoor and outdoor boundary
line are marked separately to obtain the indoor map of the target building includes the steps
below. The interior of the enclosed zone of the boundary line of the indoor obstacle is
determined as the obstacle zone. The obstacle zone is filled and marked by a first mark. The
exterior of the enclosed zone of the indoor and outdoor boundary line is determined as an
unexplored zone. The unexplored zone is filled and marked by a second mark. A zone in the
interior of the enclosed zone of the indoor and outdoor boundary line except the interior of the
enclosed zone of the boundary line of the indoor obstacle is determined as the traversable zone.
The traversable zone is filled and marked by a third mark. The obstacle zone marked by the first
mark, the unexplored zone marked by the second mark, and the traversable zone marked by the

third mark, and the enclosed contours constitute the indoor map of the target building.

In some embodiments of the present disclosure, before the step in which the obstacle zone and
the traversable zone of the target building are determined according to the three-dimensional
point cloud, the method includes the steps below. A Z coordinate axis in a vertical direction of
the three-dimensional point cloud is calibrated so that the positive direction of the Z coordinate
axis of the three-dimensional point cloud is vertically upward. The three-dimensional point
cloud is intercepted by a horizontal plane to determine point cloud data of a projection of a wall
body of the target building corresponding to the three-dimensional point cloud on the horizontal
plane. A straight line corresponding to any wall body is determined according to the point cloud
data of the projection. A coordinate of the three-dimensional point cloud is rotated and adjusted
according to a rotation angle of the straight line so that a horizontal axis of the target building
represented by the three-dimensional point cloud is parallel to or perpendicular to a horizontal
coordinate axis of the three-dimensional point cloud. The rotation angle is the included angle
between the straight line and the horizontal coordinate axis of the three-dimensional point cloud.
The horizontal coordinate axis is an X coordinate axis or a Y coordinate axis. The X coordinate

axis and the Y coordinate axis are perpendicular to each other.

In some embodiments of the present disclosure, the step in which the straight line corresponding
to the any wall body is determined according to the point cloud data of the projection includes
the step below. The straight line and the direction vector of the straight line are determined
according to the point cloud data of the projection. The step in which the coordinate of the
three-dimensional point cloud is rotated and adjusted according to the rotation angle of the

straight line includes the steps below. The included angle between the direction vector, and the
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positive direction of the X coordinate axis or the positive direction of the Y coordinate axis is
determined as the rotation angle. The three-dimensional point cloud is rotated and adjusted

according to the rotation angle.

In another aspect of the embodiments of the present disclosure, a map generation device is also
provided. The device includes a first determination module, a second determination module, and
a generation module. The first determination module is configured to acquire a three-
dimensional point cloud of a target building. The second determination module is configured to
determine an obstacle zone and a traversable zone of the target building according to the three-
dimensional point cloud. The generation module is configured to generate an indoor map of the

target building according to the obstacle zone and the traversable zone.

In another aspect of the embodiments of the present disclosure, a storage medium is also
provided. The storage medium is characterized in that: the storage medium includes a program
stored in the storage medium. When the program is executed, a device in which the storage

medium is located is controlled to perform any one of the methods described above.

In another aspect of the embodiments of the present disclosure, a processor is also provided.
The processor is characterized in that: the processor is configured to execute a program. When
the program is executed, the processor performs the method of any one of the embodiments

described above.

In the embodiments of the present disclosure, the three-dimensional point cloud of the target
building is acquired. The obstacle zone of the target building and the traversable zone of the
target building are determined according to the three-dimensional point cloud. The map is
generated according to the obstacle zone and the traversable zone. In this manner, the obstacle
zone and the traversable zone of the target building are directly determined by the three-
dimensional point cloud, and thus the indoor map of the target building is generated, thereby
avoiding the robot from autonomously mapping, and thereby providing the indoor map of the
target building directly generated by the three-dimensional point cloud for the robot to use. With
this configuration, the map generation efficiency is improved, and solve the technical problem
in the related art as follows: mapping is required to be performed for the robort before a map is

generated so that the efficiency is low.
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BRIEF DESCRIPTION OF DRAWINGS

The drawings described herein are used to provide a further understanding of the present
disclosure, and form a part of the present application. The example embodiments and
descriptions thereof in the present disclosure are used to explain the present disclosure and do

not limit the present disclosure in any improper way. In the drawings:

FIG. 1 is a flowchart of a map generation method according to an embodiment of the present

disclosure.

FIG. 2 is a flowchart of a map generation method according to an embodiment of the present

disclosure.

FIG. 3 is a flowchart of a method for generating a map according to an obstacle zone and a

traversable zone according to an embodiment of the present disclosure.

FIG. 4-1 is a schematic view of an obstacle grid picture according to an embodiment of the

present disclosure.

FIG. 4-2 is a schematic view of a traversable grid picture according to an embodiment of the

present disclosure.

FIG. 5-1 is a schematic view of an obstacle grid picture after pixel connection according to an

embodiment of the present disclosure.

FIG. 5-2 is a schematic view of a traversable grid picture after pixel connection according to an

embodiment of the present disclosure.

FIG. 6 is a schematic view of a door grid picture according to an embodiment of the present

disclosure.

FIG. 7 is a schematic view of enclosed contours according to an embodiment of the present

disclosure.

FIG. 8-1 is a schematic view of an indoor and outdoor boundary line according to an

embodiment of the present disclosure.

FIG. 8-2 is a schematic view of a boundary line of an indoor obstacle according to an
7
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embodiment of the present disclosure.

FIG. 9 is a schematic view of a map according to an embodiment of the present disclosure.

FIG. 10 is a schematic diagram of a map generation device according to an embodiment of the

present disclosure.

DETAILED DESCRIPTION

For a better understanding of the solutions by those skilled in the art, the solutions in
embodiments of the present disclosure will be described clearly and completely in conjunction
with the drawings in the embodiments of the present disclosure. Apparently, the embodiments
below are part, not all, of the embodiments of the present disclosure. Based on the embodiments
of the present disclosure, all other embodiments obtained by those of ordinary skill in the art

without creative work are within the scope of the present disclosure.

It is to be noted that the terms "first", and "second" in the description, claims, and preceding
drawings of the present disclosure are used to distinguish between similar objects and are not
necessarily used to describe a particular order or sequence. It should be understood that the data
used in this way is interchangeable when appropriate so that embodiments of the present
disclosure described herein can also be implemented in a sequence not illustrated or described
herein. In addition, the terms "comprising", "including", or any other variations thereof herein
are intended to encompass a non-exclusive inclusion. For example, a process, method, system,
product, or device that includes a series of steps or elements not only includes the expressly
listed steps or elements but may also include other steps or elements that are not expressly listed

or are inherent to such process, method, system, product, or device.

According to an embodiment of the present disclosure, a map generation method is provided. It
is to be noted that the steps illustrated in the flowcharts in the drawings may be performed by a
computer system such as a group of computers capable of executing instructions. Moreover,
although logical sequences are illustrated in the flowcharts, the illustrated or described steps

may be performed in sequences different from those described herein in some cases.

As shown in FIG. 1, FIG. 1 is a flowchart of a map generation method according to an

embodiment of the present disclosure. The method includes the steps below.

In step S102, a three-dimensional point cloud of a target building is acquired.
8
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In step S104, an obstacle zone and a traversable zone of the target building are determined

according to the three-dimensional point cloud.

In step S106, an indoor map of the target building is generated according to the obstacle zone

and the traversable zone.

Through these steps, the three-dimensional point cloud of the target building is acquired. The
obstacle zone and the traversable zone of the target building are determined according to the
three-dimensional point cloud. The map is generated according to the obstacle zone and the

traversable zone.

In this manner, the obstacle zone and the traversable zone of the target building are directly
determined by the three-dimensional point cloud, and thus the indoor map of the target building
is generated, thereby achieving the purpose that the robot is avoided from autonomously
mapping, and the indoor map of the target building directly is generated by the three-
dimensional point cloud for the robot to use. With this configuration, the technical effect of
improving the map generation efficiency is achieved, and the technical problem as follows in
the related art is solved: mapping is required to be performed for the robort before a map is

generated so that the efficiency is low.

Terrestrial three-dimensional laser scanning technology continuously develops, the scanning
speed and precision have been greatly improved, and thus the laser scanner can be used for
quickly acquiring point cloud data of high-precision (in millimeters) of the entire floor or even
the entire building. In this manner, the three-dimensional point cloud data is acquired. The
three-dimensional point cloud data has various purposes, such as being configured for the
construction progress tracking. If the construction robot acquires the three-dimensional point
cloud on the scene before entering the scene and operating, the three-dimensional point cloud

may also be configured for producing a high-precision map of the scene.

The three-dimensional coordinate system is taken as a reference, points of the target building
are collected, three-dimensional coordinates corresponding to point cloud data in the three-
dimensional coordinate system are determined, so as to form the three-dimensional point cloud.
The three-dimensional coordinate system includes an X coordinate axis and a Y coordinate axis
that are located in a horizontal plane and perpendicular to each other, and a Z coordinate axis in

the vertical direction.
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The obstacle zone and the traversable zone are determined according to the three-dimensional
point cloud, and the map is generated according to the obstacle zone and the traversable zone so
that the map of the target building is generated according to the three-dimensional point cloud
for other devices to use, thereby solving the following problem in the related art: mapping is

required to be performed before the map is generated so that the efficiency is low.

The obstacle zone may be an obstacle zone within a certain height range so that when using the
map, the robot or the device using the map can detect the obstacle zone by a detection apparatus
at this height, the map is more practical, and for the device using the map, the precision of the

map is higher.

In some embodiments of the present disclosure, the step in which the obstacle zone of the target
building is determined according to the three-dimensional point cloud includes the steps below.
The three-dimensional point cloud is intercepted by the horizontal plane to acquire point cloud
data of an obstacle corresponding to the horizontal plane. The point cloud data of the obstacle is
projected on the horizontal plane to determine an obstacle contour of the obstacle on the
horizontal plane. A corresponding obstacle grid picture is generated according to the obstacle

contour to determine the obstacle zone.

The horizontal plane may be a horizontal plane of a preset height. The preset height may be the
detection height of the detection apparatus of the device using the map, such as the setting

height of an infrared detector of the robot.

The horizontal plane may include a certain height tolerance. The three-dimensional point cloud
within the range of the height tolerance is acquired by the horizontal plane. The three-
dimensional point cloud corresponds to the target building. The three-dimensional point cloud is
intercepted by the horizontal plane to obtain an intersection line of a wall body of the target
building or another construction obstacle on the horizontal plane. The intersection line is

projected on the horizontal plane so that the contour of the obstacle can be determined.

In some embodiments of the present disclosure, the height of the horizontal plane from the
ground is s, and the height tolerance is 9, so a point set C,;¢; having a height of s + g from the

ground is

1) o\ .
Cobst = {Ci Z, € [Zfloor +s _E'Zfloor +s +;)'l € [1, N]}
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Copst 18 projected on the horizontal plane Z = zf,,, to obtain an intersection line point set
C',pst including contours of all obstacles of the target building at the height of the horizontal
plane. The contour of the obstacle still exists in the form of point cloud data and is not intuitive
enough. Therefore, the corresponding obstacle grid picture is generated by the obstacle contour
so that the obstacle contour can be displayed on the grid picture, facilitating generating the map

according to the grid picture, thereby improving the map generation efficiency.

In some embodiments of the present disclosure, the step in which the traversable zone of the
target building is determined according to the three-dimensional point cloud includes the steps
below. Point cloud data of the ground of the target building is determined according to the three-
dimensional point cloud. A traversable contour is determined according to the point cloud data
of the ground. A corresponding traversable grid picture is generated according to the traversable

contour to determine the traversable zone.

The traversable zone may be a traversable zone inside the target building. The traversable
contour may be a contour of a point cloud of the ground of the target building. The traversable
zone can be determined according to the traversable contour. The traversable zone may be a
traversable zone of the target building on the ground and determined based on the ground.
Therefore, a ground point set can be determined first, and the contour of the traversable zone

can be determined from the ground point set. Specifically, a point set Croorohaving a height of

ig from the ground is acquired.

) 5\ .
Criooro = {Ci Z, € [Zfloor — 37 Zfloor + E) JLE [T, N]}
According to a random sample consensus (RANSAC) algorithm, the ground point set Crjp0r 18
determined from the point set Cfipor9. The traversable contour of the traversable zone is

obtained from Cy,,, by a point cloud boundary extraction algorithm.

The traversable contour still exists in the form of point cloud data and is not intuitive enough.
Therefore, the corresponding traversable grid picture is generated by the traversable contour so
that the traversable contour can be displayed on the grid picture, facilitating generating the map

according to the grid picture, thereby improving the map generation efficiency.

In some of the embodiments of the present disclosure, before the step in which the

corresponding obstacle grid picture is generated according to the obstacle contour, or the step in
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which the corresponding traversable grid picture is generated according to the traversable
contour, the method includes the step below. A new grid picture is established. The grid picture
has a resolution of r, and the width iwidth and the height iheight of the grid picture are

calculated by the formulas below.

X — Xmi
width = [ =

iheight _ [ymax ;ymin]

Xmax 18 the maximum value of X coordinates in an intersection set of the point cloud data of the
obstacle contour, and the point cloud data of the traversable contour. X,y;,, is the minimum value
of the X coordinates in the intersection set of the point cloud data of the obstacle contour, and
the point cloud data of the traversable contour. V4, is the maximum value of Y coordinates in
the intersection set of the point cloud data of the obstacle contour, and the point cloud data of
the traversable contour. y,,;, is the minimum value of the Y coordinates in the intersection set
of the point cloud data of the obstacle contour, and the point cloud data of the traversable

contour.

For the step in which the obstacle grid picture is generated according to the obstacle contour,
and the step in which the traversable grid picture is generated according to the traversable
contour, it is needed to establish the new grid picture first. The point cloud data of the obstacle
contour is corresponded to the grid picture so as to generate the obstacle grid picture. The point
cloud data of the traversable contour is corresponded to the grid picture so as to generate the

traversable grid picture.

The resolution of r may correspond to grids in the grid picture, and one grid corresponds to one
pixel, thereby associating the coordinate value of the point cloud data with the resolution of the
grid picture. In this manner, the width of the grid picture can be determined by the ratio of the
difference between the maximum value and the minimum value of the X coordinates to the
resolution, and the height of the grid picture can be determined by the ratio of the difference
between the maximum value and the minimum value of the Y coordinates to the resolution,
thereby effectively determining the size of the obstacle grid picture and the size of the
traversable grid picture, and ensuring that the established grid picture can completely

accommodate the obstacle contour and/or the traversable contour.

In some embodiments of the present disclosure, the step in which the corresponding obstacle

grid picture is generated according to the obstacle contour includes the steps below. A quantity
12
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of point cloud data of the obstacle contour in each grid of the grid picture is determined
according to the obstacle contour. In the case where the quantity in a grid does not exceed a
preset quantity, the grid is determined as a first preset gray scale, and in the case where the
quantity in a grid exceeds the preset quantity, the grid is determined as a second preset gray
scale, so that the obstacle grid picture is generated. Moreover/alternatively, the step in which
the corresponding traversable grid picture is generated according to the traversable contour
includes the steps below. A quantity of point cloud data of the traversable contour in each grid
of the grid picture is determined according to the traversable contour. In the case where the
quantity in a grid does not exceed the preset quantity, the grid is determined as a first preset gray
scale, and in the case where the quantity in a grid exceeds the preset quantity, the grid is

determined as a second preset gray scale, so that the traversable grid picture is generated.

After the new grid picture is established, the point cloud data of the obstacle contour is
corresponded to the grid picture, grids in which the quantity of point cloud data exceeds the
preset quantity are displayed in the second preset gray scale, so as to be distinguished from
other grids displayed in the first preset gray scale. Generally, grids having no quantity of point
cloud data, or grids in which the quantity of point cloud data does not exceed the preset quantity
are displayed in a gray scale value of 0. That is, the first preset gray scale may be 0, that is,
black. The second preset gray scale may be any value. In this embodiment, in order to show the
difference, a relatively high gray scale of 255 is used. That is, white forms a sharp contrast with

the black in other grids, facilitating the user's intuitive feeling.

The display color of the traversable contour is similar to that of the obstacle contour described

above and will not be repeated herein.

In some embodiments of the present disclosure, contour grid picture of the obstacle zone is

initialized to a gray scale image of iwidth x iheight pixels and having a gray scale value of 0. A
gray scale value 9y of any pixel in an ith row and jth column (i € [1,iwidth],j € [1,iheight])

is calculated by the formula below.

gii = {0' mij < N¢hreshold
i =
J 255' mij = Nthreshold

In the formula, m;; is the number of points in the point set €', falling within a circle search

zone which takes a point ¢;; corresponding to the pixel center point as the center of the circle,
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and takes the given positive number radius as the search radius. The neighbor point search can

be achieved by a common method for constructing kdTree. N esnoiq 15 @ relatively small

positive integer. When the number of points in the search zone is not less than n,,sn014- the

pixel gray value may be set to 255.

The x coordinate and the y coordinate of the point ¢;jare obtained by the formulas below.

1
Xe;; = Xmin + (l —E)r

1
Yeij = Ymax + (l - E)r

For the contour grid picture of the traversable zone, the same process as above is used for

obtaining the gray scale picture, but the target point set for searching is C’ Floor Instead of €  bst-

In some embodiments of the present disclosure, the step in which the point cloud data of the
ground of the target building is determined according to the three-dimensional point cloud
includes the steps below. A Z coordinate in a vertical direction of each point in the three-
dimensional point cloud is calculated to determine a distribution of the Z coordinate of the each
point cloud data in the three-dimensional point cloud. A Z coordinate value of the point cloud
data of the ground is determined according to the distribution. A plurality of point cloud data
satisfying the Z coordinate value in the three-dimensional point cloud is determined as the point

cloud data of the ground.

The ceiling of the target building can be identified while the ground of the target building is
identified in the three-dimensional point cloud. Specifically, the ceiling and the ground of the
target building in the three-dimensional point cloud can be determined by the Z coordinate in
the three-dimensional point cloud. Specifically, the Z coordinate in the vertical direction of each
point in the three-dimensional point cloud is calculated to determine the ceiling and the ground
of the target building in the three-dimensional point cloud. Z coordinate values of points of the
ceiling and the ground are determined according to the distribution. Points satisfying the range

of the Z coordinates are determined as the points of the ceiling or the ground.

The distribution of the Z coordinate of the point cloud is calculated to estimate the Z coordinate

values of the ceiling and the ground. Here, it is assumed that the Z coordinate axis of the input
14
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point cloud has been calibrated to the vertical direction, and the positive direction is vertically
upward. According to the indoor point cloud characteristics of the building, it is known that
when the indoor ground and ceiling are substantially horizontal, the point cloud density has two
peak values in the height direction. One peak value is located near the ground and the other
peak value is located near the ceiling. According to this assumption, the Z coordinate values of
the ceiling and the ground can be obtained by obtaining the peak value of the point cloud
density in the height direction, thereby determining the points denoting the ceiling and the

ground in the three-dimensional point cloud.

In some embodiments of the present disclosure, the step in which the Z coordinate value of the
point cloud data of the ground is determined according to the distribution includes the steps
below. According to the maximum value and the minimum value of a Z coordinate of all point
cloud data in the three-dimensional point cloud and a preset interval length, the number of
intervals of a distribution histogram and a set of point cloud data corresponding to each interval
are determined to generate the distribution histogram. A lower quantile of the distribution
histogram, and a subscript of a interval in which the lower quantile is located are determined. A
subscript of any interval of the intervals between a first peak value and a second peak value of
the distribution histogram is determined according to the subscript of the interval in which the
lower quantile is located. A subscript corresponding to the first peak value and a subscript
corresponding to the second peak value are determined according to the subscript of the any
interval. A first Z coordinate value corresponding to the subscript of the first peak value and a
second Z coordinate value corresponding to the subscript of the second peak value are
compared. A smaller Z coordinate value of the first Z coordinate value and the second Z

coordinate value is taken as a Z coordinate value of the ground.

In the step in which according to the maximum value and the minimum value of Z coordinates
of all point cloud data in the three-dimensional point cloud, and the preset interval length, the
number of intervals of the distribution histogram, and the set of point cloud data corresponding
to each interval are determined to generate the distribution histogram, the length of the each
interval of the distribution histogram is d, and the number of intervals of the distribution

histogram is n.

[Zmax - Zmin]
n =

d

In the formula, z,,;,denotes the minimum value of the Z coordinates of all the points in the

three-dimensional point cloud. z,,,, denotes the maximum value of the Z coordinates of all the
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points in the three-dimensional point cloud. The symbol [ | denotes rounding up. A set of points

included in any interval j is H,,
sz = {Cilzci € [Zmin + (] - 1)dizmin +jd):i € [1, N]'j € [1: Tl]}

H, |. In the formula, the

The number of points included in the any interval j is hzj. hZ]. = |Hz;

symbol | | denotes the number of elements in the set.

The subscript of any interval of the intervals between the first peak value and the second peak
value of the distribution histogram is determined according to the subscript of the interval in
which the lower quantile is located. The subscript corresponding to the first peak value and the
subscript corresponding to the second peak value are determined according to the subscript of
the any interval. The first Z coordinate value corresponding to the subscript of the first peak
value and the second Z coordinate value corresponding to the subscript of the second peak value
are compared. The smaller Z coordinate value of the first Z coordinate value and the second Z

coordinate value is taken as the Z coordinate value of the ground.

The lower o quantile of the distribution of the Z coordinates of the three-dimensional point cloud
is denoted as z,. a € (0, 1). One point c; is randomly selected in the three-dimensional point

cloud. ¢; satisfies the formula below.

P(z,, <2z5) =«

The subscript of the interval of the distribution histogram in which the z, is located is set to be

index,.index, may be determined by the formula below.

index, ~ max {index € [1,n]| 2729 hy; < Na}

The histogram has two peak values. The two peak values include the first peak value and the
second peak value. The subscript of a certain interval between the two peak values of the

histogram may be estimated by the formula below.

 fndexg+index;_q
Indexmigaie = [ > ]

Then, subscripts corresponding to the two peak values of the histogram are:
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indexsoor =  argmax hzj
Je[Lindexmiddie)

indeXceying =  argmax hzj
J€lindexmiqaien]

In the formula, hzj denotes the number of points included in the interval j of the distribution

histogram. n denotes the number of intervals of the distribution histogram. The Z coordinate
value Zg 4, of the ground, and the Z coordinate value Z;;in40f the ceiling are calculated by the

formulas below.

. 1
Zfloor = Zmin + (lndexfloor - E) d

, 1
Zceiling = Zmin + (lndexceiling - E) d
In the formula, Z,,;, denotes the minimum value of the Z coordinates of all the points in the
three-dimensional point cloud. d denotes the length of each interval of the distribution

histogram.
a may be a relatively small positive number, such as 0.05.

In some embodiments of the present disclosure, the step in which the indoor map of the target
building is generated according to the obstacle zone and the traversable zone includes the steps
below. A door grid picture of a door contour in the traversable contour of the target building is
determined according to the obstacle grid picture of the obstacle contour and the traversable
grid picture of the traversable contour. Enclosed contours of the target building are determined
according to the obstacle grid picture, and the door grid picture. A boundary line of an indoor
obstacle of the target building, and an indoor and outdoor boundary line of the target building
are determined according to the enclosed contours. An enclosed zone of the boundary line of the
indoor obstacle and an enclosed zone of the indoor and outdoor boundary line are marked

separately to obtain the indoor map of the target building.

The obstacle contour may include a wall body of the target building of a preset height and a
contour of another obstacle. The traversable zone contour includes a traversable zone contour of
the ground. A door contour of the obstacle can be determined according to the obstacle contour
and the traversable zone contour. The door contour may be the door contour in the traversable
zone, i.e., a contour of a door on the building wall, which may cause the obstacle contour of the
obstacle zone to break off, on the wall of the building. In this embodiment, the target building
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may be a building whose main body has just been built, and a map is necessary for the robot to
operate. The door on the wall in the main body of the building is traversable by using the map.
When the obstacle contour of the obstacle zone is formed, the contour of the wall where a door
is disposed is configured to be connected to the contour of the outer wall of the building so that
the obstacle contour of the obstacle zone does not break up, thereby generating the enclosed
contour of the target building by overlaying the obstacle contour and the door contour. The
specific manner is that the door grid picture is determined through the obstacle grid picture and
the traversable grid picture so that a grid picture of the enclosed contour of the target building is
determined according to the obstacle grid picture and the door grid picture. The boundary line
of the indoor obstacle of the target building, and the indoor and outdoor boundary line of the
target building are determined according to the enclosed contour so that the indoor map of the

target building is generated.

The indoor and outdoor boundary line may be a boundary line between the indoor and the
outdoor of the target building, such as enclosed contours composed of walls, doors, and
windows. The boundary line of the indoor obstacle of the target building may be a boundary
line of an enclosed obstacle that is not in contact with the indoor and outdoor boundary line
within the target building, such as a boundary line of an indoor freestanding pillar. The obstacle
in contact with the indoor and outdoor boundary line forms part of the indoor and outdoor
boundary line. For example, a pillar disposed inside the wall is shown indoors as an external
cornet, causing the indoor and outdoor boundary line to form an external corner. The boundary
line of the pillar intersects the indoor and outdoor boundary line, that is, forms part of the indoor

and outdoor boundary line.

In some embodiments of the present disclosure, the step in which the door grid picture of the
door contour of the target building is determined according to the obstacle grid picture of the
obstacle contour and the traversable grid picture of the traversable contour includes the steps
below. The obstacle grid picture is processed to connect pixels of grids in the obstacle grid
picture, and the traversable grid picture is processed to connect pixels of grids in the traversable
grid picture. The traversable grid picture after pixel connection subtracts the obstacle grid
picture after pixel connection to obtain the door grid picture of the door contour of the target
building. The step in which the enclosed contours of the target building are determined
according to the obstacle grid picture, the traversable grid picture, and the door grid picture
includes the step below. The door grid picture, the obstacle grid picture, and the traversable grid

picture are combined to generate the enclosed contours of the target building.
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In the step in which the obstacle grid picture and the traversable grid picture are processed, the
contour of the obstacle zone and the contour of the traversable zone may be processed by a
morphological close operation to connect pixels of the obstacle contour, and pixels of the
traversable contour so that the obstacle contour of the obstacle grid picture forms a complete

line and the traversable contour of the traversable grid picture forms a complete line.

The obstacle grid picture, the traversable grid picture, and the door grid picture are combined to

determine the enclosed contours of the target building.

In some embodiments of the present disclosure, the step in which the boundary line of the
indoor obstacle, and the indoor and outdoor boundary line of the target building are determined
according to the enclosed contours includes the steps below. An enclosed contour of an enclosed
zone having the largest area in the enclosed contours is taken as the indoor and outdoor
boundary line. An enclosed contour in the enclosed contours except the indoor and outdoor

boundary line is taken as the boundary line of the indoor obstacle.

In the step of performing a contour extraction on the enclosed contour image to determine the
indoor and outdoor boundary line, the contour extraction may be performed on the enclosed
contour image. Polygons enclosed by the extracted contours are arranged in descending order of
the areas. The contour in the first place (that is, having the largest area) is taken as the indoor

and outdoor boundary line. Other contours are taken as boundary lines of the indoor obstacles.

In some embodiments of the present disclosure, the step in which the enclosed zone of the
boundary line of the indoor obstacle, and the enclosed zone of the indoor and outdoor boundary
line are marked separately to obtain the indoor map of the target building includes the steps
below. The interior of the enclosed zone of the boundary line of the indoor obstacle is
determined as the obstacle zone. The obstacle zone is filled and marked by a first mark. The
exterior of the enclosed zone of the indoor and outdoor boundary line is determined as an
unexplored zone. The unexplored zone is filled and marked by a second mark. A zone in the
interior of the enclosed zone of the indoor and outdoor boundary line except the interior of the
enclosed zone of the boundary line of the indoor obstacle is determined as the traversable zone.
The traversable zone is filled and marked by a third mark. The obstacle zone marked by the first
mark, the unexplored zone marked by the second mark, and the traversable zone marked by the

third mark, and the enclosed contours constitute the indoor map of the target building.
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The first mark, the second mark, and the third mark may have different colors or filling images.
Taking color as an example, the indoor obstacle zone is acquired and filled with the color of the
first mark. Specifically, the obstacle zone is filled with white (that is, a gray scale value of 255)
inside to obtain an image gi. The indoor traversable zone is acquired and filled with the color of
the third mark. Specifically, the traversable zone may be the indoor and outdoor boundary line.
After the indoor and outdoor boundary line is filled with white inside, an inverse selection
operation is performed on the image to obtain an image g>. The zone except the obstacle zone
and the traversable zone is the unexplored zone, and the contour of the unexplored zone is
acquired and filled with the color of the second mark. gi and g> may be combined to obtain an
image g3. A set P of all white pixels in g3 denotes the unexplored zone. After a morphological
dilation operation is performed on 1 pixel in g3, A set P2 of all black pixels (that is, a gray scale
value of 0) denotes the traversable zone. A set P3 of all white pixels in gobst denotes the obstacle
zone.

Then, a gray scale image g4 having iwidth % iheight pixels and a gray scale value of 0 is
initialized, the gray scale value g;; of the any pixel p;;in the ith row and jth column (i€

[1,iwidth],j € [1, iheight]) is calculated by the formula below.

grey, pij € P
gij =1 255, pij € P,
0, pij € P3
In the formula, gray € (0,255) is a given integer, denotes the unexplored zone in gray, and

may be 128. The obtained grid map g4 is the map.

In some embodiments of the present disclosure, before the step in which the obstacle zone and
the traversable zone of the target building are determined according to the three-dimensional
point cloud, the method includes the steps below. The Z coordinate axis in the vertical direction
of the three-dimensional point cloud is calibrated so that the positive direction of the Z
coordinate axis of the three-dimensional point cloud is vertically upward. The three-dimensional
point cloud is intercepted by a horizontal plane to determine point cloud data of a projection of
a wall body of the target building corresponding to the three-dimensional point cloud on the
horizontal plane. A straight line corresponding to any wall body is determined according to the
point cloud data of the projection. A coordinate of the three-dimensional point cloud is rotated
and adjusted according to a rotation angle of the straight line so that a horizontal axis of the
target building represented by the three-dimensional point cloud is parallel to or perpendicular
to a horizontal coordinate axis of the three-dimensional point cloud. The horizontal axis of the

target building includes the real X coordinate axis and the real Y coordinate axis of the target
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building. The rotation angle is the included angle between the straight line and the horizontal
coordinate axis of the three-dimensional point cloud. The horizontal coordinate axis is the X
coordinate axis or the Y coordinate axis. The X coordinate axis and the Y coordinate axis are

perpendicular to each other.

The three-dimensional point cloud in the three-dimensional coordinate system may have the
same orientations as the real target building in the real space. Specifically, the three-dimensional
coordinate system of the three-dimensional point cloud is the same as the three-dimensional
coordinate system of the target building. That is, the X coordinate axis of the three-dimensional
point cloud and the X coordinate axis of the target building are parallel and have the same
positive direction. The Y coordinate axis of the three-dimensional point cloud and the Y
coordinate axis of the target building are parallel and have the same positive direction. The Z
coordinate axis of the three-dimensional point cloud and the Z coordinate axis of the target
building are parallel and have the same positive direction. However, in most cases, an included
angle exists between the three-dimensional coordinate system of the three-dimensional point

cloud and the three-dimensional coordinate system of the target building.

Therefore, in the process of generating the three-dimensional point cloud, the case in which the
three-dimensional coordinate stated above does not coincide with the three-dimensional
coordinate system of the real target building may exist, resulting in the case in which the
generated X coordinates of the three-dimensional point cloud do not coincide with the X
coordinate axis of the three-dimensional coordinate system, and the generated Y coordinates of
the three-dimensional point cloud do not coincide with the Y coordinate axis of the three-
dimensional coordinate system so that the amount of calculation is large. Therefore, it is needed
to adjust the coordinate of each point of the three-dimensional point cloud so that the horizontal
axis of the target building is parallel to or perpendicular to the coordinate axis, thereby

improving the operation efficiency.

In the step of adjusting the coordinate of the each point of the three-dimensional point cloud, the
Z coordinate axis in the vertical direction of the three-dimensional point cloud may be
calibrated first so that the positive direction of the Z coordinate axis of the three-dimensional
point cloud is vertically upward, and then the X coordinate axis and the Y coordinate axis in the

horizontal plane of the three-dimensional point cloud are adjusted.

In some embodiments of the present disclosure, one straight line in an intersection line point set

of the three-dimensional point cloud and the horizontal plane is acquired. The coordinate of the
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each point of the three-dimensional point cloud is rotated and adjusted according to the rotation
angle of the straight line. The rotation angle is the angle between the straight line and the

horizontal coordinate axis.

The three-dimensional point cloud is rotated and transformed so that the direction of the X
coordinate axis of the target building represented by the three-dimensional point cloud is
parallel or perpendicular to the X coordinate axis of the three-dimensional coordinate system of
the three-dimensional point cloud, and the direction of the Y coordinate axis of the target
building represented by the three-dimensional point cloud is parallel or perpendicular to the Y
coordinate axis of the three-dimensional coordinate system of the three-dimensional point cloud.
In general, the coordinate adjustment can be accomplished by performing a principal
components analysis on the three-dimensional point cloud. However, the problem that the axis
direction of the three-dimensional coordinate system of the three-dimensional point cloud after
the adjustment is not parallel (or perpendicular) to the X coordinate axis or the Y coordinate
axis of the target building still exists. In this embodiment, the point cloud coordinate adjustment
may be performed by the method below. The three-dimensional point cloud is intercepted by
one horizontal plane to obtain intersection lines that are mainly wall bodies of the target
building. The main indoor wall bodies of the target building are substantially perpendicular to
each other and projections thereof on the horizontal plane are straight lines so that the three-
dimensional point cloud coordinate adjustment can be accomplished by rotating the intersection

lines parallel to or perpendicular to the X coordinate axis or the Y coordinate axis.

The straight line and the direction vector of the straight line are determined according to the
point cloud data of the projection. The step in which the coordinate of the three-dimensional
point cloud is rotated and adjusted according to the rotation angle of the straight line includes
the steps below. The included angle between the direction vector and the positive direction of
the X coordinate axis or the positive direction of the Y coordinate axis is determined as the
rotation angle. The three-dimensional point cloud is rotated and adjusted according to the

rotation angle.

In some embodiments of the present disclosure, the step in which the straight line of the

intersection line of the three-dimensional point cloud is acquired includes the steps below.

The height of the horizontal plane from the ground is s, and the height tolerance is 9, so a point

set C,psthaving a height of s + g from the ground is
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) 5\ .
Cobst = {Ci Zc; € [Zfloor +s _E:Zfloor +s +E):l € [LN]}

Copst is projected on the horizontal plane Z =z}, to obtain the intersection line point set C’ op.
According to the intersection line point set C’,p;, one straight line and the direction vector of the
straight line are determined by the RANSAC algorithm.

The step in which the coordinate of the three-dimensional point cloud is rotated and adjusted
according to the rotation angle of the straight line includes that the angle between the vector
vand the positive direction of the X coordinate axis is 0. For any point ¢; in the three-
dimensional point cloud, a homogeneous coordinate before the rotation and adjustment is a, and
a homogeneous coordinate after the rotation and adjustment is a'. The coordinate after the
rotation and adjustment can be obtained by a’ = Ta. In the formula, T is a transformation matrix

and is obtained by the formula below.

cos@ —sind
T —|sinf cosé

1

The any point ¢; in the three-dimensional point cloud is rotated and adjusted by the preceding

formula to adjust the three-dimensional point cloud.
In addition, the present disclosure also provides an embodiment that is described in detail below.

With the disappearance of the population dividend and the aggravation of population aging in
China, labor costs are constantly rising. In particular, in the construction industry, due to the
complicated situation of the construction scene and the dangerous and hostile working
environment, the shortage of labor in construction positions becomes more and more severe.
That the construction robot is applied to the construction scene is a key solution to the preceding
problem. The construction robot is required to perceive the scene environment on the premise
that construction robot can normally move and operate on the construction scene. Therefore, the

map of the scene is of great significance for guiding the robot to a designated working position.

In recent years, the terrestrial three-dimensional laser scanning technology continuously evolves,
the scanning speed and precision have been greatly improved, and thus practical conditions for
quickly acquiring point cloud data of high-precision (in millimeters) of the entire floor or even
the entire building by the laser scanner have been possessed. The point cloud data has various

purposes, such as being configured for the construction progress tracking. If the construction
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robot acquires the high-precision point cloud of the scene are acquired before entering the scene
and operating, the high-precision point cloud may also be configured for producing a high-

precision map of the scene.

The main contents of this embodiment are to generate a two-dimensional grid map from an
indoor three-dimensional point cloud. The two-dimensional grid map is configured for

providing various types of robots to guide the robots to move inside the building.

In this embodiment, first, the three-dimensional point cloud is processed to obtain an obstacle
contour of an obstacle and a traversable contour of a traversable zone. Then, according to the
obstacle contour and the traversable contour, a grid map is generated. The resolution of the map

may be any value not higher than the resolution of the three-dimensional point cloud.

This embodiment can save the mapping work of the robot before the operation, save the
mapping time, and reduce the repetitive work. Moreover, if the used point cloud can achieve
precision in millimeters, the generated map can also achieve a precision in millimeters,

supporting different requirements of various indoor robots.

As shown in FIG.2, FIG. 2 is a flowchart of a map generation method according to an
embodiment of the present disclosure. The flowchart for generating the two-dimensional grid
map according to the three-dimensional point cloud as shown in FIG. 1 includes four steps
below. 1. The ground and the ceiling are identified. 2. Coordinates of the three-dimensional
point cloud are adjusted. 3. The obstacle contour of the obstacle and the traversable contour of

the traversable zone are acquired. 4. The two-dimensional grid map is generated.

Specifically, in step 1 in which The ground and the ceiling are identified, the distribution of Z
coordinates of the point cloud is calculated to estimate Z coordinate values of the ceiling and the
ground. Here, it is assumed that a Z coordinate axis of the input three-dimensional point cloud
has been calibrated to the vertical direction, and the positive direction of the Z coordinate axis is
vertically upward. According to the indoor point cloud characteristics of the building, it is
known that when the indoor ground and ceiling are substantially horizontal, the point cloud
density has two peak values in the height direction. One peak value is located near the ground
and the other peak value is located near the ceiling. According to this assumption, the Z
coordinate values of the ceiling and the ground can be obtained by obtaining the peak values of

the point cloud density in the height direction, the steps are described below.
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1) A distribution histogram of the Z coordinates of the point cloud is acquired.

It is assumed that the input point cloud C includes N points, for any point ¢; among the N points,

¢; € C, the Z coordinate of the any point ¢; is z,, the length of each interval of the distribution

histogram is d (d > 0), and the number of intervals of the distribution histogram is

n = [Zmax - Zmin]
d

Zmax = Max Zc,, i €[1,N]
L

Zmin = MinZg, i €[1,N]
l
In the formula (1), the symbol [ | denotes rounding up. A set of points included in any interval j
is

Hy, = {ci|zc, € [2min + G — Dd, Zmin + jd),i € [LLN],j € [1,n]} (2)

The number of points included in any interval j (that is, the frequency) is

3)

In the formula (3), the symbol | | denotes the number of elements in the set.

hy, =

H,,

2) The Z coordinate estimated values of the ground and the ceiling are is calculated.
The lower o quantile of the distribution of the Z coordinates of the three-dimensional point cloud
is denoted as z,. That is, the given @ € (0, 1). One point c; is randomly selected in the three-

dimensional point cloud. ¢; satisfies the formula below.
P(ch- Szgy)=a 4

It is assumed that the subscript of the interval of the distribution histogram in which the z,, is

located is index,.index,may be estimated by the formula below.

index, ~ max {index € [1,n]| Zﬁ-’;‘iex hg, < Na} ®)

According to the assumption, the histogram has two peak values. The subscript of a certain

interval between the two peak values of the histogram may be estimated by the formula below.

[Indexa+1ndex1_a

- l.a€(0,1) (6)

Indexmigaie =

In the formula (6), @ may be a relatively small positive number, such as 0.05.
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Then, subscripts corresponding to the two peak values of the histogram are:

indexgioor = argmax  hy, 7
J€[Lindexmiqate)

indeXcening =  argmax  hy, (8)
J€lindexmigaien]
(7)(8)The Z coordinate estimated value Z e in4 Of the ceiling and the Z coordinate estimated

value Zgo0r of the ground are calculated by the formulas below.

. 1
Zfloor = Zmin T (lndexﬂoor - 5) d 9

, 1
Zceiling = Zmin + (lndexceiling - E) d (100

(9)(10)In step 2 in which coordinates of the three-dimensional point cloud are adjusted, the
three-dimensional point cloud is rotated and transformed so that the axis direction of the three-
dimensional point cloud representing the target building is parallel or perpendicular to the X
coordinate axis or the Y coordinate axis. In general, the coordinate adjustment can be
accomplished by performing a principal components analysis on the three-dimensional point
cloud. However, the following problem still exists: the adjusted axis direction is still not parallel
(or perpendicular) to the X coordinate axis or the Y coordinate axis of the target building. In this
embodiment, the three-dimensional point cloud coordinate adjustment may be performed by the
method below. The three-dimensional point cloud is intercepted by one horizontal plane to
obtain intersection lines that are mainly wall bodies. It is assumed that the main indoor wall
bodies of the target building are substantially perpendicular to each other, and projections
thereof on the horizontal plane are straight lines, so that the three-dimensional point cloud
coordinate adjustment can be accomplished by rotating the intersection lines to be parallel to or
perpendicular to the X coordinate axis or the Y coordinate axis. The specific steps are as given

below.

1) An intersection line set of the three-dimensional point cloud and the horizontal plane, and one

straight line in the intersection line set is acquired. The height of the horizontal plane from the
ground is s, and the height tolerance is 9, so a point set C,,s having a height of s + g from the

ground is obtained.

Cobst = {Ci

6 5\ .
Ze, € | Zpi00r + 5 = 3. Zp100r +5+3), i € [LN]}  (11)

Copst is projected on the horizontal plane Z = zg;y,, to obtain the point set C'ps¢. For the
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intersection line point set C',ps;, one two-dimensional straight line in the intersection line point
set and the direction vector of the straight line are obtained by a universal random sample

consensus (RANSAC) algorithm.
2) A rotation angle is acquired to rotate and adjust the point cloud coordinates.

It is assumed that the angle between the vector vand the X coordinate axis is 6. For any point c;
in the three-dimensional point cloud, a homogeneous coordinate before the rotation and
adjustment is a, and a homogeneous coordinate after the rotation and adjustment is a'. The

coordinate after the rotation and adjustment can be obtained by the formula below.

a'=Ta (12)
In the formula (12), T is a transformation matrix and is obtained by the formula below.
cosf@ —sinf

(T = sinf@ cos@ (13)

1

The any point c¢; in the three-dimensional point cloud is rotated and adjusted by the formula (12).

In step 3 in which the obstacle contour of the obstacle and the traversable contour of the
traversable zone are acquired, the map has two key messages, that is, an occupied zone (or the

obstacle zone) and an idle zone (or the traversable zone).

The two key messages can be obtained by obtaining contours of obstacles such as a wall, a pillar,
and a bay window sill, and the range of traversable places on the ground in the three-

dimensional point cloud. The specific steps are as given below.

1) The obstacle contour of the obstacle zone is acquired. According to the description of the step
2, the intersection line point set C’,p; obtained in the step 1) of the step 2 after the rotation and
adjustment is the three-dimensional point cloud composed of the contours of the obstacles at a

given height s.

2) The traversable contour of the traversable zone is acquired. A point set Crj,,rohaving a height

of + g from the ground is acquired by the formula below.

[ A
Cflooro = {Ci Z;, € [Zfloor _;:Zfloor +;):l € [LN]} (14)
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If the ground point set is Cjoors Crigor S Crigoro- A planar model can be obtained from C,0r9

by the universal RANSAC algorithm, and points inside the model is the ground point set C50,¢-

A common point cloud boundary extraction algorithm can be used. For example, a ground
contour C'fy,, is obtained from the Cryp0r-based on through the point cloud boundary extraction
based on the threshold evaluation of the vectorial angle of k-nearest neighbor points, that is, the
traversable contour of the traversable zone.

3) According to the contour of the three-dimensional point cloud, an obstacle grid picture of the
obstacle contour of the obstacle zone and a traversable grid picture of the traversable contour of
the traversable zone are obtained. The output resolution is assumed to be r. That is, one pixel in
the grid picture represents that the actual distance is r, and then the width iwidth and the height
iheight of the grid picture are calculated by the formulas below.

iwidth = [fmenin| (15)

iheight = [VmexYmin] (16)

r

In the formulas (15) and (16), Xpax =maxeXc,Ci € Copst U Clrigor 3 Xmin =
. ] ] 3 _ / r . —
mlncixci' Ci € C obst U Cfloor > Ymax = maxciYCi' Ci € C obst U Cfloor > and Vmin =

mineYe,, Ci € C'opst U C'fio0r» in the formulas, x., and y., are the x coordinate and the y

coordinate of the point c;, respectively.

The obstacle grid picture of the obstacle contour of the obstacle zone is initialized to a gray scale
image of iwidth * iheight pixels and having a gray scale value of 0. A gray scale value g;; of any
pixel in an ith row and jth column (i € [1, iwidth],j €[1, iheight]) is calculated by the formula

below.

g = {0, Mij < N¢hreshold a17)
Y (255, myj = Nenresnola

In the formula, m;; is the number of points in the point set C’ g falling within a circle search
zone that takes the point ¢;; corresponding to the pixel center point as the center of the circle and
the given positive number radius as the search radius. The nearest-neighbor point search can be
achieved by a common method for constructing kdTree. n¢presnoia 1 @ relatively small positive
integer. When the number of points in the search zone is not less than n¢pyesnoiq» the pixel gray
value may be set to 255. The x coordinate and the y coordinate of the point c;;are obtained by the

formulas below.
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1
Xe;; = Xmun + (l - E) r

Yeij = Ymax + (i —%)7‘
For the traversable grid picture of the traversable contour and the traversable zone, the same
process as above is used for obtaining the gray scale picture, but the searched target point set is
C'f100r instead of C'pg;.
In step 4 in which the two-dimensional grid map is generated, after the obstacle grid picture of
the obstacle contour of the obstacle zone, and the traversable grid picture of the traversable
contour of the traversable zone are acquired, a series of image processing is performed to obtain
the map. FIG. 3 is a flowchart of a method for generating a map according to an obstacle zone
and a traversable zone according to an embodiment of the present disclosure. As shown in FIG.

3, the specific steps are as given below.

1) FIG. 4-1 is a schematic view of an obstacle grid picture according to an embodiment of the
present disclosure. FIG. 4-2 is a schematic view of a traversable grid picture according to an
embodiment of the present disclosure. FIG. 5-1 is a schematic view of an obstacle grid picture
after pixel connection according to an embodiment of the present disclosure. FIG. 5-2 is a
schematic view of a traversable grid picture after pixel connection according to an embodiment
of the present disclosure. A universal morphological close operation of expanding and then
eroding is performed separately on the obstacle grid picture of the obstacle contour of the
obstacle zone (as shown in FIG. 4-1) and the traversable grid picture of the traversable contour
of the traversable zone (as shown in FIG. 4-2) to connect discontinuous contour pixels to obtain

an image gobst (as shown in FIG. 5-1) and an image gfoor (as shown in FIG. 5-2)

2) FIG. 6 is a schematic view of a door grid picture according to an embodiment of the present
disclosure. FIG. 7 is a schematic view of an enclosed contours according to an embodiment of
the present disclosure. As shown in FIGS.6 and 7, the picture of the traversable contour of the
traversable zone gnoor Subtracts the picture of the obstacle contour of the obstacle zone gobst to
obtain the door contour (as shown in FIG. 6), and then the door contour is combined with the
image gobst to obtain a complete enclosed contour image (as shown in FIG. 7).

3) FIG. 8-1 is a schematic view of an indoor and outdoor boundary line according to an
embodiment of the present disclosure. FIG. 8-2 is a schematic view of a boundary line of an
indoor obstacle according to an embodiment of the present disclosure. As shown in FIGS. 8-1
and 8-2, a contour extraction is performed on the image obtained in the preceding step.

Moreover, polygons enclosed by the extracted contours are arranged in descending order of the
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area. The contour in the first place (that is, the contour having the largest area) is taken as an
indoor and outdoor boundary line (as shown in FIG. 8-1). Other contours are taken as boundary

lines of the indoor obstacles (as shown in FIG. 8-2).

4) The boundary lines of the indoor obstacles are filled with white (that is, a gray scale value of
255) inside to obtain an image gi. After the indoor and outdoor boundary line is filled with white
inside, an inverse selection operation is performed on the enclosed contour image to obtain an
image g». g1 and grare combined to obtain an image g3. A set Py of all white pixels in g3 denotes
the unexplored zone. After a morphological dilation operation is performed on one pixel in g3 a
set P> of all black pixels (that is, a gray scale value of 0) denotes the traversable zone. A set P3 of
all white pixels in gobst denotes the obstacle zone.

5) A gray scale image g4 having iwidth> iheight pixels and a gray scale value of 0 is initialized,
the gray scale value g;; of the any pixel p;;in the ith row and jth column (i € [1,iwidth],] &€[1,

iheight]) is calculated by the formula below.

grey, pij € P
gij =1 255 pij €P, (18)
O, pl] € P3

In the formula, gray € (0,255) is a given integer, denotes the unexplored zone that is in gray,
and may be 128. As shown in FIG.9, FIG. 9 is a schematic view of a map according to an

embodiment of the present disclosure, the obtained grid map ga is the map.

FIG. 10 is a schematic diagram of a map generation device according to an embodiment of the
present disclosure. As shown in FIG.10, in another aspect of the embodiments of the present
disclosure, a map generation device is provided. The device includes a first determination
module 1002, a second determination module 1004, and a generation module 1006. The device

is described in detail below.

The first determination module 1002 is configured to acquire a three-dimensional point cloud of
a target building. The second determination module 1004 is connected to the first determination
module 1002, and is configured to determine an obstacle zone and a traversable zone of the
target building according to the three-dimensional point cloud. The generation module 1006 is
connected to the second determination module 1004, and is configured to generate an indoor

map of the target building according to the obstacle zone and the traversable zone.

Through the device, the three-dimensional point cloud of the target building is determined by
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the first determination module 1002. The obstacle zone and the traversable zone of the target
building are determined according to the three-dimensional point cloud by the second
determination module 1004. The indoor map of the target building is generated according to the
obstacle zone and the traversable zone by the generation module 1006. In this manner, the
obstacle zone and the traversable zone of the target building are directly determined by the
three-dimensional point cloud, thereby generating the indoor map of the target building,
avoiding the robot from autonomous mapping, and providing the map directly generated by the
three-dimensional point cloud for the robot to use, improving the map generation efficiency, and
solving the following technical problem in the related art: the robot is required to map first

before the map is generated so that the efficiency is low.

In another aspect of the embodiments of the present disclosure, a storage medium is also
provided. The storage medium includes a program stored in the storage medium. When the
program is executed, a device in which the storage medium is located is controlled to perform

the method of any one of the embodiments described above.

In another aspect of the embodiments of the present disclosure, a processor is also provided.
The processor is configured to execute a program. When the program is executed, the processor

performs the method of any one of the embodiments described above.

The serial numbers of the embodiments described above in the present disclosure are merely for

description and do not indicate superiority or inferiority of the embodiments.

In the embodiments described above of the present disclosure, the description of each
embodiment has its own emphasis. For a part not described in detail in a certain embodiment,

reference may be made to a related description of other embodiments.

It should be understood that the technical contents disclosed in the embodiments of the present
disclosure may be implemented in other ways. The device embodiments described above are
merely exemplary. For example, the unit classification may be a logical function classification,
and, in practice, the unit classification may be implemented in other ways. For example,
multiple units or components may be combined or may be integrated into another system, or
some features may be omitted or not executed. Additionally, the presented or discussed mutual
coupling, direct coupling, or communication connections may be indirect coupling or
communication connections via interfaces, units, or modules, or may be electrical or in other

forms.
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The units described as separate components may or may not be physically separated.
Components presented as units may or may not be physical units, that is, may be located in one
place or may be distributed on multiple units. Part or all of these units may be selected
according to practical requirements to achieve the objects of the solutions in the embodiments

of the present disclosure.

Additionally, various functional units in each embodiment of the present disclosure may be
integrated into one processing unit, or each unit may be physically present separately, or two or
more units may be integrated into one unit. The integrated unit may be implemented by

hardware or by a software functional unit.

The integrated unit may be stored in a computer-readable storage medium if implemented in the
form of the software functional unit and sold or used as an independent product. Based on this
understanding, the solutions provided by the present invention substantially, or the part
contributing to the existing art, may be embodied in the form of a software product. The
computer software product is stored on a storage medium and includes several instructions for
enabling a computer device (which may be a personal computer, a server, a network device, or
the like) to execute all or part of the steps in the methods provided by the embodiments of the
present disclosure. The above storage medium may be a U disk, a read-only memory (ROM), a
random access memory (RAM), a mobile hard disk, a magnetic disk, an optical disk, or another

medium capable of storing program codes.

The above are merely preferred embodiments of the present disclosure. It is to be noted that for
those skilled in the art, several improvements and modifications may be made without departing
from the principle of the present disclosure, and these improvements and modifications are

within the scope of the present disclosure.
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What is claimed is:
1. A map generation method, comprising:
acquiring a three-dimensional point cloud of a target building;

determining an obstacle zone and a traversable zone of the target building according to the

three-dimensional point cloud; and

generating an indoor map of the target building according to the obstacle zone and the

traversable zone.

2. The method according to claim 1, wherein determining the obstacle zone of the target
building according to the three-dimensional point cloud comprises:

intercepting the three-dimensional point cloud by a horizontal plane to acquire point cloud data

of an obstacle corresponding to the horizontal plane;

projecting the point cloud data of the obstacle on the horizontal plane to determine an obstacle

contour of the obstacle on the horizontal plane; and

generating a corresponding obstacle grid picture according to the obstacle contour to determine

the obstacle zone.

3. The method according to claim 2, wherein determining the traversable zone of the target
building according to the three-dimensional point cloud comprises:

determining point cloud data of a ground of the target building according to the three-

dimensional point cloud;
determining a traversable contour according to the point cloud data of the ground; and

generating a corresponding traversable grid picture according to the traversable contour to

determine the traversable zone.

4. The method according to claim 3, before generating the corresponding obstacle grid picture
according to the obstacle contour, or generating the corresponding traversable grid picture
according to the traversable contour, the method further comprises:

establishing a new grid picture, wherein the grid picture has a resolution of r, and a width iwidth
and a height iheight of the grid picture are calculated by formulas below:
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Xmax — xmin]
T

iwidth =

iheight = [ymax ;ymin]

wherein x4, 1s @ maximum value of X coordinates in an intersection set of point cloud data of
the obstacle contour, and point cloud data of the traversable contour; X;;i, 1S @ minimum value
of the X coordinates in the intersection set of the point cloud data of the obstacle contour, and

the point cloud data of the traversable contour; Y~ is a maximum value of Y coordinates in

the intersection set of the point cloud data of the obstacle contour, and the point cloud data of

the traversable contour; and y_ . is a minimum value of the Y coordinates in the intersection

min
set of the point cloud data of the obstacle contour, and the point cloud data of the traversable

contour.

5. The method according to claim 4, wherein generating the corresponding obstacle grid picture

according to the obstacle contour comprises:

determining a quantity of point cloud data of the obstacle contour in each grid of the grid
picture according to the obstacle contour, in a case where the quantity in a grid does not exceed
a preset quantity, determining the grid as a first preset gray scale, and in a case where the
quantity in a grid exceeds the preset quantity, determining the grid as a second preset gray scale,

so that the obstacle grid picture is generated; and/or

wherein generating the corresponding traversable grid picture according to the traversable

contour comprises:

determining a quantity of point cloud data of the traversable contour in each grid of the grid
picture according to the traversable contour, in a case where the quantity in a grid does not
exceed the preset quantity, determining the grid as a first preset gray scale, and in a case where
the quantity in a grid exceeds the preset quantity, determining the grid as a second preset gray

scale, so that traversable grid picture is generated.

6. The method according to claim 3, wherein determining the point cloud data of the ground of

the target building according to the three-dimensional point cloud comprises:

calculating a Z coordinate in a vertical direction of each point in the three-dimensional point
cloud to determine a distribution of the Z coordinate of the each point cloud data in the three-

dimensional point cloud;

determining a Z coordinate value of the point cloud data of the ground according to the
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distribution; and

determining a plurality of point cloud data satisfying the Z coordinate value in the three-

dimensional point cloud as the point cloud data of the ground.

7. The method according to claim 6, wherein determining the Z coordinate value of the point

cloud data of the ground according to the distribution comprises:

according to a maximum value and a minimum value of a coordinate of all point cloud data in
the three-dimensional point cloud and a preset interval length, determining a number of
intervals of a distribution histogram and a set of point cloud data corresponding to each interval

to generate the distribution histogram;

determining a lower quantile of the distribution histogram, and a subscript of a interval in which

the lower quantile is located;

determining a subscript of any interval of the intervals between a first peak value and a second
peak value of the distribution histogram according to the subscript of the interval in which the
lower quantile is located, and determining a subscript corresponding to the first peak value and
a subscript corresponding to the second peak value according to the subscript of the any interval,

and

comparing a first Z coordinate value corresponding to the subscript of the first peak value and a
second Z coordinate value corresponding to the subscript of the second peak value, and taking a
smaller Z coordinate value of the first Z coordinate value and the second Z coordinate value as a

Z coordinate value of the ground.

8. The method according to claim 5, wherein generating the indoor map of the target building

according to the obstacle zone and the traversable zone comprises:

determining a door grid picture of a door contour in the traversable contour of the target
building according to the obstacle grid picture of the obstacle contour and the traversable grid

picture of the traversable contour;

determining enclosed contours of the target building according to the obstacle grid picture and
the door grid picture;

determining a boundary line of an indoor obstacle of the target building, and an indoor and
outdoor boundary line of the target building according to the enclosed contours; and

marking an enclosed zone of the boundary line of the indoor obstacle, and an enclosed zone of
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the indoor and outdoor boundary line separately to obtain the indoor map of the target building.

9. The method according to claim 8, wherein determining the door grid picture of the door
contour of the target building according to the obstacle grid picture of the obstacle contour, and

the traversable grid picture of the traversable contour comprises:

processing the obstacle grid picture to connect pixels of grids in the obstacle grid picture, and
processing the traversable grid picture to connect pixels of grids in the traversable grid picture;

and

subtracting the obstacle grid picture after pixel connection, from the traversable grid picture
after pixel connection to obtain the door grid picture of the door contour of the target building;

and

wherein determining the enclosed contours of the target building according to the obstacle grid

picture, the traversable grid picture, and the door grid picture comprises:

combining the door grid picture, the obstacle grid picture, and the traversable grid picture to
generate the enclosed contours of the target building.

10. The method according to claim 8, wherein determining the boundary line of the indoor
obstacle of the target building, and the indoor and outdoor boundary line of the target building

according to the enclosed contours comprises:

taking an enclosed contour of an enclosed zone having a largest area in the enclosed contours as

the indoor and outdoor boundary line; and

taking an enclosed contour except the indoor and outdoor boundary line in the enclosed

contours, as the boundary line of the indoor obstacle.

11. The method according to claim 8, wherein marking the enclosed zone of the boundary line
of the indoor obstacle, and the enclosed zone of the indoor and outdoor boundary line separately
to obtain the indoor map of the target building comprises:

determining an interior of the enclosed zone of the boundary line of the indoor obstacle as the

obstacle zone, and filling and marking the obstacle zone by a first mark;

determining an exterior of the enclosed zone of the indoor and outdoor boundary line as an

unexplored zone, and filling and marking the unexplored zone by a second mark; and

determining a zone in an interior of the enclosed zone of the indoor and outdoor boundary line
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except the interior of the enclosed zone of the boundary line of the indoor obstacle as the

traversable zone, and filling and marking the traversable zone by a third mark,

wherein the obstacle zone marked by the first mark, the unexplored zone marked by the second
mark, and the traversable zone marked by the third mark, and the enclosed contours constitute

the indoor map of the target building.

12. The method according to claim 1, before determining the obstacle zone and the traversable
zone of the target building according to the three-dimensional point cloud, the method
comprises: calibrating a Z coordinate axis in a vertical direction of the three-dimensional point
cloud so that a positive direction of the Z coordinate axis of the three-dimensional point cloud is

vertically upward;

intercepting the three-dimensional point cloud by a horizontal plane to determine point cloud
data of a projection of a wall body of the target building corresponding to the three-dimensional

point cloud on the horizontal plane;

determining a straight line corresponding to any wall body according to the point cloud data of

the projection;

rotating and adjusting a coordinate of the three-dimensional point cloud according to a rotation
angle of the straight line so that a horizontal axis of the target building represented by the three-
dimensional point cloud is parallel to or perpendicular to a horizontal coordinate axis of the
three-dimensional point cloud, wherein the rotation angle is an included angle between the
straight line and the horizontal coordinate axis of the three-dimensional point cloud, and the
horizontal coordinate axis is an X coordinate axis or a Y coordinate axis, wherein the X

coordinate axis and the Y coordinate axis are perpendicular to each other.

13. The method according to claim 12, wherein determining the straight line corresponding to
the any wall body according to the point cloud data of the projection comprises:

determining the straight line and a direction vector of the straight line according to the point

cloud data of the projection;

rotating and adjusting the coordinate of the three-dimensional point cloud according to the

rotation angle of the straight line comprises:

determining an included angle between the direction vector, and a positive direction of the X

coordinate axis or a positive direction of the Y coordinate axis as the rotation angle; and

rotating and adjusting the three-dimensional point cloud according to the rotation angle.
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14. A map generation device, comprising:

a first determination module configured to acquire a three-dimensional point cloud of a target
building;
a second determination module configured to determine an obstacle zone and a traversable zone

of the target building according to the three-dimensional point cloud; and

a generation module configured to generate an indoor map of the target building according to

the obstacle zone and the traversable zone.

15. A storage medium, comprising: a program stored in the storage medium, when the program
is executed, a device in which the storage medium is located is controlled to perform the

method of any one of claims 1 to 13.

16. A processor, configured to execute a program, wherein when the program is executed, the

processor perform the method of any one of claims 1 to 13.
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