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(54) METHOD AND CHIP FOR MONITORING PET ON THE BASIS OF ROBOT EMPLOYING GRID 
MAP

(57) The disclosure relates to a method for monitor-
ing a pet by a robot based on a grid map and a chip. A
mutual position relationship between the pet and the ro-
bot is determined through wireless communication be-
tween a wireless signal device on the pet and the robot,
and then whether there is an obstacle cell or not between
grid cells where the robot and the pet are located in the
grid map is judged. If NO, it is indicated that the pet may
be effectively shot at a present position and shooting di-
rection of the robot, and the present position and shooting
direction of the robot are not required to be changed. If
YES, it is indicated that no pet but an obstacle may be
shot at the present position of the robot, so that the robot
is required to judge states of grid cells around the pet to
reselect a monitoring position point. The robot may be
controlled to find a relatively good monitoring position in
such a manner of monitoring the pet in combination with
the grid map, so that the problem that the pet is easily
obstructed by an obstacle to influence a monitoring effect
is solved, and the pet monitoring effect is improved.
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Description

Technical Field

[0001] The disclosure relates to the field of robots, and
particularly to a method for monitoring a pet by a robot
based on a grid map and a chip.

Background

[0002] At present, a pet robot may communicate with
a positioning device worn on a pet to determine a position
of the pet, thereby tracking the pet and monitoring a state
of the pet through a camera. However, a monitoring po-
sition can not be determined well by an existing robot
monitoring technology, for example, there is an obstacle
between a robot and a pet, and consequently, a moni-
toring effect may be influenced.

Summary

[0003] For solving the foregoing problem, the disclo-
sure provides a method for monitoring a pet by a robot
based on a grid map and a chip, which can determine a
position where the robot monitors the pet relatively well,
thereby achieving a relatively good monitoring effect. The
disclosure is implemented through the following specific
technical solutions.
[0004] A method for monitoring a pet by a robot based
on a grid map may include:

Step 1: a present position point of the robot and a
grid cell corresponding to the present position point
of the robot in the grid map are determined based
on the grid map constructed by the robot;
Step 2: a mutual position relationship between the
pet and the robot is determined based on wireless
communication between a wireless signal device on
the robot and a wireless signal device on the pet,
and a present position point of the pet and a grid cell
corresponding to the present position of the pet are
determined according to the mutual position relation-
ship;
Step 3: whether there is an obstacle cell or not in
grid cells, in a preset range covered by a shooting
angle of a camera through which the robot monitors
the pet, and between the grid cell where the robot is
located and the grid cell where the pet is located is
judged, When a judging result in Step 3 is NO, a
shooting direction of the camera of the robot is kept
facing to the pet and Step 2 is re-executed, and
When the judging result in Step 3 is YES, Step 4 is
entered;
Step 4: a preset region taking the grid cell where the
pet is located as a center point is determined, passed
cells are determined as monitoring cells to be deter-
mined one by one from short to long distance rela-
tionships between the passed cells in the preset re-

gion and the robot, whether there is an obstacle cell
or not in a straight grid path between the monitoring
cell to be determined and the grid cell where the pet
is located is judged,
When a judging result in Step 4 is NO, the monitoring
cell to be determined is determined as a monitoring
cell and Step 5 is entered,
When the judging result in Step 4 is YES, whether a
next passed cell is farthest from the robot or not is
judged,
When a judging result is that the next passed cell is
not farthest from the robot, Step 4 is re-executed, and
When the judging result is that the next passed cell
is farthest from the robot, the next passed cell is di-
rectly determined as the monitoring cell and Step 5
is entered; and
Step 5: the robot is controlled to walk from the
present position point to the monitoring cell to mon-
itor the pet,
wherein the obstacle cell may be a corresponding
grid cell where the robot detects an obstacle, and
the passed cell is a grid cell that the robot has passed.

[0005] According to at least one alternative embodi-
ment, the Step 1 may include:

the grid map based on an XY-axis coordinate system
taking (X0, Y0) as an origin is constructed according
to data detected by the robot in a walking process;
it is determined that a side length of the grid cell in
the grid map is L; and
based on positioning data of the robot, it is deter-
mined that a coordinate of the present position point
of the robot is (X1, Y1) and a grid coordinate of the
grid cell corresponding to the present position point
is (S11, S12), S11=(X1-X0)/L, S12=(Y1-Y0)/L, both
S11 and S12 being integers.

[0006] According to at least one alternative embodi-
ment, the Step 2 may include:

it is determined that a distance between a first Ultra
Wideband (UWB) positioning base station and a sec-
ond UWB positioning base station on a body of the
robot is W;
it is determined that a coordinate of the first UWB
positioning base station is (X11, Y11) and a coordi-
nate of the second UWB positioning base station is
(X12, Y12);
based on wireless communication between each of
the first UWB positioning base station and the sec-
ond UWB positioning base station and a UWB posi-
tioning tag on the pet, it is determined that a first
distance between the UWB positioning tag and the
first UWB positioning base station is R1 and a second
distance between the UWB positioning tag and the
second UWB positioning base station is R2;
it is determined that an included angle between lines
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taking the first UWB positioning base station as an
angular vertex and pointing to the second UWB po-
sitioning base station and the UWB positioning tag
respectively is a first included angle, the first included
angle being α1 and α1=arccos(W2+R22-

R12)/(2*W*R2));
it is determined that an included angle between lines
taking the second UWB positioning base station as
an angular vertex and pointing to the first UWB po-
sitioning base station and the UWB positioning tag
respectively is a second included angle, the second
included angle being α2 and α2=arc-
cos((W2+R12-R22)/(2*W*R1));
it is determined that a coordinate of a present position
point of the UWB positioning tag is (Xc, Yc),
Xc=X12+R2*cos(180°-α1-arccos((X12-X11)/W))
and Yc=Y11 +R1*cos(180°-α2-arcsin((X12-
X11)/W)); and
it is determined that a grid coordinate of a grid cell
corresponding to the present position point of the
UWB positioning tag is (S21, S22), S21 =(Xc-X0)/L,
S22=(Yc-Y0)/L, both S21 and S22 being integers.

[0007] According to at least one alternative embodi-
ment, the operation that it is determined that the coordi-
nate of the first UWB positioning base station on the body
of the robot is (X11, Y11) and the coordinate of the second
UWB positioning base station is (X12, Y12) may include:

a coordinate of a center point of the body of the robot
is determined as the coordinate of the present posi-
tion point of the robot, the coordinate being (X1, Y1);
it is determined that the center point of the body of
the robot is a midpoint of a connecting line of the first
UWB positioning base station and the second UWB
positioning base station;
it is determined that a distance between the first UWB
positioning base station and the second UWB posi-
tioning base station is W, a distance between the
center point of the body of the robot and the first
UWB positioning base station is W/2 and a distance
between the center point of the body of the robot and
the second UWB positioning base station is W/2;
it is determined that a present direction, detected by
a gyroscope of the robot, of the robot is α;
it is determined that the coordinate of the first UWB
positioning base station on the body of the robot is
(X11, Y11), X11=X1-((W*cosα)/2) and
Y11=Y1+((W*sinα)/2; and
it is determined that the coordinate of the second
UWB positioning base station on the body of the ro-
bot is (X12, Y12), X12=X1+((W*cosα)/2) and
Y12=Y1-((W*sinα)/2).

[0008] According to at least one alternative embodi-
ment, the operation that it is determined that the first dis-
tance between the UWB positioning tag and the first UWB
positioning base station is R1 and the second distance

between the UWB positioning tag and the second UWB
positioning base station is R2 may include:

it is determined that a propagation speed of a radio
wave is c;
it is determined that a duration from a time point of
sending distance measurement data to the UWB po-
sitioning tag by the first UWB positioning base station
to a time point of receiving a confirmation signal of
the UWB positioning tag is T11;
it is determined that a duration from a time point of
receiving by the UWB positioning tag, the distance
measurement data sent by the first UWB positioning
base station to a time point of sending the confirma-
tion signal is T12;
it is determined that a duration from a time point of
sending distance measurement data to the first UWB
positioning base station by the UWB positioning tag
to a time point of receiving a confirmation signal of
the first UWB positioning base station is T13;
it is determined that a duration from a time point of
receiving by the first UWB positioning base station,
the distance measurement data sent by the UWB
positioning tag to a time point of sending the confir-
mation signal is T14;
it is determined that the first distance between the
UWB positioning tag and the first UWB positioning
base station is R1, R1=c*(T11-T12+T13-T14)/4;
it is determined that a duration from a time point of
sending distance measurement data to the UWB po-
sitioning tag by the second UWB positioning base
station to a time point of receiving a confirmation
signal of the UWB positioning tag is T21;
it is determined that a duration from a time point of
receiving by the UWB positioning tag, the distance
measurement data sent by the second UWB posi-
tioning base station to a time point of sending the
confirmation signal is T22;
it is determined that a duration from a time point of
sending distance measurement data to the second
UWB positioning base station by the UWB position-
ing tag to a time point of receiving a confirmation
signal of the second UWB positioning base station
is T23;
it is determined that a duration from a time point of
receiving by the second UWB positioning base sta-
tion, the distance measurement data sent by the
UWB positioning tag to a time point of sending the
confirmation signal is T24; and
it is determined that the second distance between
the UWB positioning tag and the second UWB posi-
tioning base station is R2, R2=c*(T21-T22+T23-
T24)/4.

[0009] According to at least one alternative embodi-
ment, the Step 3 may include:

a direction that the camera through which the robot
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monitors the pet faces the pet is determined as the
shooting direction;
a shooting region covered by the shooting angle of
the camera, in the grid map is determined according
to the shooting direction;
grid cells corresponding to a coverage region of an
angle range in the grid map are determined, the an-
gle range being formed by a first angle arm and sec-
ond angle arm extending outwards by taking the
camera as an angular vertex, the coverage region
being smaller than and in the shooting region; and
whether there is the obstacle cell or not in the grid
cells corresponding to the coverage region is ana-
lyzed.

[0010] According to at least one alternative embodi-
ment, the Step 4 may include:

a circular region taking a center of the grid cell where
the pet is located as a circle center and taking a pre-
set length as a radius is determined;
a passed cell at a shortest distance away from the
robot in the circular region is determined as a mon-
itoring cell to be determined;
if there is an obstacle cell in a straight grid path be-
tween the monitoring cell to be determined and the
grid cell where the pet is located and a passed cell
at a second shortest distance away from the robot
in the circular region is not farthest from the robot,
the passed cell at the second shortest distance away
from the robot in the circular region is determined as
a monitoring cell to be determined;
if there is an obstacle cell in a straight grid path be-
tween the monitoring cell to be determined and the
grid cell where the pet is located and a passed cell
at a third shortest distance away from the robot in
the circular region is not farthest from the robot, the
passed cell at the third shortest distance away from
the robot in the circular region is determined as a
monitoring cell to be determined; and
above operations on next passed cell are go on being
executed.

[0011] According to at least one alternative embodi-
ment, the preset length may be any value in a range from
1 meter to 2 meters.
[0012] According to at least one alternative embodi-
ment, the Step 5 may include:

the grid map is searched at a direction on the mon-
itoring cell, from a starting point that is the present
position point of the robot;
a grid path with a shortest path length in grid paths
directly connected by passed cells between the
present position point of the robot and a center point
of the monitoring cell is determined as a navigation
grid path;
center points of the grid cells in the navigation grid

path are determined as navigation position points,
and the navigation position points are connected into
a navigation path;
the robot is controlled to walk along the navigation
path from the present position point to a monitoring
position point; and
a direction of the robot is regulated to ensure that
the shooting direction of the camera of the robot is
a direction of the pet.

[0013] A chip may be configured to store a program,
the program being configured to control the robot to ex-
ecute the abovementioned method for monitoring a pet
by a robot based on a grid map.
[0014] The disclosure has the following beneficial ef-
fects. The mutual position relationship between the pet
and the robot is determined through wireless communi-
cation between the wireless signal device on the pet and
the robot, and then whether there is an obstacle cell or
not between the corresponding grid cells where the robot
and the pet are located, in the grid map is judged to judge
whether there is an obstacle between the robot and the
pet or not. When a judgment result is that there is no
obstacle between the robot and the pet, it is indicated
that the pet may be effectively shot at a present position
and shooting direction of the robot, and the present po-
sition and shooting direction of the robot are not required
to be changed. When the judgment result is that there is
an obstacle between the robot and the pet, it is indicated
that no pet but an obstacle may be shot at the present
position of the robot, so that the robot is required to judge
states of grid cells around the pet to reselect a monitoring
position point. The passed cells in the preset region
around the pet are selected from short to long distance
relationships with the robot and determined as monitoring
cells to be determined one by one, then whether there is
an obstacle cell or not in the straight grid path between
the monitoring cell to be determined and the grid cell
where the pet is located is judged, namely whether the
pet may be effectively monitored or not at the position of
the monitoring cell to be determined is analyzed, if there
is no obstacle, the monitoring cell to be determined is
determined as the monitoring cell, and if there is an ob-
stacle, the next passed cell is analyzed. In such a manner
of analyzing the passed cells in the preset region around
the pet one by one from short to long distances away
from the robots, a position point that the robot is able to
reach fastest and where the pet may be effectively mon-
itored is able to be found, so that efficiency of monitoring
the pet by the robot is improved. In addition, if there are
obstacles between all the other passed cells, except the
passed cell farthest from the robot, in the preset region
and the pet, the passed cell farthest from the robot is
determined as the monitoring cell no matter whether
there is an obstacle between it and the pet or not, and
this is because distribution of obstacles has a character-
istic under a normal condition, namely the obstacles may
usually be concentrated in one region or some regions,
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if an obstacle cell is detected in a region, there may be
other obstacle cells in the region, and if the robot detects
an obstacle at the present position, in a certain range,
the probability of occurrence of an obstacle is lower in a
region farther from the present position. Therefore, de-
termining the passed cell farthest from the robot in the
preset range as the monitoring cell may ensure that the
robot is in a relatively open region and, when the position
of the pet changes, the monitoring position or monitoring
angle may be conveniently regulated at a low probability
of interference of an adjacent obstacle, which improves
the monitoring efficiency.
[0015] From the above, according to the disclosure,
the robot may be controlled to find a relatively good mon-
itoring position in such a manner of monitoring the pet in
combination with the grid map, so that the problem that
the pet is easily obstructed by an obstacle to influence
the monitoring effect is solved, and the pet monitoring
effect is improved.

Brief Description of the Drawings

[0016]

Fig. 1 is a flowchart of a method for monitoring a pet
by a robot based on a grid map according to the
disclosure;
Fig. 2 is an analysis diagram of converting a coordi-
nate of a position point into a coordinate of a grid cell
according to the disclosure;
Fig. 3 is a mutual position analysis diagram of two
UWB positioning base stations and a UWB position-
ing tag according to the disclosure;
Fig. 4 is an analysis diagram of calculating coordi-
nates of two UWB positioning base stations accord-
ing to a coordinate of a center point of a robot ac-
cording to the disclosure;
Fig. 6 is an analysis diagram of measuring a distance
between a UWB positioning tag and a first UWB po-
sitioning base station;
Fig. 6 is an analysis diagram of determining a grid
region shot by a robot;
Fig. 7 is an analysis diagram of determining a mon-
itoring cell; and
Fig. 8 is an analysis diagram of determining a navi-
gation path of a robot from a present position point
to a monitoring position point.

Detailed Description of the Embodiments

[0017] Specific implementation modes of the disclo-
sure will further be described below in combination with
the drawings.
[0018] A robot of the disclosure is one of intelligent
household appliances and may automatically walk in
some scenarios by virtue of certain artificial intelligence.
A body of the robot is provided with various sensors, may
detect a walking distance, a walking angle, a body state,

an obstacle and the like, for example, may automatically
turn in front of a wall or another obstacle, may walk along
different routes as planned according to different settings
and may also construct a grid map according to various
data detected in a walking process. The mobile robot of
the disclosure includes the following structures: the body
of the robot with a driving wheel and capable of autono-
mously walking, a human-computer interaction interface
arranged on the body and an obstacle detection unit ar-
ranged on the body. A camera is arranged on an upper
end face of a middle part of the body. Of course, the
camera may also be arranged on an upper end face of
a front part of the body or at another position. When the
camera is arranged at the front part of the body or the
other position and a related parameter is calculated, a
related numerical value is required to be correspondingly
regulated relative to the camera arranged at the middle
part. An inertia sensor is arranged in the body, and the
inertia sensor includes an accelerometer, a gyroscope
and the like. An odometer (usually a code disc) config-
ured to detect the walking distance of the driving wheel
is arranged on the driving wheel, and a control module
capable of processing a parameter of the related sensor
and outputting a control signal to an execution compo-
nent is also arranged.
[0019] A method of the disclosure for monitoring a pet
by a robot based on a grid map, as shown in Fig. 1, in-
cludes the following steps. Step 1: a present position
point of the robot and a grid cell corresponding to the
present position of the robot, in the grid map are deter-
mined based on the grid map constructed by the robot.
Step 2: a mutual position relationship between the pet
and the robot is determined based on wireless commu-
nication between the robot and a wireless signal device
on the pet, and a present position point of the pet and a
grid cell corresponding to the present position point of
the pet are determined according to the mutual position
relationship. Step 3: whether there is an obstacle cell or
not in grid cells, in a preset range covered by a shooting
angle of a camera through which the robot monitors the
pet, and between the grid cell where the robot is located
and the grid cell where the pet is located is judged, when
a judging result in Step 3 is NO, a shooting direction of
the camera of the robot is kept facing to the pet and Step
2 is re-executed, and when the judging result in Step 3
is YES, Step 4 is entered. Step 4: a preset region taking
the grid cell where the pet is located as a center point is
determined, passed cells are determined as monitoring
cells to be determined one by one from short to long
distance relationships between the passed cells in the
preset region and the robot, whether there is an obstacle
cell or not in a straight grid path between the monitoring
cell to be determined and the grid cell where the pet is
located is judged, when a judging result in Step 4 is NO,
the monitoring cell to be determined is determined as a
monitoring cell and Step 5 is entered, when the judging
result in Step 4 is YES, whether a next passed cell is
farthest from the robot or not is judged, when a judging
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result is that the next passed cell is not farthest from the
robot, Step 4 is re-executed, and when the judging result
is that the next passed cell is farthest from the robot, the
next passed cell is directly determined as the monitoring
cell and Step 5 is entered. Step 5: the robot is controlled
to walk from the present position point to the monitoring
cell to monitor the pet. The grid map is a map constructed
by the robot in a walking process according to data de-
tected by various sensors thereof and taking grid cell as
a basic unit. The grid cell is a virtual check with a set
length and width, may be set to be a square and may
also be set to be a rectangle. As an example embodiment,
the grid cell of the disclosure is a square check with a
side length of 0.2 meter. The wireless signal device may
adopt a zigbee communication module, an ultrasonic
module, a radio frequency communication module, a
UWB module, a Wireless Fidelity (WIFI) module or the
like, and for example, is correspondingly selected ac-
cording to different requirements of a product. The preset
range may also be correspondingly set according to dif-
ferent design requirements of the product, and as an ex-
ample, is set to be 1/3 of the whole range covered by the
shooting angle of the camera. The preset range may also
be corresponding set according to different design re-
quirements of the product, and as an example, may be
set to be a circular region, a square region, a regular
polygonal region or the like, and an area is usually set in
a range of 2 to 6 square meters.
[0020] In the walking process, the robot may mark a
passed grid cell as a passed cell, mark a corresponding
grid cell where an obstacle is detected as an obstacle
cell, mark a corresponding grid cell when a cliff is detect-
ed as a cliff cell, etc. and update the grid map according
to marked information. According to the method of the
disclosure, the mutual position relationship between the
pet and the robot is determined through wireless com-
munication between the wireless signal device on the pet
and the robot, and then whether there is an obstacle cell
or not between the corresponding grid cells where the
robot and the pet are located in the grid map is judged
to judge whether there is an obstacle between the robot
and the pet or not. If NO, it is indicated that the pet may
be effectively shot at the present position and shooting
direction of the robot, the present position and shooting
direction of the robot are not required to be changed. If
the pet runs, the body of the robot may rotate to keep the
camera always facing the direction of the pet, and in this
process, the robot is not required to walk to another po-
sition unless there is an obstacle. If YES, it is indicated
that no pet but an obstacle may be shot at the present
position of the robot, so that the robot is required to judge
states of grid cells around the pet to reselect a monitoring
position point. The passed cells in the preset region
around the pet are selected from short to long distance
relationships with the robot and determined as monitoring
cells to be determined one by one, then whether there is
an obstacle cell or not in the straight grid path between
the monitoring cell to be determined and the grid cell

where the pet is located is judged, namely whether the
pet may be effectively monitored or not at a position of
the monitoring cell to be determined is analyzed, if there
is no obstacle, the monitoring cell to be determined is
determined as the monitoring cell, and if there is an ob-
stacle, the next passed cell is analyzed. In such a manner
of analyzing the passed cells in the preset region around
the pet one by one from short to long distances away
from the robots, a position point that the robot may reach
fastest and where the pet may be effectively monitored
may be found, so that efficiency of monitoring the pet by
the robot is improved. In addition, if there are obstacles
between all the other passed cells, except the passed
cell farthest from the robot, in the preset region and the
pet, the passed cell farthest from the robot is determined
as the monitoring cell no matter whether there is an ob-
stacle between the robot and the pet or not. This is be-
cause distribution of obstacles has a characteristic under
a normal condition, namely the obstacles may usually be
concentrated in one region or some regions, if an obsta-
cle cell is detected in a region, there may be other ob-
stacle cells in the region, and if the robot detects an ob-
stacle at the present position, in a certain range, the prob-
ability of occurrence of an obstacle is lower in a region
farther from the present position. Therefore, determining
the passed cell farthest from the robot in the preset range
as the monitoring cell may ensure that the robot is in a
relatively open region and, when the position of the pet
changes, the monitoring position or monitoring angle may
be conveniently regulated at a low probability of interfer-
ence of an adjacent obstacle, which improves the mon-
itoring efficiency. From the above, according to the meth-
od of the disclosure, the robot may be controlled to find
a relatively good monitoring position in such a manner
of monitoring the pet in combination with the grid map,
so that the problem that the pet is easily obstructed by
an obstacle to influence the monitoring effect is solved,
and the pet monitoring effect is improved.
[0021] According to at least one alternative embodi-
ment, the operation in Step 1 that the present position
point of the robot in the grid map and the corresponding
grid cell are determined based on the grid map construct-
ed by the robot includes: the grid map based on an XY-
axis coordinate system taking (X0, Y0) as an origin is
constructed according to data detected by the robot in a
walking process; it is determined that a side length of the
grid cell in the grid map is L; and based on own positioning
data of the robot, it is determined that a coordinate of the
present position point of the robot is (X1, Y1) and a grid
coordinate of the grid cell corresponding to the present
position point is (S11, S12), S11=(X1-X0)/L, S12=(Y1-
Y0)/L, both S11 and S12 being integers. Since the robot,
in the walking process, may record a passed path based
on the data detected by its own sensors such as the
odometer and the gyroscope and determine its own po-
sition and direction (i.e., the positioning data) in real time.
The grid map is formed by taking grid cell as the basic
unit, each grid cell includes multiple position points, and
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the robot walks according to the position points, namely
moving from the present position point to a next adjacent
position point. Therefore, when the coordinate of the grid
cell where the robot is presently located is determined,
it is necessary to convert the coordinate of the present
position point into the coordinate of the grid cell. As shown
in Fig. 2, each small check represents a grid cell, the side
length is L=0.2 meters, a coordinate of the coordinate
origin P is (X0=0, Y0=0), and a grid coordinate of a grid
cell in the upper right corner of the origin P is set to be
(0, 0). When the robot is at a position point D, the coor-
dinate thereof is detected to be (0.5, 0.3), and the grid
coordinate of the grid cell where the robot is located is
calculated to be (S11=((0.5-0)/0.2) and
S12=((0.3-0)/0.2)), i.e., (S11=2.5, S12=1.5), which is
rounded to be (S11=2, S12=1), so that, when the robot
is at the position point D, the grid coordinate of the cor-
responding grid cell is (2, 1). According to the method of
the disclosure, in the same coordinate system, the grid
coordinate of the grid cell corresponding to the present
position point can be accurately calculated through a po-
sition relationship between the present position point and
the coordinate origin and the side length of the grid cell,
thereby providing reliable data for subsequent data
processing and improving the data analysis accuracy.
[0022] According to at least one alternative embodi-
ment, the operation in Step 2 that the mutual position
relationship between the pet and the robot is determined
based on wireless communication between the robot and
the wireless signal device on the pet and the present
position point of the pet and the corresponding grid cell
are determined according to the mutual position relation-
ship includes: it is determined that a distance between a
first UWB positioning base station and second UWB po-
sitioning base station on a body of the robot is W; it is
determined that a coordinate of the first UWB positioning
base station is (X11, Y11) and a coordinate of the second
UWB positioning base station is (X12, Y12); based on
wireless communication between each of the first UWB
positioning base station and the second UWB positioning
base station and a UWB positioning tag on the pet, it is
determined that a first distance between the UWB posi-
tioning tag and the first UWB positioning base station is
R1 and a second distance between the UWB positioning
tag and the second UWB positioning base station is R2;
it is determined that an included angle between lines tak-
ing the first UWB positioning base station as an angular
vertex and pointing to the second UWB positioning base
station and the UWB positioning tag respectively is a first
included angle, the first included angle being α1 and
α1=arccos(W2+R22-R12)/(2*W*R2)); it is determined
that an included angle between lines taking the second
UWB positioning base station as an angular vertex and
pointing to the first UWB positioning base station and the
UWB positioning tag respectively is a second included
angle, the second included angle being α2 and α2=arc-
cos((W2+R12-R22)/(2*W*R1)); it is determined that a co-
ordinate of a present position point of the UWB position-

ing tag is (Xc, Yc), Xc=X12+R2*cos(180°-α1-arc-
cos((X12-X11)/W)) and Yc=Y11+R1*cos(180°-α2-arc-
sin((X12-X11)/W)); and it is determined that a grid coor-
dinate of a grid cell corresponding to the present position
point of the UWB positioning tag is (S21, S22), S21=(Xc-
X0)/L, S22=(Yc-Y0)/L, both S21 and S22 being integers.
UWB is a UWB carrierless communication technology,
and the UWB positioning tag and the UWB positioning
base station are communication device adopting the
UWB communication technology. As shown in Fig. 3, A
is the first UWB positioning base station, B is the second
UWB positioning base station, and C is the UWB posi-
tioning tag. Both the first UWB positioning base station
and the second UWB positioning base station are as-
sembled on the body of the robot, and the UWB position-
ing tag is worn on the pet. Since the distance between
the first UWB positioning base station and the second
UWB positioning base station has been determined when
the robot is designed and produced, the distance there-
between is known, namely AB=W, and related data has
been recorded in the system. A numerical value of W
may be correspondingly set according to a specific prod-
uct design, and the numerical value of W should be less
than a diameter of the body of the robot. In addition, it is
measured that the distance between the first UWB posi-
tioning base station and the UWB positioning tag is
AC=R1 and the distance between the second UWB po-
sitioning base station and the UWB positioning tag is
BC=R2, a magnitude of the first included angle (ZABC)
may be calculated according to three side lengths of the
triangle, namely α1=arccos((W2+R22-R12)/(2*W*R2)),
and a magnitude of the second included angle (ZCAB)
is similarly calculated, namely α2=arc-
cos((W2+R12-R22)/(2*W*R1)). Since the robot may de-
termine its own coordinate position (i.e., the coordinate
of the center point of the robot) according to the data
detected by the sensors such as the odometer and the
gyroscope, coordinate values of the two UWB positioning
base stations at fixed positions relative to the center point
on the body of the robot can also be determined, namely
the coordinate of the first UWB positioning base station
is (X11, Y11) and the coordinate of the second UWB
positioning base station is (X12, Y12). A specific calcu-
lation manner will be described in the following embodi-
ments. It can be seen from the figure that, for determining
an X-axis coordinate of a point C, it is necessary to know
the length c11 or c21, c11=R1*sina2, c21=R2*cosb2,
∠a2=180°-α2-∠a1, ∠b2=180°-α1-∠b1, Za1=arc-
sin((X12-X11)/W) and Zb1=arccos((X12-X11)/W), and
the angles α1 and α2 have been calculated before, so
that c11=R1*sin(180°-α2-arcsin((X12-X11)/W)) and
c21=R2*cos(180°-α1-arcsin((Y11-Y12)/W)) are calcu-
lated, and in such case, the X-axis coordinate of the point
C where the pet is located is
Xc=X12+c21=X12+R2*cos(180°-α1-arccos((X12-
X11)/W)) or Xc=X11+c11=X11+R1*sin(180°-α2-arc-
sin((X12-X11)/W)). Similarly, for determining a Y-axis co-
ordinate of the point C, it is necessary to know the length
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c12 or c22, c12=R1*cosa2, c22=R2*sinb2, ∠a2=180°-
α2-∠a1, ∠b2=180°-α1-∠b1, Za1=arcsin((X12-X11)/w),
Zb1=arccos((X12-X11)/W) and the angles α1 and α2
have been calculated before, so that c12=R1*cos(180°-
α2-arcsin((X12-X11)/W)) and c22=R2*sin(180°-α1-arc-
cos((X12-X11)/W)) are calculated, and in such case, the
Y-axis coordinate of the point C where the pet is located
is Yc=Y11+c12=Y11+R1*cos(180°-α2-arcsin((X12-
X11)/W)) or Yc=Y12+c22=Y12+R2*sin(180°-α1-arc-
cos((X12-X11)/W)). After the coordinate of the present
position point of the UWB positioning tag is determined
to be (Xc, Yc), the grid coordinate of the grid cell corre-
sponding to the present position point of the UWB posi-
tioning tag is calculated to be (S21, S22) in the manner
described in the abovementioned embodiment, namely
S21=(Xc-X0)/L and S22=(Yc-Y0)/L, both S21 and S22
being integers. The method of the disclosure is applied
to the condition that a height of the UWB positioning tag
worn on the pet and heights of the UWB positioning base
stations of the robot are consistent (namely the three
communication devices are on the same horizontal
plane) or not greatly different. When the positions of the
robot and the pet change, a detected change parameter
may be substituted to rapidly obtain the position point of
the pet and the corresponding grid coordinate, a data
processing speed is high, and an output result is accu-
rate. In addition, if difference values between the height
of the UWB positioning tag and the heights of the UWB
positioning base stations are relatively great, a third UWB
positioning base station is required to be arranged on the
body of the robot, and a height parameter is introduced
to determine a three-dimensional coordinate of the UWB
positioning tag. The implementation manner for determi-
nation of the corresponding grid coordinate adopts the
principle of the embodiment and will not be elaborated
herein. Compared with another existing positioning man-
ner, the manner of positioning the pet through the UWB
communication technology is larger in positioning range,
higher in accuracy and higher in stability.
[0023] According to at least one alternative embodi-
ment, the operation that it is determined that the coordi-
nate of the first UWB positioning base station on the body
of the robot is (X11, Y11) and the coordinate of the second
UWB positioning base station is (X12, Y12) includes: a
coordinate of a center point of the body of the robot is
determined as the coordinate of the present position point
of the robot, the coordinate being (X1, Y1); it is deter-
mined that the center point of the body of the robot is a
midpoint of a connecting line of the first UWB positioning
base station and the second UWB positioning base sta-
tion; it is determined that the distance between the first
UWB positioning base station and the second UWB po-
sitioning base station is W, a distance between the center
point of the body of the robot and the first UWB positioning
base station is W/2 and a distance between the center
point of the body of the robot and the second UWB po-
sitioning base station is W/2; it is determined that a
present direction, detected by a gyroscope of the robot,

of the robot is α; it is determined that the coordinate of
the first UWB positioning base station on the body of the
robot is (X11, Y11), X11 =X1-((W*cosα)/2) and
Y11=Y1+((W*sinα)/2; and it is determined that the coor-
dinate of the second UWB positioning base station on
the body of the robot is (X12, Y12), X12=X1+((W*co-
sα)/2) and Y12=Y1-((W*sinα)/2). As shown in Fig. 4, the
first UWB positioning base station A and the second UWB
positioning base station B are arranged at two ends of
the body of the robot respectively, the connecting line of
AB passes through the center point G of the robot, and
AG=BG=W/2. The coordinate of the point G is (X1, Y1),
and an angle of a present direction of the robot is α. In
the figure, the arrowed straight line passing through the
point G represents the present direction of the robot, and
the arrowed straight line is intersected with the line AB
at a right angle. Therefore, ∠a=∠b=∠α may be obtained.
For calculating the X-axis coordinate X11 of the first UWB
positioning base station, it is necessary to calculate the
distance between X11 and X1 at first, namely X1-
X11=AG*cosa=(W*cosα)/2, and in such case,
X11=X1-((W*cosα)/2). For calculating the Y-axis coordi-
nate Y11 of the first UWB positioning base station, it is
necessary to calculate the distance between Y11 and
Y1, namely Y11-Y1=AG*sina=(W*sinα)/2, and in such
case, Y11=Y1+((W*sinα)/2). Similarly, for calculating the
X-axis coordinate X12 of the second UWB positioning
base station, it is necessary to calculate the distance be-
tween X12 and X1, namely X12-X1=BG*cosb=W*co-
sα/2, and in such case, X12=X1+((W*cosα)/2). The dis-
tance between Y1 and Y12 is Y1-Y12=GB*sinb=W*si-
nα/2, and in such case, Y12=Y1-((W*sinα)/2). According
to the method of the embodiment for determining the co-
ordinates of the first UWB positioning base station and
the second UWB positioning base station, an algorithm
for determining the coordinates of the two base stations
can be simplified by limiting the position relationship that
the base stations are mutually symmetric about the cent-
er point on the body of the robot, so that the data process-
ing speed of the system is increased, and the coordinate
values of the two base stations can be rapidly and accu-
rately obtained to provide references for subsequent oth-
er data processing faster. Similarly, if three base stations
are arranged, the third base station is arranged on a per-
pendicular bisector of AB, so that the algorithm can be
simplified, and the data processing speed of the system
can be increased. A specific implementation manner
adopts the same principle of the embodiment and will not
be elaborated herein.
[0024] According to at least one alternative embodi-
ment, the operation that it is determined that the first dis-
tance between the UWB positioning tag and the first UWB
positioning base station is R1 and the second distance
between the UWB positioning tag and the second UWB
positioning base station is R2 includes: it is determined
that a propagation speed of a radio wave is c; it is deter-
mined that a duration from a time point of sending dis-
tance measurement data to the UWB positioning tag by
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the first UWB positioning base station to a time point of
receiving a confirmation signal of the UWB positioning
tag is T11; it is determined that a duration from a time
point of receiving by the UWB positioning tag, the dis-
tance measurement data sent by the first UWB position-
ing base station to a time point of sending the confirma-
tion signal is T12; it is determined that a duration from a
time point of sending distance measurement data to the
first UWB positioning base station by the UWB position-
ing tag to a time point of of receiving a confirmation signal
of the first UWB positioning base station is T13; it is de-
termined that a duration from a time point of receiving by
the first UWB positioning base station, the distance
measurement data sent by the UWB positioning tag to a
time point of sending the confirmation signal is T14; it is
determined that the first distance between the UWB po-
sitioning tag and the first UWB positioning base station
is R1, R1=c*(T11-T12+T13-T14)/4; it is determined that
a duration from a time point of sending distance meas-
urement data to the UWB positioning tag by the second
UWB positioning base station to a time point of receiving
a confirmation signal of the UWB positioning tag is T21;
it is determined that a duration from a time point of re-
ceiving by the UWB positioning tag, the distance meas-
urement data sent by the second UWB positioning base
station to a time point of sending the confirmation signal
is T22; it is determined that a duration from a time point
of sending distance measurement data to the second
UWB positioning base station by the UWB positioning
tag to a time point of receiving a confirmation signal of
the second UWB positioning base station is T23; it is
determined that a duration from a time point of receiving
by the second UWB positioning base station, the distance
measurement data sent by the UWB positioning tag to a
time point of sending the confirmation signal is T24; and
it is determined that the second distance between the
UWB positioning tag and the second UWB positioning
base station is R2, R2=c*(T21-T22+T23-T24)/4. As
shown in Fig. 5, the first UWB positioning base station A
sends the distance measurement data to the UWB posi-
tioning tag C at a moment t1, the UWB positioning tag C
receives the distance measurement data at a moment t2
and sends the confirmation signal at a moment t3, and
the first UWB positioning base station A receives the con-
firmation signal at a moment t4. In such case, it can be
obtained that the duration required by the first UWB po-
sitioning base station A from sending of the distance
measurement data to reception of the confirmation signal
is T1=t4-t1 and the duration required by the UWB posi-
tioning tag C from reception of the distance measurement
data to sending of the confirmation signal is T2=t3-t2,
and it can be obtained that duration for signal transmis-
sion during a two-way communication between the first
UWB positioning base station A and the UWB positioning
tag C is T1-T2=t4-t1-t3+t2. Similarly, the UWB position-
ing tag C sends the distance measurement data to the
first UWB positioning base station A at a moment t5, the
first UWB positioning base station A receives the dis-

tance measurement data at a moment t6 and sends the
confirmation signal at a moment t7, and the UWB posi-
tioning tag C receives the confirmation signal at a mo-
ment t8. In such case, it can be obtained that the duration
required by the UWB positioning tag C from sending of
the distance measurement data to reception of the con-
firmation signal is T3=t8-t5 and the duration required by
the first UWB positioning base station A from reception
of the distance measurement data to sending of the con-
firmation signal is T4=t7-t6, and it can be obtained that
time for signal transmission during a two-way communi-
cation between the UWB positioning tag C and the first
UWB positioning base station A is T3-T4=t8-t5-t7+t6. For
ensuring the accuracy of the data, 1/4 of (T1-T2+T3-T4)
is determined as the duration for a signal transmission
between the UWB positioning tag C and the first UWB
positioning base station A. Since the transmission speed
of the data signal is equal to the transmission speed c of
the radio wave, distance=speed*time, and it can be ob-
tained that the first distance between the UWB position-
ing tag and the first UWB positioning base station is
R1=c*(T11-T12+T13-T14)/4. Similarly, it is obtained that
the second distance between the UWB positioning tag
and the second UWB positioning base station is R2,
R2=c*(T21-T22+T23-T24)/4. A specific implementation
manner is similar to the embodiment and will not be elab-
orated herein. According to the method of the embodi-
ment for measuring the distance between the base sta-
tion and the positioning tag, an average value of the data
signal transmission duration may be extracted to obtain
more accurate transmission duration, so that a more ac-
curate distance measurement result is obtained, a more
reliable reference is provided for subsequently determin-
ing the position of the pet, and a better pet monitoring
effect is ensured.
[0025] According to at least one alternative embodi-
ment, the operation in Step 3 that whether there is an
obstacle cell or not in the grid cells in the preset range
covered by the shooting angle of the camera through
which the robot monitors the pet between the grid cell
where the robot is located and the grid cell where the pet
is located is judged includes: a direction that the camera
through which the robot monitors the pet faces the pet is
determined as the shooting direction; a shooting region
covered by the shooting angle of the camera in the grid
map is determined based on the shooting direction; and
grid cells corresponding to a coverage region of an angle
range in the grid map are determined, the angle range
being formed by a first angle arm and second angle arm
extending outwards by taking the camera as an angular
vertex, and whether there is an obstacle cell or not in the
grid cells corresponding to the coverage region is ana-
lyzed, the coverage region being smaller than and in the
shooting region. As shown in Fig. 6, a small check in the
figure represents a grid cell, the check marked with X
represents that the check is an obstacle cell, and the
check marked with nothing or marked with another letter
represents that the check is a passed cell. The point G
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is the position point where the robot is located, i.e., the
position of the camera, and the point C is the position
point where the pet is located. GZ is the shooting direc-
tion, an angle formed by the two lines GB1 and GB2 is
the shooting angle, and GZ is an angle bisector of the
shooting angle. GU1 is the first angle arm, GU2 is the
second angle arm, whether there is an obstacle cell or
not in grid cells in the angle formed by the two lines GU1
and GU2 is analyzed, namely whether there is a check
marked with X or not in checks in a range of ∠U1GU2 is
judged, if YES, it is indicated that there is an obstacle
cell, and if NO, it is indicated that there is no obstacle
cell. In the figure, there is no obstacle cell in the range
of ZU1GU2, and the robot can normally shoot the pet. If
there is an X check in the range of ∠U1GU2, it is indicated
that the camera of the robot may be obstructed by an
obstacle or the shot pet is too close to the obstacle and
the shooting effect is influenced, and it is necessary to
shoot the pet at another angle. According to the method
of the embodiment, whether there is an obstacle cell be-
tween two position points or not is judged in combination
with the grid map to determine whether there is an ob-
stacle between the robot and the pet or not, and in such
a manner, existing data of the robot is fully utilized, a
judgment process is simple and practical, and a remark-
able effect is achieved.
[0026] According to at least one alternative embodi-
ment, the operation in Step 4 that the preset region taking
the grid cell where the pet is located as the center point
is determined and the passed cells are determined as
the monitoring cells to be determined one by one from
short to long distance relationships between the passed
cells in the preset region and the robot includes: a circular
region taking a center of the grid cell where the pet is
located as a circle center and taking a preset length as
a radius is determined; a passed cell at a shortest dis-
tance away from the robot in the circular region is deter-
mined as a monitoring cell to be determined; if there is
an obstacle cell in a straight grid path between the mon-
itoring cell to be determined and the grid cell where the
pet is located and a passed cell at a second shortest
distance away from the robot in the circular region is not
farthest from the robot, the passed cell at the second
shortest distance away from the robot in the circular re-
gion is determined as a monitoring cell to be determined;
if there is an obstacle cell in a straight grid path between
the monitoring cell to be determined and the grid cell
where the pet is located and a passed cell at a third short-
est distance away from the robot in the circular region is
not farthest from the robot, the passed cell at the third
shortest distance away from the robot in the circular re-
gion is determined as a monitoring cell to be determined;
and the same operations are executed. As shown in Fig.
7, a small check in the figure represents a grid cell, the
check marked with X represents that the check is an ob-
stacle cell, and the check marked with nothing or marked
with another letter represents that the check is a passed
cell. The point G is the position point where the robot is

located, i.e., the position of the camera, and the point C
is the position point where the pet is located. GZ is the
shooting direction, GU1 is the first angle arm, and GU2
is the second angle arm. Since there is an obstacle cell
(i.e., a check marked with X) in the range of ZU1GU2
and shooting of the robot may be obstructed by the ob-
stacle, the robot is required to regulate a shooting posi-
tion. At first, a circle is formed by taking the center of the
grid cell where the point C is located as a circle center
and taking the preset length as a radius, and the range
enclosed by the circle is the preset region. The preset
length may be correspondingly set according to a specific
design requirement, may be set to be any value in a range
of 1 to 2 meters, and is set to be 1.5 meters in the em-
bodiment. It is to be noted that the circular region shown
in Fig. 7 is merely schematic and the radius or diameter
of the circle can not be measured by the length of the
grid cell in the figure. In addition, if the circle region en-
closes only part of a grid cell, the grid cell is also in the
range of the circular region. In the figure, the grid cell S1
is a passed cell at a shortest distance away from the
robot in the circular region and is determined as a mon-
itoring cell to be determined. Since there is an obstacle
cell marked with X in the straight grid path between S1
and C (i.e., a path formed by grid cells that a straight line
connecting S1 and C passes through), S1 cannot be de-
termined as the monitoring cell. Then, the passed cell S2
at the second shortest distance away from the robot is
analyzed. Since S2 is not a passed cell farthest from the
robot in the circular region, the passed cell S2 at the
second shortest distance away from the robot is deter-
mined as a monitoring cell to be determined. Since there
is no obstacle cell marked with X in the straight grid path
between S2 and C, namely there is no obstacle obstruct-
ing the robot from shooting the pet, S2 is determined as
the monitoring cell, and the robot is navigated to the
passed cell S2 to monitor the pet. If there is also an ob-
stacle cell in the straight grid path between S2 and C,
the passed cell S3 at the third shortest distance away
from the robot is continued to be analyzed, and a method
is the same as the abovementioned method and will not
be elaborated. When there are obstacle cells in straight
grid paths between all the passed cells, except S10, in
the circular region and the robot, it is indicated that the
pet is at a position surrounded by obstacles (for example,
on a sofa, a tea table or a bed), and in such case, the
obstacle cells between the passed cells and the pet are
not required to be considered in the preset region and a
position point relatively far from the position of the pet
and far from the present position of the robot is required
to be considered, so that the passed cell S10 farthest
from the robot may be directly determined as the moni-
toring cell and the robot is navigated to the monitoring
cell to monitor the pet. In such a manner of analyzing the
passed cells in the preset region around the pet one by
one from short to long distances away from the robots,
a position point that the robot may reach fastest and
where the pet may be effectively monitored may be found,
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so that efficiency of monitoring the pet by the robot is
improved.
[0027] According to at least one alternative embodi-
ment, the operation in Step 5 that the robot is controlled
to walk from the present position to the monitoring cell
to monitor the pet includes: the grid map is searched at
a direction on the monitoring cell, from a starting point
that is the present position point of the robot; a grid path
with a shortest path length in grid paths directly connect-
ed by passed cells between the present position point of
the robot and a center point of the monitoring cell is de-
termined as a navigation grid path; center points of the
grid cells in the navigation grid path are determined as
navigation position points, and the navigation position
points are connected into a navigation path; the robot is
controlled to walk along the navigation path from the
present position point to a monitoring position point; and
a direction of the robot is regulated to ensure that the
shooting direction of the camera of the robot is a direction
of the pet. As shown in Fig. 8, if the robot is intended to
walk from the point G to the monitoring cell S2, it is nec-
essary to search a walking path at first. In the figure, a
small check in the figure represents a grid cell, the check
marked with X represents that the check is an obstacle
cell, and the check marked with nothing or marked with
another letter represents that the check is a passed cell.
At first, the grid map is searched from the starting point
that is the present position point G of the robot to the
direction of the monitoring cell. Searching to the direction
of the monitoring cell is not limited to searching to a linear
direction of the monitoring cell and refers to searching
the grid cells one by one from the point G to directions
away from the point G around by taking the direction as
a general searching trend and searching the grid cells
one by one from the surrounding to the monitoring cell.
Then, two grid paths are found, the first connecting the
left lower part of the monitoring cell and the monitoring
cell and the second connecting the right upper part of the
monitoring cell and the monitoring cell, and the two grid
paths are separated by an obstacle cell. A length of the
first grid path is less than that of the second grid path, so
that the first grid path is determined as a navigation grid
path. Center points of the grid cells in the first grid path
are determined as navigation position points, and the
navigation position points are connected into a navigation
path, i.e., the dotted line marked as L1 (the dotted line
marked as L2 is a route of the second grid path). Next,
the robot is controlled to walk along the route L1 from the
point G to the center point of the monitoring cell S2 (i.e.,
the monitoring position point). Finally, the body of the
robot rotates in place to ensure that the shooting direction
of the camera of the robot is a direction facing the point
C (i.e., the direction of the pet). According to the method
of the embodiment, the grid map is searched to the di-
rection of the monitoring cell, so that the specific grid
paths reaching the monitoring cell can be determined
rapidly. Then, a length of each path is analyzed to deter-
mine the shortest path as the navigation path, so that

time required by the robot to reach the monitoring cell
may be shortened. Finally, the center points of the grid
cells are determined as the navigation position points,
the navigation path formed by connecting each naviga-
tion position point is the best navigation path reaching
the monitoring position point, and the robot walks along
the navigation path, so that not only the time for reaching
the destination can be shortened, but also the risk of en-
countering an obstacle in the walking process may be
reduced, and the efficiency of reaching the monitoring
position point for the robot may be improved. As an ex-
ample embodiment, the side length of the grid cell shown
in the figure of the embodiment is equal to a diameter of
the body of the robot.
[0028] A chip of the disclosure is configured to store a
program, the program being configured to control a robot
to execute the abovementioned method for monitoring a
pet by a robot based on a grid map. The chip is installed
in the robot, so that the robot can determine the mutual
position relationship between the pet and the robot
through wireless communication between the wireless
signal device on the pet and the robot and then judge
whether there is an obstacle cell or not between the cor-
responding grid cells where the robot and the pet are
located in the grid map to judge whether there is an ob-
stacle between the robot and the pet or not. If NO, it is
indicated that the pet may be effectively shot at the
present position and shooting direction of the robot, the
present position and shooting direction of the robot are
not required to be changed, if the pet runs, the body of
the robot may rotate to keep the camera always facing
the direction of the pet, and in this process, the robot is
not required to walk to another position unless there is
an obstacle. If YES, it is indicated that no pet but an ob-
stacle may be shot at the present position of the robot,
so that the robot is required to judge states of grid cells
around the pet to reselect a monitoring position point.
The passed cells in the preset region around the pet are
selected from short to long distance relationships with
the robot and determined as monitoring cells to be de-
termined one by one, then whether there is an obstacle
cell or not in the straight grid path between the monitoring
cell to be determined and the grid cell where the pet is
located is judged, namely whether the pet may be effec-
tively monitored or not at a position of the monitoring cell
to be determined is analyzed, if there is no obstacle, the
monitoring cell to be determined is determined as the
monitoring cell, and if there is an obstacle, the next
passed cell is analyzed. In such a manner of analyzing
the passed cells in the preset region around the pet one
by one from short to long distances away from the robots,
a position point that the robot may reach fastest and
where the pet may be effectively monitored may be found,
so that efficiency of monitoring the pet by the robot is
improved. In addition, if there are obstacles between all
the other passed cells, except the passed cell farthest
from the robot, in the preset region and the pet, the
passed cell farthest from the robot is determined as the
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monitoring cell no matter whether there is an obstacle
between it and the pet or not, and this is because distri-
bution of obstacles has a characteristic under a normal
condition, namely the obstacles may usually be concen-
trated in one region or some regions, if an obstacle cell
is detected in a region, there may be other obstacle cells
in the region, and if the robot detects an obstacle at the
present position, in a certain range, the probability of oc-
currence of an obstacle is lower in a region farther from
the present position. Therefore, determining the passed
cell farthest from the robot in the preset range as the
monitoring cell can ensure that the robot is in a relatively
open region and, when the position of the pet changes,
the monitoring position or monitoring angle may be con-
veniently regulated at a low probability of interference of
an adjacent obstacle, which improves the monitoring ef-
ficiency. From the above, according to the chip of the
disclosure, the robot may be controlled to find a relatively
good monitoring position in such a manner of monitoring
the pet in combination with the grid map, so that the prob-
lem that the pet is easily obstructed by an obstacle to
influence the monitoring effect is solved, and the pet mon-
itoring effect is improved.
[0029] The above embodiments are adopted not to lim-
it but only to fully disclose the disclosure and all replace-
ments made with equivalent technical characteristics
based on the creative gist of the disclosure without cre-
ative work shall fall within the scope disclosed by the
application.

Claims

1. A method for monitoring a pet by a robot based on
a grid map, comprising:

Step 1: determining according to the grid map
constructed by the robot, a present position point
of the robot and a grid cell corresponding to the
present position point of the robot, in the grid
map;
Step 2: determining a mutual position relation-
ship between the pet and the robot based on
wireless communication between a wireless sig-
nal device on the robot and a wireless signal
device on the pet, and determining according to
the mutual position relationship, a present posi-
tion point of the pet and a grid cell corresponding
to the present position point of the pet;
Step 3: judging whether there is an obstacle cell
or not in grid cells, in a preset range covered by
a shooting angle of a camera through which the
robot monitors the pet, and between the grid cell
where the robot is located and the grid cell where
the pet is located,
when a judging result in Step 3 is NO, keeping
a shooting direction of the camera of the robot
facing to the pet and re-executing Step 2, and

when the judging result in Step 3 is YES, enter-
ing Step 4;
Step 4: determining a preset region taking the
grid cell where the pet is located as a center
point, determining passed cells as monitoring
cells to be determined one by one from short to
long distance relationships between the passed
cells in the preset region and the robot, judging
whether there is an obstacle cell or not in a
straight grid path between the monitoring cell to
be determined and the grid cell where the pet is
located,
when a judging result in Step 4 is NO, determin-
ing the monitoring cell to be determined as a
monitoring cell and entering Step 5,
when the judging result in Step 4 is YES, judging
whether a next passed cell is farthest from the
robot or not,
when a judging result is that the next passed cell
is not farthest from the robot, re-executing Step
4, and
when the judging result is that the next passed
cell is farthest from the robot, directly determin-
ing the next passed cell as the monitoring cell
and entering Step 5; and
Step 5: controlling the robot to walk from the
present position point to the monitoring cell to
monitor the pet,
wherein the obstacle cell is a corresponding grid
cell where the robot detects an obstacle, and
the passed cell is a grid cell that the robot has
passed.

2. The method as claimed in claim 1, wherein the Step
1 comprises:

constructing according to data detected by the
robot in a walking process, the grid map based
on an XY-axis coordinate system taking (X0, Y0)
as an origin;
determining that a side length of the grid cell in
the grid map is L; and
based on positioning data of the robot, deter-
mining that a coordinate of the present position
point of the robot is (X1, Y1) and a grid coordi-
nate of the grid cell corresponding to the present
position point is (S11, S12), S11=(X1-X0)/L,
S12=(Y1-Y0)/L, both S11 and S12 being inte-
gers.

3. The method as claimed in claim 2, wherein the Step
2 comprises:

determining that a distance between a first Ultra
Wideband, UWB, positioning base station and
a second UWB positioning base station on a
body of the robot is W;
determining that a coordinate of the first UWB
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positioning base station is (X11, Y11) and a co-
ordinate of the second UWB positioning base
station is (X12, Y12);
based on wireless communication between
each of the first UWB positioning base station
and the second UWB positioning base station
and a UWB positioning tag on the pet, determin-
ing that a first distance between the UWB posi-
tioning tag and the first UWB positioning base
station is R1 and a second distance between
the UWB positioning tag and the second UWB
positioning base station is R2;
determining that an included angle between
lines taking the first UWB positioning base sta-
tion as an angular vertex and pointing to the sec-
ond UWB positioning base station and the UWB
positioning tag respectively is a first included an-
gle, the first included angle being α1 and
α1=arccos(W2+R22-R12)/(2*W*R2));
determining that an included angle between
lines taking the second UWB positioning base
station as an angular vertex and pointing to the
first UWB positioning base station and the UWB
positioning tag respectively is a second included
angle, the second included angle being α2 and
α2=arccos((W2+R12-R22)/(2*W*R1));
determining that a coordinate of a present posi-
tion point of the UWB positioning tag is (Xc, Yc),
Xc=X12+R2*cos(180°-α1-arccos((X12-
X11)/W)) and Yc=Y11 +R1*cos(180°-α2-arc-
sin((X12-X11)/W)); and
determining that a grid coordinate of a grid cell
corresponding to the present position point of
the UWB positioning tag is (S21, S22), S21=(Xc-
X0)/L, S22=(Yc-Y0)/L, both S21 and S22 being
integers.

4. The method as claimed in claim 3, wherein deter-
mining that the coordinate of the first UWB position-
ing base station on the body of the robot is (X11,
Y11) and the coordinate of the second UWB posi-
tioning base station is (X12, Y12) comprises:

determining a coordinate of a center point of the
body of the robot as the coordinate of the present
position point of the robot, the coordinate being
(X1, Y1);
determining that the center point of the body of
the robot is a midpoint of a connecting line of
the first UWB positioning base station and the
second UWB positioning base station;
determining that a distance between the first
UWB positioning base station and the second
UWB positioning base station is W, a distance
between the center point of the body of the robot
and the first UWB positioning base station is W/2
and a distance between the center point of the
body of the robot and the second UWB position-

ing base station is W/2;
determining that a present direction, detected
by a gyroscope of the robot, of the robot is α;
determining that the coordinate of the first UWB
positioning base station on the body of the robot
is (X11, Y11), X11 =X1-((W*cosα)/2) and
Y11=Y1+((W*sinα)/2; and
determining that the coordinate of the second
UWB positioning base station on the body of the
robot is (X12, Y12), X12=X1+((W*cosα)/2) and
Y12=Y1-((W*sinα)/2).

5. The method as claimed in claim 3, wherein deter-
mining that the first distance between the UWB po-
sitioning tag and the first UWB positioning base sta-
tion is R1 and the second distance between the UWB
positioning tag and the second UWB positioning
base station is R2 comprises:

determining that a propagation speed of a radio
wave is c;
determining that a duration from a time point of
sending distance measurement data to the
UWB positioning tag by the first UWB positioning
base station to a time point of receiving a con-
firmation signal of the UWB positioning tag is
T11;
determining that a duration from a time point of
receiving by the UWB positioning tag, the dis-
tance measurement data sent by the first UWB
positioning base station to a time point of send-
ing the confirmation signal is T12;
determining that a duration from a time point of
sending distance measurement data to the first
UWB positioning base station by the UWB po-
sitioning tag to a time point of receiving a con-
firmation signal of the first UWB positioning base
station is T13;
determining that a duration from a time point of
receiving by the first UWB positioning base sta-
tion, the distance measurement data sent by the
UWB positioning tag to a time point of sending
the confirmation signal is T14;
determining that the first distance between the
UWB positioning tag and the first UWB position-
ing base station is R1, R1=c*(T11-T12+T13-
T14)/4;
determining that a duration from a time point of
sending distance measurement data to the
UWB positioning tag by the second UWB posi-
tioning base station to a time point of receiving
a confirmation signal of the UWB positioning tag
is T21;
determining that a duration from a time point of
receiving by the UWB positioning tag, the dis-
tance measurement data sent by the second
UWB positioning base station to a time point of
sending the confirmation signal is T22;
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determining that a duration from a time point of
sending distance measurement data to the sec-
ond UWB positioning base station by the UWB
positioning tag to a time point of receiving a con-
firmation signal of the second UWB positioning
base station is T23;
determining that a duration from a time point of
receiving by the second UWB positioning base
station, the distance measurement data sent by
the UWB positioning tag to a time point of send-
ing the confirmation signal is T24; and
determining that the second distance between
the UWB positioning tag and the second UWB
positioning base station is R2, R2=c*(T21-
T22+T23-T24)/4.

6. The method as claimed in claim 1, wherein the Step
3 comprises:

determining a direction that the camera through
which the robot monitors the pet faces the pet
as the shooting direction;
determining according to the shooting direction,
a shooting region covered by the shooting angle
of the camera, in the grid map;
determining grid cells corresponding to a cover-
age region of an angle range, in the grid map,
the angle range being formed by a first angle
arm and second angle arm extending outwards
by taking the camera as an angular vertex, the
coverage region being smaller than and in the
shooting region; and
analyzing whether there is the obstacle cell or
not in the grid cells corresponding to the cover-
age region.

7. The method as claimed in claim 1, wherein the Step
4 comprises:

determining a circular region taking a center of
the grid cell where the pet is located as a circle
center and taking a preset length as a radius;
determining a passed cell at a shortest distance
away from the robot in the circular region as a
monitoring cell to be determined;
if there is an obstacle cell in a straight grid path
between the monitoring cell to be determined
and the grid cell where the pet is located and a
passed cell at a second shortest distance away
from the robot in the circular region is not farthest
from the robot, determining the passed cell at
the second shortest distance away from the ro-
bot in the circular region as a monitoring cell to
be determined;
if there is an obstacle cell in a straight grid path
between the monitoring cell to be determined
and the grid cell where the pet is located and a
passed cell at a third shortest distance away

from the robot in the circular region is not farthest
from the robot, determining the passed cell at
the third shortest distance away from the robot
in the circular region as a monitoring cell to be
determined; and
go on executing above operations on next
passed cell.

8. The method as claimed in claim 7, wherein the preset
length is any value in a range from 1 meter to 2 me-
ters.

9. The method as claimed in claim 1, wherein the Step
5 comprises:

searching at a direction on the monitoring cell,
the grid map from a starting point that is the
present position point of the robot;
determining a grid path with a shortest path
length in grid paths directly connected by passed
cells between the present position point of the
robot and a center point of the monitoring cell
as a navigation grid path;
determining center points of the grid cells in the
navigation grid path as navigation position
points, and connecting the navigation position
points into a navigation path;
controlling the robot to walk along the navigation
path from the present position point to a moni-
toring position point; and
regulating a direction of the robot to ensure that
the shooting direction of the camera of the robot
is a direction of the pet.

10. A chip, configured to store a program, the program
being configured to control the robot to execute the
abovementioned method for monitoring a pet by a
robot based on a grid map as claimed in any one of
claims 1-9.
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