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obtaining a first photo and a second photo of a predetermined form,

recognizing a first color card image from the first photo, and a second color 110
. . v
card image from the second photo by matching the first photo and the second
photo, wherein the predetermined form comprises a plurality of color cards,
and the first color card image and the second color card image are
corresponding to the same target color card in the plurality of color cards
120

calculating a first geometric center point coordinate and a first barycentric
point coordinate of the first color card image based on a photo coordinate
system, determining a reference line on the target color card by mapping the
first center point coordinate and the first barycentric point coordinate to the
target color card, and obtaining a rotation angle of the UAV based on the
reference line

)

calculating a second geometric center point coordinate of the second color

. . . . . 1
card image, determining a distance between the first geometric center point |~ 30
and the second geometric center point, and calculating a flight speed based on
the distance
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obtaining a first photo and a second photo of a predetermined form,
recognizing a first color card image from the first photo, and a second color 110
. . -
card image from the second photo by matching the first photo and the second
photo, wherein the predetermined form comprises a plurality of color cards,
and the first color card image and the second color card image are

corresponding to the same target color card in the plurality of color cards

A 120

calculating a first geometric center point coordinate and a first barycentric
point coordinate of the first color card image based on a photo coordinate
system, determining a reference line on the target color card by mapping the
first center point coordinate and the first barycentric point coordinate to the
target color card, and obtaining a rotation angle of the UAV based on the
reference line

calculating a second geometric center point coordinate of the second color

card image, determining a distance between the first geometric center point |~ 130

and the second geometric center point, and calculating a flight speed based on
the distance
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establishing a card coordinate system of the predetermined form and | —— S108

obtaining the geometric center point coordinate of each color card in the

card coordinate system

S109
obtaining a color distribution of each color card and setting a positive |

direction of each color card

FIG. 5
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obtaining a first photo and a second photo of the predetermined form, wherein the

predetermined form comprises a plurality of color cards

4
recognizing a plurality of color card images from both the first photo and the second
photo by processing the first photo and the second photo

8212

obtaining a first color card image and a second color card image of the same color card
from the first photo and the second photo by matching the plurality of color card images

with each other

/
obtaining a first geometric center point coordinate A'(x,, ya) of the first color card
image in the first photo based on a predetermined photo coordinate system, and

calculating a first barycentric point coordinate B'(xg, yg) of the first color card image

S214

calculating a barycentric point coordinate B(xg, yz) based on a geometric center point
coordinate A(Xa, ya) of the color card, the first geometric center point coordinate A'(xa;,
ya), and the first barycentric point coordinate B'(xg, ys) of the first color card image,
and taking a line segment between the geometric center point coordinate and the

barycentric point coordinate as a reference line

5215
/_/

v

calculating a first angle between the reference line and a first head direction of the UAV
before rotation, calculating a second angle between the reference line and a second head
direction of the UAV after rotation, and obtaining a rotation angle of the UAV by

calculating difference between the first angle and the second angel

—8216

v

calculating a first geometric center point coordinate A1'(xays yar) of the first color
card image and a second geometric center point coordinate A2'(xays Yaz) of the second

color card image based on the predetermined photo coordinate system

S217

obtaining a distance L between the first geometric center point coordinate and the

second geometric center point coordinate

T 8218

calculating a flight distance via S=dL/f, and calculating a flight speed of UAV based on
a time interval between taking the first photo and taking the second photo, wherein d is

a flight height of the UAV, and f is a focal length of the camera

FIG. 6
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1
POSITIONING METHOD AND POSITIONING
DEVICE FOR UNMANNED AERIAL
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims all benefits accruing under 35
US.C. § 119 from China Patent Application No.
201511032320.6, filed on Dec. 31, 2015 in the State Intel-
lectual Property Office of China, the content of which are
hereby incorporated by reference.

TECHNICAL FIELD

The present disclosure relates to positioning methods and
positioning devices for unmanned aerial vehicles.

BACKGROUND

A traditional low cost positioning method for an
unmanned aerial vehicle (UAV) in a small area is typically
based on color cards.

At present, the color cards in the traditional positioning
method have as many as 10 to 20 colors. However, these
colors of the color cards are difficult for the UAV to
distinguish, such as the colors light yellow and beige.
Therefore, the recognition error rate is relatively high during
the positioning process.

In another positioning method, tetragonal color cards are
used in the positioning method. However, this positioning
method is unable to effectively identify a rotation angle and
the position of a rotating UAV.

BRIEF DESCRIPTION OF THE DRAWINGS

Implementations are described by way of example only
with reference to the attached figures.

FIG. 1 is a flowchart of one embodiment of a positioning
method for a UAV.

FIG. 2 is a schematic view of one embodiment of four
different color cards without color.

FIG. 3 is a schematic view of one embodiment of a
plurality of color cards filled with different colors.

FIG. 4 is a schematic view of one embodiment of a
predetermined form in a card coordinate system.

FIG. 5 is a flowchart of one embodiment of a method for
obtaining a geometric center point coordinate and a color
distribution of each of the plurality of color cards according
to FIG. 4.

FIG. 6 is a flowchart of another embodiment of the
positioning method for the UAV.

FIG. 7 is a schematic view of one embodiment of a
rotation angle of the UAV.

FIG. 8 is a block diagram of one embodiment of a
positioning device for the UAV.

DETAILED DESCRIPTION

It will be appreciated that for simplicity and clarity of
illustration, where appropriate, reference numerals have
been repeated among the different figures to indicate corre-
sponding or analogous elements. In addition, numerous
specific details are set forth in order to provide a thorough
understanding of the embodiments described herein. How-
ever, it will be understood by those of ordinary skill in the
art that the embodiments described herein can be practiced
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without these specific details. In other instances, methods,
procedures, and components have not been described in
detail so as not to obscure the related relevant feature being
described. Also, the description is not to be considered as
limiting the scope of the embodiments described herein. The
drawings are not necessarily to scale and the proportions of
certain parts may be exaggerated to better illustrate details
and features of the present disclosure.

In the present disclosure, the terms “vertical,” “horizon-
tal” and other similar direction-indicating terms are used
with reference to the UAV in its normal operational mode,
and should not be considered limiting.

Referring to FIG. 1, one embodiment of a positioning
method for an unmanned aerial vehicle (UAV) is disclosed.
The positioning method is configured to obtain a flight speed
and/or a rotation angle of the UAV through getting photos of
color cards. The positioning method can be performed by a
positioning device, and the positioning device can be con-
figured in a computer.

The positioning method for the UAV comprises:

S110, obtaining a first photo and a second photo of a
predetermined form, recognizing a first color card image
from the first photo, and a second color card image from the
second photo by matching the first photo and the second
photo, wherein the predetermined form comprises a plurality
of color cards, and the first color card image and the second
color card image are corresponding to the same target color
card in the plurality of color cards;

S120, calculating a first geometric center point coordinate
and a first barycentric point coordinate of the first color card
image based on a photo coordinate system, determining a
reference line on the target color card by mapping the first
center point coordinate and the first barycentric point coor-
dinate to the target color card, and obtaining a rotation angle
of the UAV based on the reference line; and

S130, calculating a second geometric center point coor-
dinate of the second color card image, determining a dis-
tance between the first geometric center point and the second
geometric center point, and calculating a flight speed based
on the distance.

The plurality of color cards can be different from each
other, such as by color and pattern. The plurality of color
cards can be distributed on the ground or a substantially flat
surface to form the predetermined form. A contour of the
predetermined form can be a circle, square, or other shape.
The UAV can be hovering or flying in the air above or over
(e.g., in an oblique direction of) the predetermined form.

In S110, a camera on the UAV can be configured to
capture photos of the predetermined form in real-time or
periodically. Each photo can comprise an image showing a
part of or the entire predetermined form. A positioning
device can receive the photos from the camera. The posi-
tioning device is configured to process the photos and output
a rotation angle and/or a speed of the UAV through pro-
cessing the photos. In one embodiment, the positioning
device receives and processes the photos from the camera in
real-time. The positioning device can be mounted on the
UAV and receive the photos from the camera through signal
wires, or can be located on the ground and receive the photos
from the camera through wireless communication between
the UAV and a ground station.

The positioning device can recognize a color card image
corresponding to one target color card in the predetermined
form from each photo by matching the captured photos,
through which a mapping relationship between the recog-
nized target color card and the color card image can be
established. In one embodiment, the positioning device
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recognizes a plurality of color card images corresponding to
a plurality or all of the color cards, and a one-to-one
mapping relationship between the color card images in the
photo and the color cards in the predetermined form can be
established. In one embodiment, the positioning device
receives and processes multiple photos taken at different
moments, and can recognize multiple color card images
from the multiple photos, and map the multiple color card
images to the target color card in the predetermined form. It
can be understood that because of the flight height of the
UAV, the size of the predetermined form, and the environ-
ment, the photos captured by the camera may have different
resolutions. Thus, the positioning device may not be able to,
and there is no need to, recognize all of the color cards in the
predetermined form from each photo.

In one embodiment, the first photo and the second photo
can be captured by the camera at different moments within
a time interval. By matching the first photo and the second
photo, the first color card image and the second color card
image can be respectively recognized from the first photo
and the second photo corresponding to the same target color
card in the predetermined form. Thus the target color card
can be determined through the first color card image and the
second color card image.

In S120, after the positioning device recognizes the color
card image from the photos, the target color card can be
obtained, and the positioning device can calculate the geo-
metric center point coordinate and the barycentric point
coordinate of the color card image. The barycentric point
coordinate of the color card image can be calculated based
on a color distribution in the color card image. In one
embodiment, a photo coordinate system can be created on
the photo, and a point (e.g., a corner, a center, or other point)
of the photo can be defined as an origin of the photo
coordinate system. The geometric center point coordinate of
the color card image in the photo coordinate system can be
obtained. The barycentric point coordinate of the color card
image in the photo coordinate system can be calculated
based on the geometric center point coordinate. A line
segment connecting the geometric center point coordinate
and the barycentric point coordinate (shorted as “C-B line”)
of the color card image can be obtained. Because the color
card image corresponds to the recognized target color card
in the predetermined form, the C-B line can be mapped to
the target color card to get the reference line. The geometric
center point coordinate and the barycentric point coordinate
of the target color card can be obtained in a card coordinate
system in which the target color card is located. Based on the
reference line and a direction change of UAV relative to the
reference line, the rotation angle of the UAV can be
obtained.

It can be understood that, the different color card images
in the same photo have different geometric center point
coordinates. Thus, the positioning device can calculate dif-
ferent C-B lines for the different color card images, and the
different C-B lines can be mapped to different color cards to
obtain a plurality of reference lines. Therefore, the rotation
angle of the UAV can be calculated based on the plurality of
reference lines. The calculated rotation angle of the UAV
based on different reference lines can be equal. In order to
avoid a calculation error, the rotation angle of the UAV can
be calculated based on at least three reference lines.

In one embodiment, the first geometric center point coor-
dinate and the first barycentric point coordinate of the first
color card image can be calculated based on the photo
coordinate system created in the first photo. Thus, the C-B
line between the first geometric center point coordinate and
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the first barycentric point coordinate can be obtained. By
mapping the first geometric center point coordinate and the
first barycentric point coordinate to the target color card, the
C-B line on the target color card can be obtained. The C-B
line on the target color card is referred as the reference line.

In S130, the camera captures two different photos at
different moments. After the positioning device recognizes
the color card image of the target color card from the two
different photos, the geometric center point coordinates of
the color card images in the two different photos can be
calculated respectively. In detail, the geometric center point
coordinates of the color card images in the two different
photos can be calculated based on the photo coordinate
system. The two different photos are captured in the certain
time interval, thus the change of the geometric center point
coordinate between the two photos represents a pixel dis-
tance that the UAV moved in the photo within this time
interval.

In one embodiment, the method of calculating the second
geometric center point coordinate of the second color card
image in the second photo can be similar to the method of
calculating the first geometric center point coordinate.

The flight speed can be calculated based on the geometric
center point coordinates of one color card image in different
photos, and the rotation angle of the UAV can be calculated
based on the geometric center point coordinate and the
barycentric point of one color card image in different photos.
The flight speed and the rotation angle can be calculated at
the same time. Furthermore, the calculation of the flight
speed and the rotation angle has no particular sequence, and
it can be selected according to need. In addition, the posi-
tioning device can also be used to navigate the UAV based
on the positioning method. In one embodiment, a desired
rotation angle or a desired flight speed can be input into the
positioning device, and the position device can control the
UAV based on the positioning method for the UAV.

In the positioning method for the UAV, the rotation angle
is calculated based on the geometric center point coordinate
and the barycentric point coordinate of the color card images
in the photos, and the flight speed can be obtained based on
the geometric center point coordinates of the same color
card image in different photos. Therefore, the positioning
method for the UAV does not rely on a satellite positioning
signal. The positioning method for the UAV is low in cost,
and easy to be performed. By using the positioning method,
the UAV is easy to be controlled. Furthermore, the position-
ing method for the UAV has a high positioning speed and a
high positioning accuracy.

In one embodiment, each of the plurality of color cards
has its own color pattern on the surface. The color pattern
can be non-uniform (e.g., non-rotational symmetry). The
plurality of color cards can be different from each other in
the color patterns. In one embodiment, each of the plurality
of color cards is a square which is divided into 16 equal
square blocks. The 16 equal square blocks belong to four set,
groups, or districts. A first district comprises 9 square blocks
arranged in a 3x3 pattern having a square shape. A second
district comprises 4 square blocks arranged in 1x4 pattern
having a rectangular shape. A third district comprises 2
square blocks arranged in a 1x2 pattern and having a
rectangular shape. A fourth district comprises 1 square block
with a square shape. An area ratio among the first district, the
second district, the third district, and the fourth district is
1:2:4:9. Therefore, the four districts are distributed non-
uniformly in each of the plurality of color cards. Referring
to FIG. 2, in order to avoid one of the plurality of color cards
being the same as another color card after being rotated, the
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four districts have four different distributions in the plurality
of cards. After the plurality of color cards are rotated, the
distributions of the four districts are different from each
other. Thus, each color card is different from other color
cards even after being rotated.

In one embodiment, each color card has a different color
distribution among the four districts. The first district, the
second district, the third district, and the fourth district can
be filled with four different colors, such as a first color, a
second color, a third color, and a fourth color, respectively.
The four colors in each two color cards have different color
distributions. The first color, the second color, the third
color, and the fourth color can be red (R), green (G), blue
(B), and yellow (Y), respectively. Referring to FIG. 3, both
the distribution of colors and the distribution of districts in
the four color cards are different from each other. Thus, the
four colors in each of the plurality of color card are distrib-
uted non-uniformly, and the geometric center point coordi-
nate and the barycentric point coordinate are different.
Because the four districts in each color card can have four
different distributions, and each district can be filled with
one of the fourth colors, 256 different color cards can be
obtained. Each color card can have a different pattern from
the other color cards.

As the plurality of color cards are obtained, the plurality
of color cards can be arranged to form a predetermined form.
Referring to FIG. 4, in one embodiment, the plurality of
color cards can be arranged in a round shape. In other
embodiments, the plurality of color cards can be arranged in
a rectangular shape or other shape according to need. In one
embodiment, each color card is square with a side length of
20 centimeters. Each color card in the predetermined form
can have a fixed position, and the UAV can be navigated
based on the predetermined form.

After the plurality of color cards are arranged to form the
predetermined form, the positioning device for the UAV can
store the card coordinate system of the predetermined form,
the district distribution and color distribution of each color
card, and the geometric center point coordinate of each color
card. Referring to FIG. 5, before obtaining the first photo
and the second photo of the predetermined form, the posi-
tioning method for the UAV can further comprise:

S108, establishing a card coordinate system of the pre-
determined form and obtaining the geometric center point
coordinate of each color card in the card coordinate system;
and

S109, obtaining a color distribution of each color card and
setting a positive direction of each color card.

In S108, while the contour of the predetermined form is
circle, the origin (0, 0) can be established at an intersect
point of two vertical intersected tangents of the circle, and
the card coordinate system can be established. After the card
coordinate system is established, the geometric center point
coordinate of each color card in the predetermined form can
be obtained and can be stored in the positioning device. It
can be understood that, the origin can also be established at
other point, and the geometric center point coordinate of
each color card can be changed accordingly.

In S109, after the card coordinate system is established,
the positioning device can collect and store the color distri-
bution and the geometric center point coordinate of each
color card respectively. Furthermore, in order to calculate
the rotation angle, the positive direction of each color card
can be preset. In one embodiment, the positive direction can
be set as the y-axis of the card coordinate system.

Based on S108 and S109, the positioning method for the
UAV can be used to calculate the rotation angle and the flight
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speed of the UAV. Referring to FIG. 6, the positioning
method for the UAV comprises:

S211, obtaining a first photo and a second photo of the
predetermined form, wherein the predetermined form com-
prises a plurality of color cards;

S212, recognizing a plurality of color card images from
both the first photo and the second photo by processing the
first photo and the second photo;

S213, obtaining a first color card image and a second
color card image from the first photo and the second photo
by matching the plurality of color card images with each
other, wherein the first color card image and the second color
card image are corresponding to the same target color card;

S214, obtaining a first geometric center point coordinate
A'(x,, y4,) of the first color card image in the first photo
based on a predetermined photo coordinate system, and
calculating a first barycentric point coordinate B'(Xz., yz,) of
the first color card image;

S215, calculating a barycentric point coordinate B(xz, y5)
based on a geometric center point coordinate A(x,, y,) of
the target color card, the first geometric center point coor-
dinate A'(x,, V), and the first barycentric point coordinate
B'(Xz, y5,) of the first color card image, and taking a line
segment between the geometric center point coordinate and
the barycentric point coordinate as a reference line;

S216, calculating a first angle between the reference line
and a first head direction of the UAV before rotation,
calculating a second angle between the reference line and a
second head direction of the UAV after rotation based on the
second color card image in the second photo, and obtaining
a rotation angle of the UAV by calculating difference
between the first angle and the second angel;

S217, calculating a first geometric center point coordinate
Al'(x,, V) of the first color card image and a second
geometric center point coordinate A2'(X,,, V) of the
second color card image based on the predetermined photo
coordinate system;

S218, obtaining a distance L. between the first geometric
center point coordinate and the second geometric center
point coordinate; and

S219, calculating a flight distance via S=dl./f, and calcu-
lating a flight speed of UAV based on a time interval
between taking the first photo and taking the second photo,
wherein d is a flight height of the UAV, and f'is a focal length
of the camera.

In S211, the UAV comprises camera equipped at the
bottom of the UAV to capture the photos of predetermined
form on the ground or on the flat surface. The camera can
capture the photos in real-time or with a time interval. The
positioning device can obtain the photos from the camera
and record the time interval. The UAV flies above or around
the predetermined form. Thus, the camera can capture at
least a part of the predetermined form or entire predeter-
mined form.

In S212, because the photos comprises at least a part of
the predetermined form, at least one of the target color card
in the predetermined form is captured by the camera, and the
positioning device can recognize the color card image
corresponding to the target color card.

In S213, the positioning device can respectively recognize
the first and second color card images corresponding to the
same color card from the first photo and the second photo.
The first color card image and the second color image have
the same pattern as one of the plurality of color cards, thus
the target color card can be obtained. The positioning device
can recognize a plurality of pre-matching color card images
from the first photo and the second photo, match the
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pre-matching color card images between the first photo and
the second photo, and recognize the color card images of the
same target color card from the first photo and the second
photo.

It can be understood that, the rotation angle and flight
speed of the UAV can be calculated one after another or at
the same time according to need.

In S214, the photo coordinate system is previously stored
in the positioning device. Thus, for the first photo or the
second photo, the positioning device can calculated the
geometric center point coordinate of the first color card
image or the second color card image. Taking the first photo
for example, the positioning device can calculated the first
geometric center point coordinate A'(x,, y,,) of the first
color card image in the first photo based on the photo
coordinate system. The first barycentric point coordinate
B'(xz, ¥z, of the first color image can be calculated through
formulas:

A [

E S faxay YT [favay

wherein x is the pixel value along the x axis, y is the pixel
value along the y axis. The pixel value relates to the color
information of the image. In one embodiment, the pixel
value can be the grey value of the image.

It can be understood that, the positioning device can
calculate the geometric center point coordinate and the
barycentric point coordinate of other recognized color card
images in the first photo. Furthermore, the positioning
device of the UAV can calculate a second geometric center
point coordinate and a second barycentric point coordinate
of color card image in the second photo.

In S215, the barycentric point coordinate B(xz, yz) can be
calculated by:

Xp=(XpX4)XSHX 4, Yp=(VpV.4)XS+Y ;

wherein s=d/f, s is a ratio between an actual distance in the
predetermined form and a single pixel size of the photo
taken by the camera, d is a flight height of the UAV, and f
is a focal length of the camera for taking the photos. After
the positioning device obtains the first geometric center
point coordinate and the first barycentric point coordinate, a
C-B line of the first color card image can be obtained. In
addition, the positioning device can find out the target color
card from the predetermined form based on the first color
card image and the second color card image. Based on the
geometric center point coordinate of the target color card,
the first geometric center point coordinate, and the first
barycentric point coordinate, the barycentric point coordi-
nate of the target color card can be obtained.

The difference x;~-x,. is defined as a pixel difference
between the x-coordinates of the first geometric center point
coordinate and the first barycentric point coordinate. Based
on the ratio s, the difference between the x-coordinates of the
geometric center point coordinate and the barycentric point
coordinate of the target color card can be obtained through
(xz~%4)xs. The x-coordinate of barycentric point coordi-
nate of the target color card can then be obtained. Similarly,
the y-coordinate of the barycentric point coordinate of the
target color card can be calculated. Thus the reference line
between the geometric center point coordinate and the
barycentric point coordinate in the target color card can be
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obtained. The ratio s can be obtained through the fight height
and focal length of the camera in UAV.

In S216, after the reference line is obtained, the reference
line can be taken as a reference, and the positive direction of
the target color card can be configured as a reference
direction. The head direction of the UAV before and after
rotation can be obtained based on the reference line and the
C-B line of the second color card image. Before the rotation
of the UAV, the tail of the UAV can be set as being located
at the geometric center point A of the target color card, and
the head direction of the UAV before the rotation can be
obtained based on the C-B line of the first color card image.
Thus, a first angle between the reference line and the head
direction of the UAV can be calculated. After the rotation of
the UAV, the tail of the UAV can be set as being still located
at the geometric center point A of the color card, the head
direction of the UAV can be obtained based on the C-B line
of the second color card image, and a second angle between
the reference line and the head direction of the UAV can be
calculated. Thus, a difference between the first angle and the
second angle can be configured as the rotation angle. Fur-
thermore, the rotation angle of the UAV can be calculated in
real-time based on the head direction of the UAV.

Referring to FIG. 7, a card coordinate system can be
established by taking the geometric center point A as the
origin, the positive direction of y-axis as the positive direc-
tion of color cards. The barycentric point B is located in the
card coordinate system, and the reference line AB is
obtained. The first angle q1 can be obtained before rotation
based on the first color card image and a first head direction
AQ1 of the UAV, and the second angle q2 can be obtained
after rotation based on a second head direction AQ2 of the
UAV and the reference line AB. Thus the rotation angle
(92—q1) can be obtained.

In detail, the head direction of the UAV can be predeter-
mined as the Y-axis of the photo coordinate system estab-
lished in photos. Thus the first head direction AQ1 of the
UAV in the card coordinate system, can be same as the
direction of the Y-axis of the photo coordinate system by
projecting the first photo onto the card coordinate system.
Similarly, the second head direction head AQ2 of the UAV,
can be same as a second direction of the Y-axis photo
coordinate system by projecting the second photo onto the
card coordinate system. In one embodiment, while the
Y-axis of the photos is different from the head direction of
the UAV, an angle can be existed between the Y-axis and the
head direction of the UAV. The angle should be compensated
before projecting the Y-axis onto the card coordinate system.

In order to improve accuracy of the rotation angle, at least
three reference lines on three different color cards can be
obtained, and at least three rotation angles based on the three
reference line can be obtained respectively. Thus, the rota-
tion angle of UAV can be determined based on the at least
three reference lines.

In S217, after the positioning device recognizes the first
color card image and the second color card image of the
target color card from the first photo and the second photo,
the positioning device can calculate the first geometric
center point coordinate A1'(x,,., y4,.) of the first color card
image, and the second geometric center point coordinate
A2'(X 451, ¥ 4») Of the second color card image based on the
photo coordinate system. Because different photos are cap-
tured at different time, the first photo and the second photo
can be captured in sequence.

In S218, after the first geometric center point coordinate
and the second geometric center point coordinate in the
photo coordinate system are obtained, the distance L
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between the first geometric center point coordinate and the
second geometric center point coordinate in the photo coor-
dinate system can be calculated based on

L2=(% 4 1=X o) >+ g 1=V 42 Pythagorean theorem:

The first photo and the second photo are captured in
sequence, and the movement of the UAV changes the
geometric center point coordinate of the color card image.
The distance L between the first point coordinate and the
second point coordinate can be defined as a pixel distance of
the UAV moving during the time interval between taking the
first photo and the second photo.

In S219, the flight distance S of the UAV can be obtained
through S=dL/f. The time interval w between taking the first
photo and the second photo is the flight time. The flight
speed V can be calculated through: V=S/w.

It can be understood that if the photos are recognized in
real-time, the positioning device can, in real-time, calculate
the flight speed and the flight speed change. Furthermore,
based on the relationship between the geometric center point
coordinate in the photo coordinate system and the geometric
center point coordinate in the card coordinate system of the
predetermined form, the flight route of the UAV can be
obtained.

Referring to FIG. 8, one embodiment of a positioning
device for the UAV is provided. The positioning device is
configured to calculate the flight speed and rotation angle of
the UAV based on captured photos of color cards. The
positioning device can execute the positioning method
above. The positioning device can be configured in a com-
puter, especially in a memory in the computer.

The positioning device comprises a color card identifica-
tion module 310, a rotation angle calculation module 320,
and a flight speed calculation module 330.

The color card identification module 310 is configured to
obtain at least two photos of a predetermined form, and
recognize color card images of the target color card from the
at least two photos by matching the at least two photos. The
predetermined form comprises the plurality of color cards
distributed on the ground. The rotation angle calculation
module 320 is configured to calculate a geometric center
point coordinate and a barycentric point coordinate in one
color card image, obtain a reference line on the target color
card based on the geometric center point coordinate and the
barycentric point coordinate in the color card image, and
calculate the rotation angle based on the reference line. The
flight speed calculation module 330 is configured to calcu-
late the first geometric center point coordinate of the first
color card image and the second geometric center point
coordinate of the second color card image in different
photos, obtain the distance based on the first geometric
center point coordinate and the second geometric center
point coordinate, and calculate the flight speed of the UAV
based on the distance.

In one embodiment, each of the plurality of color cards
has different pattern. Each of the plurality of color cards is
square and divided into 16 equal square blocks. The 16 equal
square blocks belong to four districts. A first district of the
color card comprises 3x3 square blocks and has a shape of
a square. A second district of the color card comprises 1x4
square blocks and has a shape of rectangle. A third district
of the color card comprises 1x2 square blocks and has a
shape of a rectangle. A fourth district of the color card
comprises a 1x1 square block and has a shape of a square.
Each of the plurality of color cards can have a different color
distribution. The first district, the second district, the third
district, and the fourth district can be filled with four
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different colors. The four colors in each two of the plurality
of color cards have different color distributions.

In one embodiment, the positioning device further com-
prises a coordinate system establishing module 301 and a
color collection module 302. The coordinate system estab-
lishing module 301 is configured to establish the card
coordinate system for the predetermined form in order to
obtain the geometric center point coordinate of each of the
plurality of color cards. The color collection module 302 is
configured to collect color distribution in each of the plu-
rality of color cards and set the positive direction of each of
the plurality of color cards.

In one embodiment, the color card identification module
310 comprises a photo capturing unit 311, a photo process-
ing unit 312, and a color card matching unit 313.

The photo capturing unit 311 is configured to obtain
photos captured by the camera. The photo processing unit
312 is configured to obtain at least one color card image by
processing the photos. The color card matching unit 313 is
configured to recognize the color card images of the target
color card from different photos by matching the color card
images between different photos.

In one embodiment, the rotation angle calculating module
320 comprises a color card image coordinate calculating unit
321, a reference line mapping unit 322, and a rotation angle
calculating unit 323.

The color card image coordinate calculating unit 321 is
configured to obtain the geometric center point coordinate
A'(x,,y4) of the color card image, and calculate barycentric
point coordinate B'(xz, yz,) of the color card image:

A [

| [dxdy [ fdxdy

> Vg =

The reference line mapping unit 322 is configured to cal-
culate the barycentric point coordinate B(xg yz) of the
target color card based on the center point A(x,, y,) of the
target color card, the geometric center point coordinate
A'(x4, ¥4, and the barycentric point coordinate B'(xz., y5.),
and obtain the line AB as a reference line: Xz=(Xz~X,)xs+
X 4 V5=(V5~Y 4 )xs+Y 4, wherein s=d/f, s is a ratio between an
actual distance in the predetermined form and a single pixel
size of the photo taken by the camera, d is a flight height of
the UAV, f is a focal length of the camera for taking the
photos. The rotation angle calculating unit 323 is configured
to calculate a first angle between the head direction of the
UAV and the reference line, a second angle between the head
direction of the UAV and the reference line, and determine
the rotation angle by determining a difference between the
first angle and the second angle which is configured as the
rotation angle.

In one embodiment, the flight speed calculation module
330 comprises a line obtaining unit 331, a distance calcu-
lation unit 332, and a flight speed calculation unit 333.

The line obtaining unit 331 is configured to calculate the
first geometric center point coordinate A1'(x,,.,, y,,.) of the
first color card image and the second geometric center point
coordinate A2'(X,., y4,) of the second color card image
based on the predetermined photo coordinate system. The
distance calculate unit 332 is configured to calculate the
distance L between the first geometric center point coordi-
nate A1'(x,,,, V4, of and the second geometric center point
coordinate A2'(X 45, Y 4-) With the follow formula: L*=(x .-
X 40 )* (Y 41~V 42)°. The flight speed calculation unit is con-
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figured to calculate the flight speed of the UAV based on the
flight distance of the UAV and the time interval between
taking the first photo and the second photo, and the flight
distance of the UAV is calculated via S=dL/f, wherein d is
the flight height of the UAV, and f is the focal length of the
camera for taking the photos.

The positioning device of the UAV can be capable of
calculating the rotation angle based on the geometric center
point coordinate and the barycentric point coordinate of the
color card image, and calculating the flight speed based on
the changes of geometric center point coordinates in differ-
ent color card image of target color card. The positioning
device of the UAV is independent from satellite positioning
signal, low in cost, easy to control, high in positioning speed,
and high in positioning accuracy.

For embodiments of the present disclosure, the processing
of'the present disclosure can be accomplished by a computer
executable program, and this program can be realized in a
computer-readable memory device.

In embodiments of the present disclosure, the memory
device, such as a magnetic disk, a optical disk, a hard disk,
an optical disk (CD-ROM, CD-R, DVD, and so on), an
optical magnetic disk (MD, and so on) can be used to store
instructions for causing a processor or a computer to per-
form the processes described above.

Furthermore, based on an indication of the program
installed from the memory device to the computer, OS
(operation system) operating on the computer, or MW
(middle ware software), such as database management soft-
ware or network, may execute one part of each processing
to realize the embodiments.

Furthermore, the memory device is not limited to a device
independent from the computer. By downloading a program
transmitted through a LAN or the Internet, a memory device
in which the program is stored is included. Furthermore, the
memory device is not limited to one. In the case that the
processing of the embodiments is executed by a plurality of
memory devices, a plurality of memory devices may be
included in the memory device. The component of the
device may be arbitrarily composed.

In embodiments of the present disclosure, the computer
executes each processing stage of the embodiments accord-
ing to the program stored in the memory device. The
computer may be one apparatus such as a personal computer
or a system in which a plurality of processing apparatuses
are connected through the network. Furthermore, in the
present disclosure, the computer is not limited to the per-
sonal computer. Those skilled in the art will appreciate that
a computer includes a processing unit in an information
processor, a microcomputer, and so on. In short, the equip-
ment and the apparatus that can execute the functions in
embodiments of the present disclosure invention using the
program are generally called the computer.

The embodiments shown and described above are only
examples. Even though numerous characteristics and advan-
tages of the present technology have been set forth in the
foregoing description, together with details of the structure
and function of the present disclosure, the disclosure is
illustrative only, and changes may be made in the detail,
especially in matters of shape, size, and arrangement of the
parts within the principles of the present disclosure, up to
and including the full extent established by the broad general
meaning of the terms used in the claims. It will therefore be
appreciated that the embodiments described above may be
modified within the scope of the claims.
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What is claimed is:
1. A positioning method for an unmanned aerial vehicle,
the method comprising:
obtaining a first photo and a second photo of a predeter-
mined form from the unmanned aerial vehicle;

recognizing a first color card image from the first photo,
and a second color card image from the second photo
by matching the first photo and the second photo,
wherein the predetermined form comprises a plurality
of color cards, and the first color card image and the
second color card image are corresponding to the same
target color card in the plurality of color cards;
calculating a first geometric center point coordinate and a
first barycentric point coordinate of the first color card
image based on a photo coordinate system;

determining a reference line on the target color card by
mapping the first geometric center point coordinate and
the first barycentric point coordinate to the target color
card; and

obtaining a rotation angle of the unmanned aerial vehicle

based on the reference line.

2. The method of claim 1, further comprising:

calculating a second geometric center point coordinate of

the second color card image based on the photo coor-
dinate system;

obtaining a distance between the first geometric center

point coordinate and the second geometric center point
coordinate; and

calculating a speed of the unmanned aerial vehicle based

on the distance.

3. The method of claim 1, wherein the plurality of color
cards have non-rotational-symmetry patterns different from
each other.

4. The method of claim 3, wherein each of the plurality of
color cards is a square and divided into 16 equal square
blocks grouped into four districts, and the four districts are
filled with four different colors.

5. The method of claim 4, wherein the four districts
comprise a first district, a second district, a third district, and
a fourth district; the first district comprises 9 square blocks
arranged in a 3x3 pattern and has a shape of a square; the
second district comprises 4 square blocks arranged in a 1x4
pattern and has a shape of a rectangle, the third district
comprises 2 square blocks arranged in a 1x2 pattern and has
a shape of a rectangle, and the fourth district comprises 1
square block, which has a shape of a square.

6. The method of claim 5, wherein the four districts in the
plurality of color cards have four different distributions, and
the plurality of color cards have different color distributions
from each other.

7. The method of claim 1, wherein the determining the
reference line on the target color card by mapping the first
geometric center point coordinate and the first barycentric
point coordinate to the target color card comprises:

calculating a barycentric point coordinate of the target

color card based on a geometric center point coordinate
of the target color card, the first geometric center point
coordinate, and the first barycentric point coordinate;
and

determining a reference line between the geometric center

point coordinate and the barycentric point coordinate of
the target color card.

8. The method of claim 1, wherein the obtaining the
rotation angle of the unmanned aerial vehicle based on the
reference line comprises:
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calculating a first angle between the reference line and a
first head direction of the unmanned aerial vehicle
before rotation;

obtaining a second angle between the reference line and
a second head direction of the unmanned aerial vehicle
after rotation; and

calculating the rotation angle by calculating a difference
between the first angle and the second angle.

9. The method of claim 1, further comprising:

establishing a card coordinate system of the predeter-
mined form and obtaining a geometric center point
coordinate of each of the plurality of color cards of the
predetermined form; and

obtaining a pattern of each of the plurality of color cards
and a positive direction of each of the plurality of color
cards.

10. A positioning method for an unmanned aerial vehicle,

the method comprising:

obtaining a first photo and a second photo of a predeter-
mined form from the unmanned aerial vehicle, wherein
the predetermined form comprises a plurality of color
cards different from each other;

recognizing pre-matching color images from both the first
photo and the second photo;

obtaining a first color card image and a second color card
image from the first photo and the second photo by
matching the pre-matching color card images with each
other, wherein the first color card image and the second
color card image are corresponding to a target color
card, and both the first color card image and the second
color card image are images of the target color card;

obtaining a first geometric center point coordinate A'(x .,
y 4 of the first color card image in the first photo based
on a photo coordinate system, and calculating a first
barycentric point coordinate B'(xz, yz) of the first
color card image;

calculating a barycentric coordinate B(xz, yz) based on a
geometric center point coordinate A(x,, y,) of the
target color card, the first geometric center point coor-
dinate A'(x,, V), and the first barycentric point coor-
dinate B'(xz, yz,) of the first color card image, and
taking a reference line between the center pint coordi-
nate and the barycentric point coordinate;

calculating a first angle between the reference line and a
first head direction of the unmanned aerial vehicle
before rotation, calculating a second angle between the
reference line and a second head direction of the
unmanned aerial vehicle after rotation, and obtaining a
rotation angle of the unmanned aerial vehicle by cal-
culating difference between the first angle and the
second angle;

calculating a first geometric center point coordinate Al'
(X415 V4 of the first color card image and a second
geometric center point coordinate A2'(X 5, V45, of the
second color card image based on the predetermined
photo coordinate system;

obtaining a distance L. between the first geometric center
point coordinate and the second geometric center point
coordinate; and

calculating a flight distance, and calculating a flight speed
of the unmanned aerial vehicle based on a time interval
between taking the first photo and taking the second
photo.

11. The method of claim 10, wherein the first barycentric

point coordinate B'(xz, ygz) of the first color image is
calculated through formulas:
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12. The method of claim 10, wherein the barycentric

coordinate B(Xz, y5) is calculated by:

Xp=(Xp—X 4)x5+x 4, and

Y=(Vpr¥.a)xs+y.

wherein s=d/f, d is a flight height of the unmanned aerial
vehicle, and f is a focal length of the camera.
13. The method of claim 12, wherein the distance L

between the first geometric center point coordinate and the
second geometric center point coordinate is calculated by:

DP=x =%+ QarY.02)s
and the flight distance S is calculated by:
S=dL/f

14. A positioning device for an unmanned aerial vehicle,

the positioning device comprising:

a color card identification module configured to obtain at
least two photos of a predetermined form, and recog-
nize color card images of a target color card from the
at least two photos by matching the at least two photos,
wherein the predetermined form comprises a plurality
of color cards;

a rotation angle calculation module configured to calcu-
late a geometric center point coordinate and a barycen-
tric point coordinate in at least one of the color card
images, configured to obtain a reference line on the
target color card based on the geometric center point
coordinate and the barycentric point coordinate in the at
least one of the color card images, and configured to
calculate a rotation angle based on the reference line.

15. The positioning device of claim 14, further compris-

ing a coordinate system establishing module and a color
collection module, wherein the coordinate system establish-
ing module is configured to establish a card coordinate
system for the predetermined form, and the color collection
module is configured to collect a color distribution in each
of the plurality of color cards and set a positive direction of
the plurality of color cards.

16. The positioning device of claim 14, wherein the color

card identification module comprises:

a photo capturing unit configured to obtain at least two
photos captured from the unmanned aerial vehicle;

a photo processing unit configured to obtain the color card
images by processing the at least two photos; and

a color card matching unit configured to recognize the
color card images of the same color card from the at
least two photos by matching the at least two photos.

17. The positioning device of claim 14, wherein the

rotation angle calculating module comprises:

a color card image coordinate calculating unit, wherein
the color card image coordinate unit is configured to
obtain the geometric center point coordinate and the
barycentric point coordinate in the color card image;

a reference line mapping unit configured to obtain the
reference line by calculating a barycentric point coor-
dinate of the color card based on a center point of the
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color card, the geometric center point coordinate of the
color card image and the barycentric point coordinate
of the color card image; and
a rotation angle calculating unit, wherein the rotation
angle calculating unit is configured to calculated a first
angle between a first head direction of the unmanned
aerial vehicle and the reference line, a second angle
between a second head direction of the unmanned
aerial vehicle and the reference line, and get a differ-
ence between the first angle and the second angle.
18. The positioning device of claim 14, wherein the at
least two photos comprise a first photo and a second photo,
the color card images comprise a first color card image and
a second color card image, and the positioning device further
comprising:
a flight speed calculation module configured to calculate
a first geometric center point coordinate of the first
color card image and a second geometric center point
coordinate of the second color card image in different
photos, obtain a distance between the first geometric
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center point coordinate and the second geometric center
point coordinate, and calculate a flight speed based on
the distance.

19. The positioning device of claim 18, wherein the flight

speed calculation module comprises:

a line obtaining unit configured to calculate the first
geometric center point coordinate of the first color card
image and the second geometric center point coordinate
of the second color card image based on a predeter-
mined photo coordinate system;

a distance calculation unit configured to calculate a dis-
tance L between the first geometric center point coor-
dinate of and the second geometric center point coor-
dinate; and

a flight speed calculation unit configured to calculate the
flight speed by calculating a flight distance based on the
distance L and a time interval between taking the first
photo and the second photo.
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