wo 2020/047713 A1 |0 0000 KO0 Y 0O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
12 March 2020 (12.03.2020)

(10) International Publication Number

WO 2020/047713 Al

WIPO I PCT

(51) International Patent Classification:
GO1C 21720 (2006.01)

(21) International Application Number:
PCT/CN2018/103821

(22) International Filing Date:

03 September 2018 (03.09.2018)
(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: ABB SCHWEIZ AG [CH/CH], Brown Boveri
Strasse 6, 5400 Baden (CH).

(72) Inventors; and

(71) Applicants (for T only): QIAN, Changnian [CN/CN];
Room 402, Unit 29, No. 585 Dongbo Road, Pudong
New District, Shanghai 200129 (CN). WANG, Yanjun
[CN/CN]; Room 601, No. 20, Lane 180, Huanzhen North
Road, Baoshan District, Shanghai 200436 (CN). MA, Bo-
jun [CN/CN], Room 501, No. 24, Lane 465, Kangshen

Road, Kanggiao Town, Pudong New District, Shanghai
201315 (CN).

Agent: KING & WOOD MALLESONS, 20th Floor,
East Tower, World Financial Centre, No. 1 Dongsanhuan
Zhonglu, Chaoyang District, Beijing 100020 (CN).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(54) Title: METHOD AND APPARATUS FOR MANAGING ROBOT SYSTEM

300 ~a

/310

OBTAIN ORIENTATIONS FOR LINKS
LINKS ARE ARRANGED IN AT LEAST

ORIENTATIONS INDICATING A DIRECTION POINTED BY ONE OF THE LINKS

IN THE ROBOT SYSTEM WHEN THE
ONE POSTURE, HERE EACH OF THE

A

1 /320

OBTAIN, FROM A VISION DEVICE EQUIPPED ON ONE OF THE LINKS, AT
LEAST ONE IMAGE OF AN OBJECT PLACED IN THE ROBOT SYSTEM

A

! 330

DETERMINE, BASED ON THE ORIENTATIONS AND THE AT LEAST ONE
IMAGE, A FIRST MAPPING BETWEEN A VISION COORDINATE SYSTEM OF
THE VISION DEVICE AND A LINK COORDINATION SYSTEM OF THE LINK

FIG. 3

(57) Abstract: Embodiments of the present disclosure provide methods for managing a robot system. In the method, orientations for
links in the robot system may be obtained when the links are arranged in at least one posture, here each of the orientations indicates a
direction pointed by one of the links. At least one image of an object placed in the robot system may be obtained from a vision device
equipped on one of the links. Based on the orientations and the at least one image, a first mapping may be determined between a vision
coordinate system of the vision device and a link coordination system of the link. Further, embodiments of present disclosure provide
apparatuses, systems, and computer readable media for managing a robot system. The vision device may be calibrated by the first
mapping and may be used to manage operations of the robot system.

[Continued on next page]



WO 2020/047713 A | [IN 0000000000 PO

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2020/047713 PCT/CN2018/103821

METHOD AND APPARATUS FOR MANAGING ROBOT SYSTEM

FIELD

[0001] Example embodiments of the present disclosure generally relate to a robot system,
and more specifically, to methods, apparatuses, systems and computer readable media for

managing a robot system equipped with a vision device.

BACKGROUND

[0002] With the development of computer and automatic control, robot systems have been
widely used to process various types of objects in the manufacturing industry. Typically, a
robot system may have a plurality of mechanical arms (also referred to as links), each of
which may move within a respective predetermined range. In order to enable the robot
system to perform operations on the object (such as grabbing the object, measuring the size
of the object, cut the object to a predetermined shape, etc.), vision devices such as cameras

may be deployed to take images of the object to facilitate operations of the arms.

[0003] There have been proposed several solutions for deploying a camerya and assisting
robot system’s operation. However, conventionally the camera can be only operated at
some specific positions where the camera has been calibrated. Therefore, it is desired to

manage the robot system with a camera in a more effective and convenient manner.

SUMMARY

[0004] Example embodiments of the present disclosure provide solutions for controlling a

robot system.

[0005] In a first aspect, example embodiments of the present disclosure provide a method
for managing a robot system. The method may comprise: obtaining orientations for links
in the robot system when the links are arranged in at least one posture, each of the
orientations indicating a direction pointed by one of the links; obtaining, from a vision
device equipped on one of the links, at least one image of an object placed in the robot
system; and determining, based on the orientations and the at least one image, a first
mapping between a vision coordinate system of the vision device and a link coordination

system of the link. With these embodiments, the position and orientation of the vision
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device is not limited to a fixed position any more. Instead, the vision device may be
amounted to any position in the robot system (for example, on any of the arms in the robot
system). Further, it is only required to perform the method of the present invention once
before normal operations of the robot system. Once the vision device is calibrated
according to the present disclosure, it may be used to take images when the arm is moved

to any position during the operations of the robot system.

[0006] In some embodiments, determining the first mapping comprising: determining,
based on the orientations, a second mapping between the link coordinate system and a
world coordinate system of the robot system; determining, based on the at least one image,
a third mapping between the vision coordinate system and the world coordinate system;
and determining the first mapping based on a transformation relationship between the first,
second and third mappings. Compared with determination of the first mapping, the
second and the third mappings are relatively easily to be determined. With these
embodiments, an effective conversion method is provided for determining the first mapping
between the vision coordinate system of the vision device and the link coordination system

of the link.

[0007] In some embodiments, determining the second mapping comprises: determining
the second mapping based on the orientations and positions of the links. As the
orientations and positions of the links are easily to be measured, these embodiments
provide a convenient and effective manner for determining the second mapping between

the link coordinate system and the world coordinate system of the robot system.

[0008] In some embodiments, determining the third mapping comprises: obtaining a first
measurement and a second measurement for a first point and a second point in an image of
the at least one image respectively, the first and second points located in a first axis of the
vision coordinate system; obtaining a third measurement of a third point in the image, the
third point located in a second axis of the vision coordinate system; and determining the
third mapping based on the obtained first, second and third measurements. With these
embodiments, three points may be selected from the image taken by the vision device. As
the coordinates of the three points in the vision coordinate system may be measured from
the image, and the coordinates of the three points in the world coordinate system may be
read from the robot system, the third mapping may be determined in an automatic manner

without manual intervention.
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[0009] In some embodiments, the method further comprises calibrating the vision device
with a calibration board of the vision device before the obtaining the at least one image.
With these embodiments, the vision device may be calibrated with the calibration board,
therefore the further processing in the present disclosure may be performed on an accurate
base. Moreover, the subsequent for determining the mappings between various coordinate

systems and for controlling the robot system may be implemented in a precious way.

[0010] In some embodiments, obtaining the orientations for the links comprises: obtaining
a first group of orientations for the links when the group of links are arranged in a first
posture; and obtaining a second group of orientations for the links when the group of links
are arranged in a second posture; and obtaining the at least one image of the object
comprises: obtaining a first image when the links are arranged in the first posture, and
obtaining a second image when the links are arranged in the second posture. Beside the
above method for determining the first mapping, these embodiments provide a further
method for determining the first mapping by placing the links of the robot system into a
first posture and a second posture. By collecting the orientations and the images
associated with the first posture and the second posture, respectively, the first mapping may

be determined in an automatic manner without any manual intervention.

[0011] In some embodiments, determining the first mapping comprises: constructing a
transformation relationship between the first mapping, the first and second groups of
orientations and the first and second images, the first mapping being an unknown variable
in the transformation relationship; and solving the transformation relationship so as to
determine the first mapping. With these embodiments, the first mapping may be
determined by solving the transformation relationship which is constructed based on the
measurements collected in the robot system in real time. Here, the collected
measurements may correctly reflect the association between the various coordinate systems,
therefore the first mapping may be determined in an accurate and automatic manner

without manual intervention.

[0012] In some embodiments, the method further comprises: obtaining, from the vision
device, an image of a target object to be processed by the robot system; determining a
source coordinate of the target object in the obtained image, the source coordinate
represented in the vision coordinate system; determining a destination coordinate of the
target object based on the source coordinate and the first mappings, the destination

coordinate represented in the world coordinate system; and processing the target object
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based on the destination coordinate. With these embodiments, a shape of the target object
may be easily converted between the vision coordinate system which is taken by the vision
device and the world coordinate system which is taken by a controller of the robot system
during the subsequent operation of the robot system. Further, coordinates of the controller
and the target object may be converted into a uniformed one and thus the robot system may

be assisted to perform any desired operation.

[0013] In a second aspect, example embodiments of the present disclosure provide an
apparatus for managing a robot system. The apparatus comprises: an orientation
obtaining unit configured to obtain orientations for links in the robot system when the links
are arranged in at least one posture, each of the orientations indicating a direction pointed
by one of the links; an image obtaining unit configured to obtain, from a vision device
equipped on one of the links, at least one image of an object placed in the robot system; and
a determining unit configured to determine, based on the orientations and the at least one
image, a first mapping between a vision coordinate system of the vision device and a link

coordination system of the link.

[0014] In some embodiments, the determining unit comprises: a second mapping
determining unit configured to determine, based on the orientations, a second mapping
between the link coordinate system and a world coordinate system of the robot system; a
third mapping determining unit configured to determine, based on the at least one image, a
third mapping between the vision coordinate system and the world coordinate system; and
a first mapping determining unit configured to determine the first mapping based on a

transformation relationship between the first, second and third mappings.

[0015] In some embodiments, the second mapping determining unit is further configured

to: determine the second mapping based on the orientations and positions of the links.

[0016] In some embodiments, the third determining unit comprises: a measurement
obtaining unit configured to: obtain a first measurement and a second measurement for a
first point and a second point in an image of the at least one image respectively, the first
and second points located in a first axis of the vision coordinate system; obtain a third
measurement of a third point in the image, the third point located in a second axis of the
vision coordinate system; and a mapping determining unit configured to determine the third

mapping based on the obtained first, second and third measurements.

[0017] In some embodiments, the apparatus further comprises a calibrating unit
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configured to calibrate the vision device with a calibration board of the vision device

before the obtaining the at least one image.

[0018] In some embodiments, the orientation obtaining unit is further configured to:
obtain a first group of orientations for the links when the group of links are arranged in a
first posture; and obtain a second group of orientations for the links when the group of links
are arranged in a second posture; and the image obtaining unit is further configured to:
obtain a first image when the links are arranged in the first posture, and obtain a second

image when the links are arranged in the second posture.

[0019] In some embodiments, the determining unit comprises: a constructing unit
configured to construct a transformation relationship between the first mapping, the first
and second groups of orientations and the first and second images, the first mapping being
an unknown variable in the transformation relationship; and a solving unit configured to

solve the transformation relationship so as to determine the first mapping.

[0020] In some embodiments, the image obtaining unit further configured to obtain, from

the vision device, an image of a target object to be processed by the robot system.

[0021] In some embodiments, the apparatus further comprises: a source determining unit
configured to determine a source coordinate of the target object in the obtained image, the
source coordinate represented in the vision coordinate system; a destination determining
unit configured to determine a destination coordinate of the target object based on the
source coordinate and the first mappings, the destination coordinate represented in the
world coordinate system; and a processing unit configured to process the target object

based on the destination coordinate.

[0022] In a third aspect, example embodiments of the present disclosure provide a system
for managing a robot system. The system comprises: a computer processor coupled to a
computer-readable memory unit, the memory unit comprising instructions that when

executed by the computer processor implements the method for managing a robot system.

[0023] In a fourth aspect, example embodiments of the present disclosure provide a
computer readable medium having instructions stored thereon, the instructions, when
executed on at least one processor, cause the at least one processor to perform the method

for managing a robot system.
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DESCRIPTION OF DRAWINGS

[0024] FIG. 1 illustrates a schematic diagram for managing a robot system comprising

robot link(s) and vision device(s);

[0025] FIG. 2 illustrates a schematic diagram for a robot system in which embodiments of

the present disclosure may be implemented,;

[0026] FIG. 3 illustrates a flowchart of a method for managing a robot system in

accordance with embodiments of the present disclosure;

[0027] FIG. 4 illustrates a schematic diagram for determining a mapping between a link
coordinate system and a world coordinate system in accordance with embodiments of the

present disclosure;

[0028] FIG. 5 illustrates a schematic diagram for calibrating a vision device based on a

calibration board in accordance with embodiments of the present disclosure;

[0029] FIG. 6 illustrates a schematic diagram for determining a mapping between a vision
coordinate system and a world coordinate system based on points selected in an image

captured by a vision device in accordance with embodiments of the present disclosure;

[0030] FIG. 7 illustrates a schematic diagram of an apparatus for managing a robot

system in accordance with embodiments of the present disclosure; and

[0031] FIG. 8 illustrates a schematic diagram of a system for managing a robot system in

accordance with embodiments of the present disclosure.

[0032] Throughout the drawings, the same or similar reference symbols are used to

indicate the same or similar elements.

DETAILED DESCRIPTION OF EMBODIEMTNS

[0033] Principles of the present disclosure will now be described with reference to several
example embodiments shown in the drawings. Though example embodiments of the
present disclosure are illustrated in the drawings, it is to be understood that the
embodiments are described only to facilitate those skilled in the art in better understanding
and thereby achieving the present disclosure, rather than to limit the scope of the disclosure

in any manner.
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1. Environment

[0034] For the sake of description, reference will be made to FIG. 1 to provide a general
description of environment in which embodiments of the present disclosure can be
implemented. FIG. 1 illustrates a schematic diagram 100 for managing a robot system
110 comprising robot link(s) 112 and vision device(s) 114. In FIG. 1, the robot system
110 may comprise one or more links 112. Here, the link 112 may refer to a mechanical
arm in the robot system 110 for processing an object such as a workpiece that is to be
manufactured by the robot system 110. The end of the link 112 may be connected to a
tool such as a drill for drilling a hole in the object. In order to assistant a controller 120
for the robot system 110, one or more vision devices 114 may be deployed at the link 112.
Examples of the vision devices include, but are not limited to, a photo camera, a video
camera, and the like. In aid of images taken by the vision device 114, the controller 120
may control the robot system 110 to implement instructions including interactive with the

object.

[0035] FIG. 2 illustrates a schematic diagram 200 for the robot system 110 in which
embodiments of the present disclosure may be implemented. In FIG. 2, the robot system
110 may comprise a link 112 and a link 112°, where the link 112” is connected to a base of
the robot system 110, and the link 112 is connected to the link 112°. As shown, the link
112’ may rotate around an axis 230 in the base of the robot system 110, and the link 112
may rotate around an axis 230 in the link 112°. Further, a vision device 114’ may be
equipped at the link 112°, and a vision device 114 may be equipped at the link 112. As
shown, a tool 210 may be connected to the end of the link 112 for manufacturing an object

220.

[0036] In the system as shown in FIG.2, there may be various coordinate systems for
various portions associated with the robot system 110. For example, a world coordinate
system 250 may be defined for the robot system 110, a link coordinate system 252 may be
defined for the link 112, a vision coordinate system 254 may be defined for the vision
device 114, and an object coordinate system 258 may be defined for the object 220.
Although only two links 112° and 112 are shown in FIG. 2, more or less links may be
equipped in the robot system 110.

[0037] There have been proposed solutions for manage a robot system equipped with a

vision device. According to one solution, a camera may be deployed at a fixed position
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associated with the robot system. For example, the camera may be arranged at a fixed
base. However, a field of view of the camera is limited by the position of the base and the
orientation of the camera, and thus images taken by the camera cannot trace movements of

the arms of the robot system.

[0038] In another solution, the camera may be mounted to the arm of the robot system.
However, this technical solution needs to calibrate the camera at a predetermined position
at an initial stage of the robot system. The camera is allowed to take images only when
the arm is at the predetermined position during the operation. At this time, although the
camera is fixed at the arm, the camera can only operate normally when the arm is in the
predetermined position, and the ficld of view of the camera is still limited to the

predetermined position and cannot trace movements of the arm.

2. General Principles

[0039] In order to at least partially solve the above and other potential problems, a new
method for managing a robot system equipped with a vision device is disclosed according
to embodiments of the present disclosure. In general, according to embodiments of the
present disclosure, orientations for links in the robot system 110 when the links 112 are
arranged in at least one posture are obtained. Each of these orientations indicates a
direction pointed by one of the links. Additionally, at least one image of an object 220
placed in the robot system 110 is obtained from a vision device 114 equipped on one of the
links 112. Based on the orientations and the at least one image, a first mapping between a
vision coordinate system 254 of the vision device 114 and a link coordination system 252

of the link 112 can be determined.

[0040] In this way, the position and orientation of the vision device 114 is not limited to a
fixed position. Instead, the vision device 114 may be arranged at any position in the robot
system 110 (for example, on any of the arms in the robot system 110). Further, it is only
required to perform the method of the present invention once before normal operations of
the robot system. Once the vision device 114 is calibrated according to the first mapping
in the embodiments of the method, the vision device 114 may be used to take images when
the arm is moved to any position during the operations of the robot system 110. Therefore,
the vision device 114 may move along with the link 112 and trace movements of the link

112.
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3. Example Process

[0041] Details of the present invention will be provided with reference to FIG. 3, which
illustrates a flowchart of a method 300 for managing the robot system 110 in accordance

with embodiments of the present disclosure.

[0042] At block 310, orientations for links 112 in the robot system 110 may be obtained
when the links 112 are arranged in at least one posture. Each of the orientations may
indicate a direction pointed by one of the links 112. For example, in FIG. 2, the links 112
and 112’ may be arranged in one or more postures. For each posture, an orientation of the
link 112 and an orientation of the link 112’ may be obtained. = In some embodiments, the
orientation may be represented by three degrees such as (o, B, y) indicates the pitch, yaw

and roll angle of the orientation.

[0043] Although only two links are depicted in the robot system 110, this is merely for
illustration without suggesting any limitations as to the scope of the present disclosure. In
other embodiments of the present disclosure, more links may be deployed in the robot
system 110. Generally, if there are N links where N is a natural number, then N
orientations may be obtained at block 310. At this point, the obtained orientations may be

represented by an array of orientations, where the i"™ element in the array may indicate the

b yrientation associated with the i link.

it
[0044] At block 320, at least one image of the object 220 placed in the robot system 110
may be obtained from the vision device 114 equipped on one of the links 112. Here, the
object 220 may be placed within an area reachable by the link 112 in the robot system 110.
In some embodiments, the object 220 may be a calibration board which can be used for

calibrating the vision device 114.

[0045] At block 330, based on the orientations and the at least one image, a mapping
(referred to as “first mapping”) between the vision coordinate system 254 of the vision

device 114 and the link coordination system 252 of the link 112 is determined.

[0046] In some embodiments, the first mapping may be represented by a transformation

between the coordinate systems 252 and 254. For example, a transformation matrix

THN may be used to represent the first mapping. With the first mapping T4™N, points

in the object 220 which are captured by the vision device 114 in the vision coordinate

system 254 can be transformed from the vision coordinate system 254 into the world
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coordinate system 250.

4. Determination of First Mapping

[0047] In various embodiments, the first mapping TXHN can be determined in a variety

of manners. In some embodiments, the first mapping may be determined from one group
of orientations and one image. Alternatively, in other embodiments, the first mapping
may be determined from two groups of orientations and two images. Details of these two

kinds of way for determining the first mapping will now be discussed.

4.1. Example implementation 1

[0048] In some embodiments, for example, in order to determine the first mapping, the
links 112 may be arranged in a first posture. At this point, the orientations of the links 112
the image of the object 220 may be obtained according to the above blocks 310 and 320
respectively, and then the obtained orientations and image may be used to determine the
first mapping. In these embodiments, based on the orientations obtained at the block 310,
a mapping (referred to as “second mapping” and represented by a transformation matrix
Tortd ) between the link coordinate system 252 and the world coordinate system 250 of
the robot system 110 may be determined. The second mapping can be used to transform
coordinates from the link coordinate system 252 into the world coordinate system 250.
Then, based on the image obtained at block 320, a mapping (referred to “third mapping”

TWorldy hetween the vision coordinate system

and represented by a transformation matrix
254 and the world coordinate system 250 may be determined. The third mapping can be
used to transform coordinates from the vision coordinate system 254 into the world

coordinate system 250.

[0049] According to a geometry relationship in various portions of the robot system 110,

the first mapping can be determined based on the second and third mappings as below:

world _ pworld linkN
Tvision — YlinkN *Tvision (1)

[0050] Compared with a difficulty for determining the first mapping, the second and the
third mappings are relatively easily to be determined. With these embodiments, an
effective conversion method is provided for determining the first mapping between the

vision coordinate system 254 of the vision device 114 and the link coordination system 252

10
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of the link 112.

[0051] In some embodiments, the second mapping may be determined based on the
orientations and positions of the links 112. As the orientations and positions of the links
112 are easily to obtain, these embodiments provide a convenient and effective manner for
determining the second mapping between the link coordinate system 252 and the world
coordinate system 250. Now example embodiments for determining the second mapping

Torid will be described with reference to FIG. 4.

[0052] In FIG. 4, only one link 410 is shown in the robot system 110 for simplicity. It
will be easily appreciated how to determine the second mapping when the robot system 110
includes more links 112. Here, the robot system 110 is defined in the world coordinate
system 250, and the link 410 is defined in the link coordinate system 252. In this example,
the orientation 330 may be determined according to the procedure shown at block 310 of
FIG. 3. The positon of the link 410 may be determined based on the height H of the link
410 and the width W of the link 410.

Tworld

[0053] Based on a geometry relationship as shown in FIG. 4, the second mapping T)ixn

between the link coordinate system 252 and the world coordinate system 250 may be
determined. For example, trigonometric functions based on the width W, the height H
world

and the orientation 330 may be used to determine the transformation matrix Tj; N and

details will be omitted hereinafter.

[0054] In some embodiments, the vision device 114 may be calibrated with a calibration
board of the vision device 114 before the obtaining the at least one image. Details will be
provided with reference to FIG. 5, which illustrates a schematic diagram 500 for calibrating
the vision device 114 based on a calibration board 510 in accordance with embodiments of
the present disclosure. As shown in FIG. 5, the calibration board 510 may be utilized for
calibrating the vision device 114. The calibration board 510 may be a board printed with
grids and reference marks 512 and 514. Here, the reference 512 and 514 may be used to
determine the directions x and y in the vision coordinate system 254. In this embodiment
of the present disclosure, the vision device 114 may be calibrated according to a traditional
solution, and thus a mapping between the pixels in the images taken by the vision device
114 and corresponding points in the calibration board 510 may be defined. Accordingly,
an x axis 520, a y axis 530, and an original point 540 in the vision coordinate system 254

may be determined during the calibrating procedure.

11
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[0055] With these embodiments, the vision device 114 may be calibrated with the
calibration board 510, therefore the further processing in the present disclosure may be
performed on an accurate base. Moreover, the subsequent procedure for determining the
mappings between various coordinate systems and for controlling the robot system 110

may be implemented in a precious way.

[0056] In some embodiments, the third mapping may be determined based on the image
obtained at block 320. Now example embodiments for determining the third mapping
Tl will be described with reference to FIG. 6.  FIG. 6 illustrates a schematic diagram
600 for determining a third mapping between the vision coordinate system 254 and the
world coordinate system 250 based on points selected in an image captured by the vision
device 114 in accordance with embodiments of the present disclosure. As shown in FIG.
6, a first point 610 and a second point 620 may be selected from the x axis 510 in the image.
Here, a tool with a tip may be connected to the link 112 for selecting the first point 610 and
the second point 620. A third point 630 in the y axis 520 in the image may be also

selected with the tip. In this example, the image may be an image of the calibration board

or another object that is placed under the vision device 114.

[0057] As shown in FIG. 6, three coordinates in the vision coordinate system 254 may be
measured from the three points 610, 620 and 630 in image, respectively. In some
embodiments, each of the three coordinates may include six freedom degrees: (X, y, z, o, B,
v), where three degrees such as (X, y, z) for indicating the positions; and three degrees such
as (a, B, y) for indicating the orientations. Further, three coordinates of the three points
610, 620 and 630 in the world coordinate system 250 may be read from the robot system
110, and the read coordinates may also be represented as (X, y, z, a, 3, y). Based on the

above values of coordinates in the vison coordinate system 254 and the world coordinate

Tworld

system 250, the third mapping T,¢,n may be determined.

[0058] With these embodiments, the above three points may be selected from the image
taken by the vision device 112. As the coordinates of the three points in the vision
coordinate system 254 may be measured from the image, and the coordinates of the three
points in the world coordinate system 250 may be read from the robot system 110, the third
mapping may be determined in an automatic manner without manual intervention. Based
on the second mapping and the third mapping, the first mapping may be determined

according to the above Equation (1).

12
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4.2. Example Implementation Il

[0059] The above paragraphs have described some embodiments for determining the first
mapping based on one group of orientations and one image. Hereinafter, other
embodiments for determining the first mapping based on two groups of orientations and

two images will be described.

[0060] In some embodiments, in order to obtain the orientations for the links, the links
112 may be arranged in a first and a second posture, respectively. When the links are
arranged in the first posture, a first group of orientations of the links and a first image of the
object 220 may be obtained for the links 112. Further, when the links are arranged in the
second posture, a second group of orientations of the links and a second image of the object
220 may be obtained. Here, when the positions of the links 112 are changed from the first

posture to the second posture, the position of the object 220 should remain unchanged.

[0061] In these embodiments, the first mapping may be determined based on the
following Equation (2), which represents transformations between the world coordinate

system 250 and the vision coordinate system 254:

world _ world linkN vision
Fobject = linkny * Tvision * object (2)

[0062] In the above Equation (2), Fyy7ht indicates a point in the object 220 represented

by the world coordinate system 250, and ;’,;j‘:gg indicates the point in the object 220

represented by the vision coordinate system 254. In this embodiment, the first group of

Tworld

orientations may be used to determine Tjj,xn" associated with the first posture, and the

first image may be used to determine ;’éj‘e"c’; Therefore, the first mapping TE™N can
be determined accordingly. With these embodiments, a further way is provide for
determining the first mapping by placing the links 112 of the robot system 110 into a first
posture and a second posture. By collecting the orientations and the images associated
with the first posture and the second posture, respectively, the first mapping may be

determined in an automatic manner without any manual intervention.

[0063] In some embodiments, based on the above Equation (2), a transformation
relationship may be constructed between the first mapping, the first and second groups of
orientations and the first and second images, where the first mapping being an unknown

variable in the transformation relationship. Continuing the above example, values
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determined from the first and second groups of orientations and the first and second images
may replace corresponding variables in Equation (2) to obtain the following Equations (3)

and (4):

world _ gworld linkN vision

Fobjectl = LyinkN1 * Tvision * objectl (3)
world _ Tworld linkN vision

Fobjectz = llinkNz * Tvision * object2 (4)

[0064] Then, Equations (3) and (4) may be solved so as to determine the first mapping.

Tworld

In the above Equation (3), the value T}, y; may be determined from the first group of

orientations, and the value F,;’gj’;’g;l may be determined from the first image. Similarly,

Tworld

in the above Equation (4), the value T};,}n; may be determined from the second group of

orientations, and the value Fg’gjg’ggz may be determined from the second image. Further,

due to the face that F;“{,‘}Qlc‘,i;l and Fyp%ea, are constant, Equation (5) may be derived from

Equations (3) and (4):

worldy-1 world linkN _plinkN vision vision y-—1
(Tlinsz) * LinkN1 * Tvision"Tvision * Fobjectz * (Fobjectl) (5)

[0065] In the above Equation (5), the first mapping TN is an unknown value while all
the other values in Equation (5) are known. By solving the above Equation (5), the first

mapping T Y may be determined. With these embodiments, the first mapping may be
easily determined by solving the transformation relationship which is constructed based on
the measurements collected in the robot system in the real time. Here, the collected
measurements may correctly reflect the association between the various coordinate systems,
therefore the first mapping may be determined in an accurate and automatic manner

without manual intervention.

5. Management of Robot System based on First Mapping

[0066] The above paragraphs have described how to determine the first mapping, once the
first mapping is determined, the first mapping may be used to facilitate operations of the
robot system 110. Specifically, the first mapping may be used to convert the points in a
target object that is to be processed by the robot system 110 from the vision coordinate
system 254 into the world coordinate system 250. Alternatively, the first mapping may be
used to convert the points in command of the controller 120 for the robot system 110 from

the world coordinate system 250 into the vision coordinate system 254. Further, the
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various coordinate systems may be converted into a uniformed one and thus the robot

system 110 may be assisted to perform the desired operation.

[0067] In some embodiments, an image of a target object to be processed by the robot
system 110 may be obtained from the vision device 114. A source coordinate of the target
object may be determined from the obtained image, here the source coordinate is
represented in the vision coordinate system 254 and it may be directed measured by the
vision device 114. Further, based on the source coordinate and the first mappings, a
destination coordinate of the target object may be determined. In this example, the
destination coordinate is represented in the world coordinate system 250, and it may be
determined based on the above Equation (2). Further, the target object may be processed

based on the destination coordinate.

[0068] In one example, if the tool 210 connected to the link 112, and it is desired to drill a
hole at the center of the target object by the tool 210.  First, size and position information
about the target object may be obtained from an image taken by the vision device 114.
The information may be converted from the vision coordinate system 254 into the world
coordinate system 250 so as to assist the controller 120 to determine a movement path of
the link 114. Then, the movement path may lead the tool 210 to the center of the target
object and drill a hole there. With these embodiments, coordinates of the target object
may be easily converted between the vision coordinate system 254 and the world

coordinate system 250 during the subsequent operation of the robot system 110.

6. Example Apparatus and System

[0069] In some embodiments of the present disclosure, an apparatus 700 for managing a
robot system 110 is provided. FIG. 7 illustrates a schematic diagram of the apparatus 700
for managing a robot system 110 in accordance with embodiments of the present disclosure.
As illustrated in FIG. 7, the apparatus 700 may comprise: an orientation obtaining unit 710
configured to obtain orientations for links 112 in the robot system 110 when the links 112
are arranged in at least one posture, each of the orientations indicating a direction pointed
by one of the links 112; an image obtaining unit 720 configured to obtain, from a vision
device 114 equipped on one of the links 112, at least one image of an object 220 placed in
the robot system 110; and a determining unit 730 configured to determine, based on the

orientations and the at least one image, a first mapping between a vision coordinate system
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254 of the vision device 114 and a link coordination system 252 of the link 112.

[0070] In some embodiments, the determining unit 730 comprises: a second mapping
determining unit configured to determine, based on the orientations, a second mapping
between the link coordinate system 252 and a world coordinate system 250 of the robot
system 110; a third mapping determining unit configured to determine, based on the at least
one image, a third mapping between the vision coordinate system 254 and the world
coordinate system 250; and a first mapping determining unit configured to determine the
first mapping based on a transformation relationship between the first, second and third

mappings.

[0071] In some embodiments, the second mapping determining unit is further configured

to: determine the second mapping based on the orientations and positions of the links 112.

[0072] In some embodiments, the third determining unit comprises: a measurement
obtaining unit configured to: obtain a first measurement and a second measurement for a
first point and a second point in an image of the at least one image respectively, the first
and second points located in a first axis of the vision coordinate system 254; obtain a third
measurement of a third point in the image, the third point located in a second axis of the
vision coordinate system 254; and a mapping determining unit configured to determine the

third mapping based on the obtained first, second and third measurements.

[0073] In some embodiments, the apparatus 700 further comprises a calibrating unit
configured to calibrate the vision device 114 with a calibration board of the vision device

114 before the obtaining the at least one image.

[0074] In some embodiments, the orientation obtaining unit 710 is further configured to:
obtain a first group of orientations for the links 112 when the group of links 112 are
arranged in a first posture; and obtain a second group of orientations for the links 112 when
the group of links 112 are arranged in a second posture; and the image obtaining unit is
further configured to: obtain a first image when the links 112 are arranged in the first

posture, and obtain a second image when the links 112 are arranged in the second posture.

[0075] In some embodiments, the determining unit 730 comprises: a constructing unit
configured to construct a transformation relationship between the first mapping, the first
and second groups of orientations and the first and second images, the first mapping being
an unknown variable in the transformation relationship; and a solving unit configured to

solve the transformation relationship so as to determine the first mapping.
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[0076] In some embodiments, the image obtaining unit 720 further configured to obtain,
from the vision device 114, an image of a target object to be processed by the robot system

110.

[0077] Insome embodiments, the apparatus 700 further comprises: a source determining
unit configured to determine a source coordinate of the target object in the obtained image,
the source coordinate represented in the vision coordinate system; a destination
determining unit configured to determine a destination coordinate of the target object based
on the source coordinate and the first mappings, the destination coordinate represented in
the world coordinate system 250; and a processing unit configured to process the target

object based on the destination coordinate.

[0078] In some embodiments of the present disclosure, a system 800 for managing a robot
system is provided. FIG. 8 illustrates a schematic diagram of the system 800 for
managing a robot system 110 in accordance with embodiments of the present disclosure.
As illustrated in FIG. 8, the system 800 may comprise a computer processor 810 coupled to
a computer-readable memory unit 820, and the memory unit 820 comprises instructions
822. When executed by the computer processor 810, the instructions 822 may implement
the method for managing a robot system as described in the preceding paragraphs, and

details will be omitted hereinafter.

[0079] In some embodiments of the present disclosure, a computer readable medium for
managing a robot system is provided. The computer readable medium has instructions
stored thereon, and the instructions, when executed on at least one processor, may cause at
least one processor to perform the method for managing a robot system as described in the

preceding paragraphs, and details will be omitted hereinafter.

[0080] Generally, various embodiments of the present disclosure may be implemented in
hardware or special purpose circuits, software, logic or any combination thereof. Some
aspects may be implemented in hardware, while other aspects may be implemented in
firmware or software which may be executed by a controller, microprocessor or other
computing device. While various aspects of embodiments of the present disclosure are
illustrated and described as block diagrams, flowcharts, or using some other pictorial
representation, it will be appreciated that the blocks, apparatus, systems, techniques or
methods described herein may be implemented in, as non-limiting examples, hardware,

software, firmware, special purpose circuits or logic, general purpose hardware or
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controller or other computing devices, or some combination thereof.

[0081] The present disclosure also provides at least one computer program product
tangibly stored on a non-transitory computer readable storage medium. The computer
program product includes computer-executable instructions, such as those included in
program modules, being executed in a device on a target real or virtual processor, to carry
out the process or method as described above with reference to Fig. 3. Generally,
program modules include routines, programs, libraries, objects, classes, components, data
structures, or the like that perform particular tasks or implement particular abstract data
types. The functionality of the program modules may be combined or split between
program modules as desired in various embodiments. Machine-executable instructions
for program modules may be executed within a local or distributed device. In a
distributed device, program modules may be located in both local and remote storage

media.

[0082] Program code for carrying out methods of the present disclosure may be written in
any combination of one or more programming languages. These program codes may be
provided to a processor or controller of a general purpose computer, special purpose
computer, or other programmable data processing apparatus, such that the program codes,
when executed by the processor or controller, cause the functions/operations specified in
the flowcharts and/or block diagrams to be implemented. The program code may execute
entirely on a machine, partly on the machine, as a stand-alone software package, partly on

the machine and partly on a remote machine or entirely on the remote machine or server.

[0083] The above program code may be embodied on a machine readable medium, which
may be any tangible medium that may contain, or store a program for use by or in
connection with an instruction execution system, apparatus, or device. The machine
readable medium may be a machine readable signal medium or a machine readable storage
medium. A machine readable medium may include but not limited to an electronic,
magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus, or device,
or any suitable combination of the foregoing. More specific examples of the machine
readable storage medium would include an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only memory (EPROM or Flash memory),
an optical fiber, a portable compact disc read-only memory (CD-ROM), an optical storage

device, a magnetic storage device, or any suitable combination of the foregoing.
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[0084] Further, while operations are depicted in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel processing may be
advantageous. Likewise, while several specific implementation details are contained in
the above discussions, these should not be construed as limitations on the scope of the
present disclosure, but rather as descriptions of features that may be specific to particular
embodiments. Certain features that are described in the context of separate embodiments
may also be implemented in combination in a single embodiment. On the other hand,
various features that are described in the context of a single embodiment may also be

implemented in multiple embodiments separately or in any suitable sub-combination.

[0085] Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific features or acts described
above. Rather, the specific features and acts described above are disclosed as example

forms of implementing the claims.
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WHAT IS CLAIMED IS:

1. A method for managing a robot system, comprising:

obtaining orientations for links in the robot system when the links are arranged in at
least one posture, each of the orientations indicating a direction pointed by one of the links;

obtaining, from a vision device equipped on one of the links, at least one image of
an object placed in the robot system; and

determining, based on the orientations and the at least one image, a first mapping
between a vision coordinate system of the vision device and a link coordination system of

the link.

2. The method of claim 1, wherein determining the first mapping comprising:

determining, based on the orientations, a second mapping between the link
coordinate system and a world coordinate system of the robot system;

determining, based on the at least one image, a third mapping between the vision
coordinate system and the world coordinate system; and

determining the first mapping based on a transformation relationship between the

first, second and third mappings.

3. The method of claim 2, wherein determining the second mapping comprises:
determining the second mapping based on the orientations and positions of the

links.

4. The method of claim 2, wherein determining the third mapping comprises:

obtaining a first measurement and a second measurement for a first point and a
second point in an image of the at least one image respectively, the first and second points
located in a first axis of the vision coordinate system;

obtaining a third measurement of a third point in the image, the third point located
in a second axis of the vision coordinate system; and

determining the third mapping based on the obtained first, second and third

measurements.

5. The method of claim 1, further comprising:

calibrating the vision device with a calibration board of the vision device before the
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obtaining the at least one image.

6. The method of claim 1, wherein,
obtaining the orientations for the links comprises:
obtaining a first group of orientations for the links when the group of links are
arranged in a first posture; and
obtaining a second group of orientations for the links when the group of links
are arranged in a second posture; and
obtaining the at least one image of the object comprises:
obtaining a first image when the links are arranged in the first posture, and

obtaining a second image when the links are arranged in the second posture.

7. The method of claim 6, wherein determining the first mapping comprises:

constructing a transformation relationship between the first mapping, the first and
second groups of orientations and the first and second images, the first mapping being an
unknown variable in the transformation relationship; and

solving the transformation relationship so as to determine the first mapping.

8. The method of claim 1, further comprising:

obtaining, from the vision device, an image of a target object to be processed by the
robot system,;

determining a source coordinate of the target object in the obtained image, the
source coordinate represented in the vision coordinate system;

determining a destination coordinate of the target object based on the source
coordinate and the first mappings, the destination coordinate represented in the world
coordinate system; and

processing the target object based on the destination coordinate.

9. An apparatus for managing a robot system, comprising:

an orientation obtaining unit configured to obtain orientations for links in the robot
system when the links are arranged in at least one posture, each of the orientations
indicating a direction pointed by one of the links;

an image obtaining unit configured to obtain, from a vision device equipped on one

of the links, at least one image of an object placed in the robot system; and
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a determining unit configured to determine, based on the orientations and the at
least one image, a first mapping between a vision coordinate system of the vision device

and a link coordination system of the link.

10. The apparatus of claim 9, wherein the determining unit comprises:

a second mapping determining unit configured to determine, based on the
orientations, a second mapping between the link coordinate system and a world coordinate
system of the robot system;

a third mapping determining unit configured to determine, based on the at least one
image, a third mapping between the vision coordinate system and the world coordinate
system; and

a first mapping determining unit configured to determine the first mapping based on

a transformation relationship between the first, second and third mappings.

11. The apparatus of claim 10, wherein the second mapping determining unit is

further configured to:

determine the second mapping based on the orientations and positions of the links.

12. The apparatus of claim 10, wherein the third determining unit comprises:
a measurement obtaining unit configured to:
obtain a first measurement and a second measurement for a first point and a
second point in an image of the at least one image respectively, the first and second points
located in a first axis of the vision coordinate system,
obtain a third measurement of a third point in the image, the third point
located in a second axis of the vision coordinate system; and
a mapping determining unit configured to determine the third mapping based on the

obtained first, second and third measurements.

13. The apparatus of claim 9, further comprising:
a calibrating unit configured to calibrate the vision device with a calibration board

of the vision device before the obtaining the at least one image.

14. The apparatus of claim 1, wherein,

the orientation obtaining unit is further configured to:

22



10

15

20

25

30

WO 2020/047713 PCT/CN2018/103821

obtain a first group of orientations for the links when the group of links are
arranged in a first posture; and
obtain a second group of orientations for the links when the group of links are
arranged in a second posture; and
the image obtaining unit is further configured to:
obtain a first image when the links are arranged in the first posture, and

obtain a second image when the links are arranged in the second posture.

15. The apparatus of claim 14, wherein the determining unit comprises:

a constructing unit configured to construct a transformation relationship between
the first mapping, the first and second groups of orientations and the first and second
images, the first mapping being an unknown variable in the transformation relationship;
and

a solving unit configured to solve the transformation relationship so as to determine

the first mapping.

16. The apparatus of claim 9, wherein

the image obtaining unit further configured to obtain, from the vision device, an
image of a target object to be processed by the robot system; and

the apparatus further comprises:

a source determining unit configured to determine a source coordinate of the
target object in the obtained image, the source coordinate represented in the vision
coordinate system;

a destination determining unit configured to determine a destination
coordinate of the target object based on the source coordinate and the first mappings, the
destination coordinate represented in the world coordinate system; and

a processing unit configured to process the target object based on the

destination coordinate.

17. A system for managing a robot system, comprising: a computer processor
coupled to a computer-readable memory unit, the memory unit comprising instructions that
when executed by the computer processor implements the method according to any of

Claims 1 to 8.
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18. A computer readable medium having instructions stored thereon, the
instructions, when executed on at least one processor, cause the at least one processor to

perform the method according to any of Claims 1 to 8.
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