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CORPORATE TO CORPORATE PATENT ASSIGNMENT DocketNumber  54626-713.601

EREREENSAERAS (Beijing Indemind Technology: Co,, 14d)),.a corporation incorporated under:the laws of the People’s Republic-of China,

having:a plage:of business at-901, 8% floor, Tower B, No.6 Garden; Futongdongdajie, Chaoyang District, Beijing. China (Jt AT IK Bl R A 5658
B2 4% & B 901) (the “Assignor™), desircs to assign the. gntire right, title-and interest in and:fo: he Tuventions and Assigned Patents: (¢ach; as defined’
velow)to EFIBPEIEE (%) BRAT (ICE Cobotics (Guangdong) Company Limited) , having a place of busifiess at Lushin:Road, Linobu, -
Dongguan City, Guaiigdong, China (the “‘Assipnee’’), and Assignee desites to acquire such right, tittle’and interest; all on theterms and conditions'set forth:
inthis Patent Assignment.

NOW, THEREFORE,:in-consideration ol good and valuable consideration acknowledged. by said-Assignor to have been received:in full:from smd
Assigriee:

I, - Said Assignor has obsained the entireright, title:and ihtercst in-and to cértaliv new-and useful inveitions and fiprovements:disclosed inthe
appended threg disclosures and full or-partial translations thergof (the-“Appendix™} from wliich a PCT applicaiion titled “SYSTEMS AND METHODS
FOR ROBOTIC NAVIGATION; TEACHING AND MAPPING™ witha PCT patent application number PCT/CN2022/106182 was 1 ledon J uly 18,2022
in'the Chitese Patent Office.as Receiving Office of thie Patent Cooperation Treaty (the “Listed Patent(s)”). Ag-used heroin: “Assngned Patents” means; (a)
the Listed Pateni(s), (b} all Patents that share priority with or claim priority to or from (he Listed Patent(s), icluding ¢ach and every Patent thatisia
divisional, substitution, continwation, continuation-in-par(; non-pm\usmnnl or-national phase application of any of the Listed: Pmem(s) (c) all Patents

* applied for onan invention disclosed within'the Patents included in foregomg subelauses (a)-(b); (d) each and every. Patent granting, issuing orreissuing
from any of the foregoing under subcladses (a)-(c); () ench-and cvery reissug, reexamination, renewal ot extension of any Kind of any of the foregoing
under subclauses (a)-(d); and. (D). each and every Patent filed outside the United States and corresponding 1o any-of*the foregoing tinder subclauses: (3)-(e)-
“Paténts™ nieans ‘(i) patents, certifications ofinventions, inventor's certificates;andiother forms of protection:granted on any invention-in‘the Un ited Siales;
foreign countries, or under any international colvention, agrecment, protocol, or tredty, inclirding those filed winder the Paris Convention for the Protection
of Industrial Property, The Patent Cooperation Treaty or otherwise, and (ii) applications therefor (whether:provisional, converted provisional, utility, design,
plant; wiility model, non-provisional or othierwise).

2. Said Assignor does hereby sell, ‘assign, transfer and convey unlo soid Assignee the: entire-right, title and interest (a) inand:to the  Assigned:
Patents, including the:right to-claim priority to and from said Assigned Patents; (b) iii-and to the inventions disclosed in the Assigned Patents,’and in‘and to
allembodiments of the inventions (the “Inventions™) and (c) in and 10-all claims for-past, presentand future:infringement of the Assigned Patents, ineluding
albriglits 16 sug for'and to receive and recover for Assignes’s:own use ail past, présent, and futore lost profits, royalties, and damages of whatever nature:
recoverable from an infringement of tlic Assigned Patenis,

3. Said Assignor hereby: covenants and agrees to cooperate with said Assignee to enable said Assignee to-enjoy to-the fullest-extent:the right, title
and interest licrein conveyed in the United States, foreigi countries; or undér any intemational convention, agrsentent, protocol, or treaty. Stch cooperation:
by said Assignor shall include prompt production of pertinent facts and documents; giving of testimony, exceution -of petitions, oaths, speciticattons,
declarations-or other papers, and ether assistance all to the extent decmed necessary or desirable by said Assignee (a) for perfecting in said ‘Assignee the
right, tille-and fnterest herein convéyed; (b) for filing, prosecuting of maiitaining any of the Assigned Patents; (c) for filing, prosecuting: or maintaining:
applications. for reissumnce of any said Assigned Patents; {d) for interference or other priority proceedings involving said -Assigned Pateiits: or Inventions;
and (e) for legal proceedings involving:said Diventions-or Assigned Patents; including without limitation reissues-and reexaminations, IPRs, opposition-and
other post-grant proceedings, cancellation proceedings, priority contests, public:use proccedings, infringement actions and court actions; provided, however,.
that reasonable expenses incurred by said Assignor in providing such cooperation shall be paid for by said Assignee,

4. Theterms and.covenants.of this-assignment shall inure to the benefit of said Assignee, its successors, and assigns, and shatl be binding upon said
Assignor and its assigns;

5. Said Assignor hércby warrants, represents and covenants that Assignor-has not -entered and will ‘not enter into any assignment, contract, or
understanding in conflict herewith,

6.  Snid Assignor hereby requests that.any Assigned Patents issuing or.granting in:the’ United ‘States, foreign countries, or under any international
convention, agreement; protocol, or treaty, be issued or granted in thename of the Assignee, or its successors and assigns, for the sole use of said Assignee,
its:successors-and assigns.

7. This instrisment will be‘interpreted and construed in accordance with the laws of the People’s Republic-of China, without regard (o conflict.of law:
principles. If any provision-of this instrument;is found to be-itlegal or unenforceable, the otlier provisions shall remain effective and: enforceable to the
greatest-oxtent permitted by Iaw. “This instrument may be excouted in counterparts; each of which is deemed an original, but all of which togetherconstitute
one-anddhe same-agrecment,
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CORFPORATE TO CORFORATE PATENT ASSIGNMENT Docket Number  54626-713.601

., AR ARRET . . s . . .
'“fé;uzled’,aud.‘(_lch\'ercd this instrument to said Assignee as of the date written below;

,

IN WITNESS WHEREOQF, said Assigny

AGREED TO BY ASSIGNOR:

ous 2922.9.20

RECEIVED AND AGREED TO BY ASSIGV

Date; g Om br & 022 Signature: /
Name: §%753B (Chen, Simon Nift Pong)
Title: Legal Representative
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Coverage planning method for cleaning robots

Problems:in prior arts

In prior atts, the user can define one-or more boundaries of the area to be cleaned on a map via.a human-
computer interaction interface. The cleaning robot performs an autonomous path planning in the area
constrained by the boundary, and completes the cleaning task according to the planned path. However, the
robot may fail to distinguish the area to be:cleaned and complex obstacle boundary due to limited
detection capability of sensors.
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Embodimént

The invention combines:(i) manual teaching-and (ii) manual boundary delineation to determine the area to
be cleaned. Then, the robot traverses the determined area by either spiral mode or zigzag mode ora

The method of the invention-comprise the following steps (1)-(5).
| (1) Manually teaching a trajectory

The user manually. pushes the robot to traverse a target area and teaches a trajectory. The:sensers onboard
the robot (infrared sensor, ultrasonic sensor, collision sensor, odometer, visual sensor (camera), laser
Radar; TOF, etc) senses the envitonment duting the teaching. The sensor data is projected to-a 2D:grid
map. Fig. 1 shows 4 grid map obtained after manual teaching. The giid map includes obstacle areas (areas
that robots eannot pass through) and transitable areas (areas that-robots can pass through). Each grid in the
grid map is assigned with a value (e.g:, 0-255), which value indicates the probability-that the grid is
oceupied. For example, the-grid value in the obstacle area can be set as 254, and the grid value in the
transitable:area can be marked as 0.

Fig. |

Fig. 2 shows the taught trajectory, which avoids the complex obstacle area. A table list1 is established.
* Duriiig the manual teaching process, coordinates of each grid on the taught trajectory is recorded in the

table in the traversal order, and then the table is bound to the grid map.

_— ™\

Fig. 2

(2) Obtaining the maximum coverage area
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The taught trajectory is expanded based on the grid map:and theitable list1, For-example, each pathis
expanded by-a predetermined number of grids to-obtain the-area to be cleaned, as shown in Fig. 3. As can
be seen from Fig, 3, the expanded area completely covers the taught trajectory but excludes the complex
obstacle area. Therefore the obtained area is the maximum coverage area that the:robot can-clean, The
data of the maximum:coverage area is imported into a newly créated map1, in-which the grid values ate 0.

Fig. 3

(3) Manually delineating the boundary of area to be cleaned

The-user manually pushes the robot to specify/delineate a cleaning boundary in the target-area. The
delaminated boundary points are recorded.

As shown in Fig. 4, the dotted line is the boundary of area to be cleaned. The coordinates:of the boundary
point are recorded in-a table list2. The boundary and the area enclosed by the boundary are imported into a
newly created map2. The grid value of the imported data in map2 is set to 1.

K%

a"'~

\.,.__’

Fig. 4
(4) Obtaining the area to be cleaned
A new map3 is.created. The map! obtained in step (2) (maximum coverage area, in which the grid value
is 0) and the map2 obtained in step(3) (area enclosed by the boundary, in which the grid value is 1)-are

imported into map3. As a result, the area in map3 where the grid value being 1 is the area to be cleaned, as
shown by shaded area in Fig, 5.
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(5) Planning a path and performing a cleaning task

For the area to be cleaned having a grid value 1, a general path can be planned if the area has a simple
contour. The general path can be either a spiral path or'a zigzag path, as shown in Fig. 6

-

Fig. 6 spiral path

zigzag path

If the ared to be clean has a complex contour, it is necessary to-convert the complex contour into a simple
contour by pattitioning the area into sub-areas and sorting the sub-areas for a more efficient cleaning. In
each sub-atea, either a spiral path, a zigzag path or a combination thereof can be used. For various sub-

areas, a fleet of robots can be used.

Further-embodiment

In a further embodiment, the user can manually push the robot to-specify/delineate two or more:cleaning
boundaries in the target area. As shown by the dotted line in Fig. 7, a boundary a and a boundary b are
delineated by manually pushing the robot. The coordinates of the boundary a are recorded in a table list_a.

= N\
- -t
~ ' v
" - N“I
3
[N v
) S
—
v
’
. P
L g
»
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Fig. 7

In step (3), the coordinates of the boundary b ate recorded in a table list_b. The boundaries and the areas
enclosed by the boundaries are imported into-a newly created map_a. The grid value of the imported data
inmap_a is set to L. In step (4), a new map4-is created. The map!1 obtained in step (2) (maximum
coverage area, in which the grid value is 0) and the map._a obtained in step(3) (areas enclosed by the
boundaries, in which the grid value is 1) are imported into-mapd. As a result, the area in map4 where the
grid value being [ is the final area to be cleaned, as'shown by shaded area in Fig, 8.

Fig. 8

The existing “boustrophedon cellular decomposition algorithm” can be used to automatically partition the
final area to be cleaned. As shown in Fig. 9, the complex area is divided into multiple partitions with
simple contours.

Fig.9

Key Features
The invention combines (i) a manual teaching and (ii) manual boundary delineation to determine the real

area to be cleaned. Then, the robot traverses the determined area by either spiral mode or zigzag mode or a
combination thereof,
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IMU (Inertial Measurement Unit)
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System-of Increasing a ToF Sensor Accuracy
1, Background

In prior-arts, ToF sensor is used to detect a low attitude obstacle in obstacle recognition and avoidance.
However, an accuracy in ToF recognition is low due to a low installation accuracy. of ToF on robat.

2. Improvement in Hardware

In-the invention, a ToF sensor-and a IMU sensor are coupled with rigid connection. A self-calibration is
regularly performed to compensate for a loss error, The IMU can sense and detect the motion and
vibration characteristics of the ToF.

ya@ Ghm

IMU (Inertial Measurement Unit)

¥
MU
Coordinate
System

Rigld Connection / / -
N ,
TOF Coordinate
Syslem .
%

{MU s cotipled to ToF via Rigid Connection
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3. Improvement in Algorithm

(1):Onee the IMU is coupled to-the ToF module, the IMU can implement.a-dynamic detection of the TOF
in 3D space. A frequency of detection can be-up to 500Hz (IMU frequency: 1000Hz), that is, a dynamic
detection of the robot body can be realized. Meanwhile, a real-time attitude can be detected by IMU,

~ (2) Based on'the dynamic information from the IMU, the TOF information is compensated in a distance
domain anda frequency domain. The distance domain refets to the dynamic amplitude. The fiequency
domaini refets to the noise caused by the TOF transmission Doppler effect due to'the vibration of the
vehicle body.

(3) IMU contains-a 3-axis accelerometer and a 3-axis gyroscope, IMU attitude information detection
refers to dynamically detecting the attitude of ToF by-an algorithm to achieve a TOF information
projection with highei daccuracy.,

4. Test Results

If a tolerance of the angle between the 3D ToF and the ground, the roll angle of ToF, the yaw angle of
ToF, the roll angle of binocular camera and the yaw angle of binocular camera being controlled within +£1°,
our test shows that the ToF + IMU scheme meets the overall detection accuracy over 3 yeats is 6%6%6 cm
with detection rate >99%, and 4%4*4 em with detection rate >80%.
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Adaptive Method for Recognizing Visual Marker Board
1. Problems in priox arts
In initializing a cleaning robot, the starting position of the robot is needed, The position information is
usually obtained by a recognizing a visual marker board (also called “marker”). A marker is a unique
identification number and can be used to determine the relative pose (position and attitude-angle) between
the robot and the'marker. Markers include ArUco, Charuco, ARtag, CALTAG, CALTAG, Apriltag, etc,

In prior-arts, a single camera (monocular) is used to solve the pose of the robot, However, an accuragy in
monocular solution is low. And the monocular may not be able to detect the marker in a dark or bright

enviromnent.
2. Embodiment-of Invention

(2.1) Hardware configuration

In order to improve the recognition of the camera, a binocular.camera module is used in the invention as
shown-in the figure below. The binocular camera module includes two monocular cameras, a fill light, and

a light sensor.

Binocular Camera Module

Monocular| | Light - |IRFill | | Monocular
Camera 1 Sensor Light ‘Camera2

The two menocular cameras are separated laterally to form a binocular camera, which is used to detect _
and identify the marker board. The IR fill light is activated in a low illumination or dark environment. The
light sensor is used to detect the environmental illuminance. For example, if the sensor data from the light

sensor indicates a dark environment, then the fill light can be turned on.

(2.2) Marker detection and identification strategy

The binocular camera is used to detect the. marker plate. If the:marker plate is not detected or only one
camera detects the marker plate, then the light sensor can be activated to detect the environmental

illuminance (e.g., under-exposure or over-exposure).
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If it is determined as over-exposure; then an exposure time/gain:of the camera can be adjusted, The

binocular-camera is used to detect the marker plate with the adjusted exposure time/gain,

If it is detetmined as under-exposure, then the fill light is-activated. The fill light.can provide a
illuminance range [0, 100]. In an example; the binocular camera can-attempt to detect the marker plate
with the fill light providing a lowest illuminance. If the binocular cameia fails to recognize the marker
plate (e.g:; both monocular cameras recognize the marker plate), then the illuminance of the fill light'can

beincreased.

‘Once both monocular cameras recognize the marker plate, it is necessaty to determine whether the

accuracy of the robot pose calculation meets the requirements (vefer to Section 3 below),

3. Determine whether the accuracy of the robot pose calculation meets requirements

In prior art, PNP' (Perspective-n-Point) algorithm is used in the pose caleulation between the camera and
the marker board to-solve the perspective projection from 3D (three-dimensional) to 2D (two-
dimensional), Howevet, PNP algorithm does not work well when the cameia is far-away from the marker
board. Tosolve this problem, IPPE (Infinitesimal Plane-based Pose Estimation) algorithm, which is more
robust, is.used in the invention

--- details of using IPPE algorithm to solve the pose of binocular camera module with respect to the
‘marker board,

4. Key features of the invention

Use of binocular camera module to solve the pose of binocular camera moduile with respect to the marker
board.
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