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A method and system for navigating a robot in a designated environment

FIELD

The invention relates to a method and system for navigating a robot in a designated

environment.

BACKGROUND

For navigation in an environment, a robot normally relies on precise measurement
everywhere to perform the navigation because of the nature of measuring instruments.
Metric map-based robot navigation needs pre-mapping of the environment to build a
detailed prior map. This is not trivial, especially when the environment changes
frequently. Sometimes it is difficult to obtain a globally consistent map with the
increasing scales of the space. It may also require large storage space and heavy
computation power to apply such a map. If the measurement fails due to the big local
environment change, accumulated errors from measurement are big enough, or in an
extreme case there is no way to measure the environment from a certain sensor, the

robot would have troubles in navigation.

It is an object of the present invention to address problems of the prior art and/or to

provide the public with a useful choice.

SUMMARY

According to a first aspect of the present invention, there is provided a method of
navigating a robot in a designated environment, the method comprises: selectively
identifying reference features from a scale plan of the designated environment;
generating a topometric map of the designated environment, the topometric map being
associated with the identified reference features; generating an initial navigation path
of a local region from the topometric map; as the robot navigates along the initial
navigation path of the local region, detecting on-site reference features of the local

region that correspond to the identified reference features of the scale plan; and
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updating the topometric map based on the correspondence to generate a regional

path plan to guide the robot’s direction in the local region.

By starting the navigation based on the scale plan, efficiency in deployment and
navigation of the robot in the designated environment may be improved. By bridging
the high-level topological map based path planning and low-level local map of on-site
detection of the real environment, the regional path plan may lower the requirement of
precise localization on the global topometric map and hence lower the requirement on
computational resource. Further, due to the correspondence in the scale plan and the
actual environment, accumulated errors may be reduced or eliminated before reaching

a remarkable level.

It is envisaged that, the topometric map may comprise a plurality of local regions, and
in an embodiment, the initial navigation path is generated for each of the plurality of

local regions.

In an embodiment, the reference features may comprise a plurality of free spaces
identified from the scale plan that are potentially available for the robot to traverse in
the designated environment. Preferably, generating the topometric map of the
designated environment may comprise generating a topological map by using the
plurality of identified free spaces to find a path between any neighbouring two of the
plurality of local regions. More preferably, generating the topometric map may further
comprise generating a potential navigation path by associating the topological map to
the identified reference features. By identifying free spaces from the scale plan, the
topological map may be generated based on the identified free space at a lower
computational cost, and be reliable in providing a potential navigation path to initiate

the navigation without precise localization information.

In an embodiment, at the path between neighbouring two regions of the plurality of
local regions, navigating the robot may be based on the generated topological map or
the generated potential navigation path. As the path provides a direction guide, the
robot may not require detecting on-site reference feature at the path, the requirement

of precise localization everywhere may therefore be avoided.
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In an embodiment, the method may further comprise detecting on-site reference
features of each of the plurality of local regions that correspond to the identified
reference features of the scale plan as the robot navigates along the initial navigation
path of the corresponding local region. Preferably, the method may further comprise
updating the topometric map for each of the plurality of local regions. By updating the
topometric map for each local region while the robot is traversing, the topometric map
may be enriched with metric information gradually. The metric information for the
plurality of local regions may be used to correct the pose of the robot. When the robot
is traversing in the environment, it would travel from one local region to another so that
the pose of the robot may be corrected periodically which may assist in reducing the

strict requirement of the precise positioning.

It is envisaged that the designated environment may be an indoor environment of a

building and the scale plan may be a floor plan of the building.

In an embodiment, the reference features may comprise a plurality of junctions
identified from the floor plan, and the method may further comprise segmenting the
floor plan into a plurality of regions based on the plurality of identified junctions. The
structure of the junctions may be used to determine the robot’s relative position to its
local coordinate system, segmenting the floor plan based on junctions serving as key

locations, may help to reduce potential drift of pose of the robot.

In an embodiment, the reference features may further comprise categories of the
plurality of segmented regions, and the method may further comprise determining the
categories of the plurality of segmented regions by identifying a plurality of structures
of the building from the floor plan. By determining categories of the plurality of
segmented regions (such as workspace, room, corridor and junction), it may provide
a useful source of semantic information, which may be used to provide guidance in

the navigation.

In an embodiment, the reference features may comprise locations and directions of a
plurality of doors identified from the floor plan. By identifying locations and directions

of doors, it may provide reliable guidance for navigating the robot.
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According to a second aspect of the present invention, there is provided a system for
navigating a robot in a designated environment, the system comprises a sensor
module configured to detect on-site reference features, and a processor; the processor
is configured to: selectively identify reference features from a scale plan of the
designated environment; generate a topometric map of the designated environment,
the topometric map being associated with the identified reference features; generate
an initial navigation path of a local region from the topometric map; receive on-site
reference features of the local region that correspond to the identified reference
features of the scale plan from the sensor module as the robot navigates along the
initial navigation path of the local region; and update the topometric map based on the
correspondence to generate a regional path plan to guide the robot’s direction in the

local region.

The method used by the system may initiate navigating the robot based on the scale
plan, and when the robot is traversing, the sensor module may detect on-site reference
features as and when required and/or necessary to assist in navigating the robot, this
may help to improve efficiency in deployment of the robot in the designated
environment and still meet the accuracy of navigating the robot. Specifically, by
bridging the high-level topological map based path planning and low-level local map
of on-site detection of the real environment, the regional path plan may lower the
requirement of precise localization on the global topometric map and hence lower the
requirement on computational resource. Further, due to the correspondence in the
scale plan and the actual environment, accumulated errors may be reduced or

eliminated before reaching a remarkable level.

It is envisaged that the topometric map may comprise a plurality of local regions, and
in an embodiment, the processor may be configured to generate the initial navigation

path of each of the plurality of local regions.

In an embodiment, the reference features may comprise a plurality of free spaces
identified from the scale plan that are potentially available for the robot to traverse in
the designated environment. Preferably, the processor may be further configured to

generate a topological map by using the plurality of identified free spaces to find a path
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between any neighbouring two of the plurality of local regions in order to generate the
topometric map of the designated environment. More preferably, the processor may
be further configured to generate a potential navigation path by associating the
topological map to the identified reference features in order to generate the topometric
map of the designated environment. By identifying free spaces from the scale plan,
the system may generate the topological map based on the identified free space at a
lower computational cost, and in the meantime ensure reliability of the topological map
in providing a potential navigation path to initiate the navigation without precise

localization information.

In an embodiment, at the path between the neighbouring two regions of the plurality
of local regions, the processor may be further configured to navigate the robot based
on the generated topological map or the generated potential navigation path. By
navigating the robot based on the path which originates from the scale plan, the
system may navigate the robot without detecting on-site reference feature at the path
so that requirement to the system is reduced, particularly precise localization may not

be required everywhere.

In an embodiment, the sensor module may be configured to detect on-site reference
features of each of the plurality of local regions that correspond to the identified
reference features of the scale plan as the robot navigates along the initial navigation
path of the corresponding local region. Preferably, the processor may be configured
to update the topometric map for each of the plurality of local regions. By updating the
topometric map for each local region, the topometric map generated and updated by
the system may become richer and richer in metric information while the robot is
navigating. The metric information may be used to correct pose of the robot when the
robot reaches a local region where the metric information is available. Therefore, from
one local region to another, the pose of the robot may be corrected periodically, which

reduces the strict requirement of the precise positioning.

It is envisaged that the designated environment may be an indoor environment of a

building and the scale plan may be a floor plan of the building.



10

15

20

25

30

WO 2023/191715 PCT/SG2023/050197

In an embodiment, the reference features may comprise a plurality of junctions
identified from the floor plan, and the processor is further configured to segment the
floor plan into a plurality of regions based on the plurality of identified junctions. The
structure of the junctions may be used to determine the robot’s relative position to its
local coordinate system, by segmenting the floor plan based on junctions serving as

key locations, the system may reduce potential drift of pose of the robot effectively.

In an embodiment, the reference features may further comprise categories of the
plurality of segmented regions, and the processor is further configured to identify a
plurality of structures of the building from the floor plan to determine the categories of
the plurality of segmented regions. The categories of the plurality of segmented
regions (such as workspace, room, corridor and junction) may be a source of useful
semantic information, which the system may rely on in providing guidance in

navigating the robot.

In an embodiment, the reference features may comprise locations and directions of a
plurality of doors identified from the floor plan. These contribute relatively reliable

orientation guided landmarks for the system to rely on in navigating the robot.

According to a third aspect of the present invention, there is provided a robot. The
robot comprises a system, and a controller configured to control an operation of the
robot in a designated environment based on a direction provided by the system; the
system comprises a sensor module configured to detect on-site reference features,
and a processor; the processor is configured to: selectively identify reference features
from a scale plan of the designated environment; generate a topometric map of the
designated environment, the topometric map being associated with the identified
reference features; generate an initial navigation path of a local region from the
topometric map; receive on-site reference features of the local region that correspond
to the identified reference features of the scale plan from the sensor module as the
robot navigates along the initial navigation path of the local region; and update the
topometric map based on the correspondence to generate a regional path plan to

guide the robot’s direction in the local region.
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According to a fourth aspect of the present invention, there is provided a non-transitory
computer-readable storage medium for storing a computer program, when executed
by a processor, performs a method of navigating a robot in a designated environment,
the method comprises: selectively identifying reference features from a scale plan of
the designated environment; generating a topometric map of the designated
environment, the topometric map being associated with the identified reference
features; generating an initial navigation path of a local region from the topometric map;
as the robot navigates along the initial navigation path of the local region, detecting
on-site reference features of the local region that correspond to the identified reference
features of the scale plan; and updating the topometric map based on the
correspondence to generate a regional path plan to guide the robot’s direction in the

local region.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, an embodiment of the present invention including the figures will be
described as non-limiting examples with reference to the accompanying drawings in

which:

Fig. 1 is a simplified functional block diagram of a robot according to an embodiment

of the present invention comprising a navigation system;

Fig. 2 illustrates a block diagram of the navigation system of Fig. 1;

Fig. 3 illustrates a navigation method performed by the navigation system of Fig. 1;

Fig. 4 illustrates a floor plan for use in the method of Fig. 3;

Fig. 5 illustrates a flow chart of floor plan analysis for the method of Fig. 3;

Fig. 6 illustrates an example of junctions identified by the floor plan analysis of Fig. 5;

Fig. 7 illustrates an example of a potential navigation path identified by the floor plan

analysis of Fig. 5;
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Fig. 8 illustrates a topometric map generated by the method of Fig. 3;

Fig. 9 illustrates a flow chart of regional path planning based on the topometric map
of Fig. 8;

Fig. 10 illustrates a flow chart of an application of the method of Fig. 3.

DETAILED DESCRIPTION

According to an embodiment of the present invention, a method of navigating a robot
in a designated environment and a system for performing the method are provided.
As will be described in detail below, the system navigates the robot starting from a
scale plan. Reference features are obtained from the scale plan for generating a
topometric map to provide an initial navigation path of a local region based on which
the robot may start navigating. Once the robot enters the local region, on-site
reference features of the local region are detected, which are then used to update the
topometric map to generate a regional path plan to guide the robot’s direction in the

local region.

Fig. 1 depicts a simplified functional block diagram of the robot 100 according to the
described embodiment. The robot 100 includes a sensor module 102 comprising at
least a sensor for detecting information of an environment where the robot 100 locates,
a navigation system 104 configured to provide information for navigating the robot 100,
and a controller 106 configured to control an operation of the robot 100 taking into

account of the information provided by the navigation system 104.

The controller 106 may comprise computing devices and a plurality of sub-systems
(not shown) for controlling specific aspects of movement of the robot 100 including but
not limited to a deceleration system, an acceleration system and a steering system.
Certain of these sub-systems may comprise one or more actuators, for example the
deceleration system may comprise brakes, the acceleration system may comprise an
accelerator pedal, and the steering system may comprise a steering wheel or other

actuator to control the angle of turn of wheels of the robot 100, etc.

8
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Fig. 2 illustrates the block diagram of the navigation system 104. The navigation
system 104 includes a processor 108 (which may be referred to as a central processor
unit or CPU) that is in communication with memory devices including a secondary
storage 110, a read only memory (ROM) 112, a random access memory (RAM) 114,
an input/output (I/0O) devices 116, a network connectivity devices 118 and a graphics
processing unit (GPU) 120, for example a mini GPU. The processor 108 and/or GPU
120 may be implemented as one or more CPU chips. The GPU 120 may be embedded

alongside the processor 108 or it may be a discrete unit, as shown in Fig. 2.

It is understood that by programming and/or loading executable instructions onto the
navigation system 104, at least one of the CPU 108, the RAM 114, the ROM 112 and
the GPU 120 are changed, transforming the navigation system 104 in part into a
particular machine or apparatus having the novel functionality taught by the present
disclosure. It is fundamental to the electrical engineering and software engineering
arts that functionality that can be implemented by loading executable software into a
computer can be converted to a hardware implementation by well-known design rules.
Decisions between implementing a concept in software versus hardware typically
hinge on considerations of stability of the design and numbers of units to be produced
rather than any issues involved in translating from the software domain to the
hardware domain. Generally, a design that is still subject to frequent change may be
preferred to be implemented in software, because re-spinning a hardware
implementation is more expensive than re-spinning a software design. Generally, a
design that is stable that will be produced in large volume may be preferred to be
implemented in hardware, for example in an application specific integrated circuit
(ASIC), because for large production runs the hardware implementation may be less
expensive than the software implementation. Often a design may be developed and
tested in a software form and later transformed, by well-known design rules, to an
equivalent hardware implementation in an application specific integrated circuit that
hardwires the instructions of the software. In the same manner as a machine
controlled by a new ASIC is a particular machine or apparatus, likewise a computer
that has been programmed and/or loaded with executable instructions may be viewed

as a particular machine or apparatus.
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Additionally, after the navigation system 104 is turned on or booted, the CPU 108
and/or GPU 120 may execute a computer program or application. For example, the
CPU 108 and/ or GPU 120 may execute software or firmware stored in the ROM 112
or stored in the RAM 114. In some cases, on boot and/or when the application is
initiated, the CPU 108 and/or GPU 120 may copy the application or portions of the
application from the secondary storage 110 to the RAM 114 or to memory space within
the CPU 108 and/or GPU 120 itself, and the CPU 108 and/or GPU 120 may then
execute instructions that the application is comprised of. In some cases, the CPU 108
and/or GPU 120 may copy the application or portions of the application from memory
accessed via the network connectivity devices 118 or via the I/O devices 116 to the
RAM 114 or to memory space within the CPU 108 and/or GPU 120, and the CPU 108
and/or GPU 120 may then execute instructions that the application is comprised of.
During execution, an application may load instructions into the CPU 108 and/or GPU
120, for example load some of the instructions of the application into a cache of the
CPU 108 and/or GPU 120. In some contexts, an application that is executed may be
said to configure the CPU 108 and/or GPU 120 to do something, e.g., to configure the
CPU 108 and/or GPU 120 to perform the navigation according to the described
embodiment. When the CPU 108 and/or GPU 120 is configured in this way by the
application, the CPU 108 and/or GPU 120 becomes a specific purpose computer or a

specific purpose machine.

The secondary storage 110 may comprise one or more disk drives or tape drives and
is used for non-volatile storage of data and as an over-flow data storage device if the
RAM 114 is not large enough to hold all working data. The secondary storage 110 may
be used to store programs which are loaded into the RAM 114 when such programs
are selected for execution. The ROM 112 is used to store instructions and perhaps
data which are read during program execution. The ROM 112 is a non-volatile
memory device which typically has a small memory capacity relative to the larger
memory capacity of the secondary storage 110. The RAM 114 is used to store volatile
data and perhaps to store instructions. Access to both the ROM 112 and the RAM
114 is typically faster than to the secondary storage 110. The secondary storage 110,
the RAM 114, and/or the ROM 112 may be referred to in some contexts as computer

readable storage media and/or non-transitory computer readable media.

10
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The I/0 devices 116 may include a wireless or wired connection to the sensor module
102 for receiving data from the sensor module 102 and/or a wireless or wired
connection to the controller 106 for transmitting information, such as a path plan, so
that the controller 106 may control operation of the robot 100 accordingly. The /O
devices 116 may alternatively or additionally include electronic displays such as video
monitors, liquid crystal displays (LCDs), plasma displays, touch screen displays, or

other well-known output devices.

The network connectivity devices 118 may enable a wireless connection to facilitate
communication with other computing devices such as components of the robot 100,
for example the sensor module 102 and/or controller 106 or with other computing
devices not part of the robot 100. The network connectivity devices 118 may take the
form of modems, modem banks, Ethernet cards, universal serial bus (USB) interface
cards, serial interfaces, token ring cards, fibre distributed data interface (FDDI) cards,
wireless local area network (WLAN) cards, radio transceiver cards that promote radio
communications using protocols such as code division multiple access (CDMA), global
system for mobile communications (GSM), long-term evolution (LTE), worldwide
interoperability for microwave access (WIMAX), near field communications (NFC),
radio frequency identity (RFID), and/or other air interface protocol radio transceiver
cards, and other well-known network devices. The network connectivity devices 118
may enable the processor 108 and/or GPU 120 to communicate with the Internet or
one or more intranets. With such a network connection, it is contemplated that the
processor 108 and/or GPU 120 might receive information from the network, or might
output information to the network in the course of performing a navigation method
according to the described embodiment. Such information, which is often represented
as a sequence of instructions to be executed using the processor 108 and/or GPU
120, may be received from and outputted to the network, for example, in the form of a

computer data signal embodied in a carrier wave.

Such information, which may include data or instructions to be executed using the
processor 108 and/or GPU 120 for example, may be received from and outputted to
the network, for example, in the form of a computer data baseband signal or signal
embodied in a carrier wave. The baseband signal or signal embedded in the carrier

wave, or other types of signals currently used or hereafter developed, may be

11
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generated according to several methods well-known to one skilled in the art. The
baseband signal and/or signal embedded in the carrier wave may be referred to in

some contexts as a transitory signal.

The processor 108 and/or GPU 120 executes instructions, codes, computer programs,
scripts which it accesses from hard disk, floppy disk, optical disk (these various disk-
based systems may all be considered the secondary storage 110), flash drive, the
ROM 112, the RAM 114, or the network connectivity devices 118. While only one
processor 108 and GPU 120 are shown, multiple processors may be present. Thus,
while instructions may be discussed as executed by one processor 108, the
instructions may be executed simultaneously, serially, or otherwise executed by one
or multiple processors. Instructions, codes, computer programs, scripts, and/or data
that may be accessed from the secondary storage 110, for example, hard drives,
floppy disks, optical disks, and/or other device, the ROM 112, and/or the RAM 114
may be referred to in some contexts as non-transitory instructions and/or non-

transitory information.

In an embodiment, the navigation system 104 may comprise two or more computers
in communication with each other that collaborate to perform a task. For example, but
not by way of limitation, an application may be partitioned in such a way as to permit
concurrent and/or parallel processing of the instructions of the application.
Alternatively, the data processed by the application may be partitioned in such a way
as to permit concurrent and/or parallel processing of different portions of a data set by
the two or more computers. In an embodiment, virtualization software may be
employed by the navigation system 104 to provide the functionality of a number of
servers that is not directly bound to the number of computers in the navigation system
104. For example, virtualization software may provide twenty virtual servers on four
physical computers. In an embodiment, the functionality according to the described
embodiment may be provided by executing the application and/or applications in a
cloud computing environment. Cloud computing may comprise providing computing
services via a network connection using dynamically scalable computing resources.
Cloud computing may be supported, at least in part, by virtualization software. A cloud
computing environment may be established by an enterprise and/or may be hired on

an as-needed basis from a third-party provider. Some cloud computing environments

12
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may comprise cloud computing resources owned and operated by the enterprise as

well as cloud computing resources hired and/or leased from a third-party provider.

In an embodiment, some or all of the functionality of the described embodiment may
be provided as a computer program product. The computer program product may
comprise one or more computer readable storage medium having computer usable
program code embodied therein to implement the functionality according to the
described embodiment. The computer program product may comprise data structures,
executable instructions, and other computer usable program code. The computer
program product may be embodied in removable computer storage media and/or non-
removable computer storage media. The removable computer readable storage
medium may comprise, without limitation, a paper tape, a magnetic tape, magnetic
disk, an optical disk, a solid-state memory chip, for example analogue magnetic tape,
compact disk read only memory (CD-ROM) disks, floppy disks, jump drives, digital
cards, multimedia cards, and others. The computer program product may be suitable
for loading, by the navigation system 104, at least portions of the contents of the
computer program product to the secondary storage 110, to the ROM 112, to the RAM
114, and/or to other non-volatile memory and volatile memory of the navigation system
104. The processor 108 and/or GPU 120 may process the executable instructions
and/or data structures in part by directly accessing the computer program product, for
example by reading from a CD-ROM disk inserted into a disk drive peripheral of the
navigation system 104. Alternatively, the processor 108 and/or GPU 120 may process
the executable instructions and/or data structures by remotely accessing the computer
program product, for example by downloading the executable instructions and/or data
structures from a remote server through the network connectivity devices 118. The
computer program product may comprise instructions that promote the loading and/or
copying of data, data structures, files, and/or executable instructions to the secondary
storage 110, to the ROM 112, to the RAM 114, and/or to other non-volatile memory

and volatile memory of the navigation system 104.

In some contexts, the secondary storage 110, the ROM 112, and the RAM 114 may
be referred to as a non-transitory computer readable medium or a computer readable
storage media. A dynamic RAM embodiment of the RAM 114, likewise, may be

referred to as a non-transitory computer readable medium in that while the dynamic

13
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RAM receives electrical power and is operated in accordance with its design, for
example during a period of time during which the navigation system 104 is turned on
and operational, the dynamic RAM stores information that is written to it. Similarly, the
processor 108 and/or GPU 120 may comprise an internal RAM, an internal ROM, a
cache memory, and/or other internal non-transitory storage blocks, sections, or
components that may be referred to in some contexts as non-transitory computer

readable media or computer readable storage media.

For navigating the robot 100 in a designated environment, the navigation system 104
is configured to perform a method of navigating the robot 100 in the designated
environment based on a scale plan of the designated environment. A scale plan of a
designated or confined environment refers to a pre-existing map, plan or drawing
drawn to scale and shows a layout of the designated environment. The layout is
usually illustrated in plan view (i.e. view from the above) and includes at least certain
information (e.g. fixed or immovable elements) of the environment, such as features
of structures in an indoor environment, features of fixed regions/areas in an outdoor
environment. For an indoor environment, a floor plan 132 (see Fig. 4) is a type of scale
plan which illustrates the layout of a building, and the layout may include different
layers to represent respective floors of the building. The floor plan 132 may include
structural information of the floor (e.g. locations of permanent structures such as walls,
windows, doors and stairs, and semi-permanent structures such as fixtures). For an
outdoor environment, an area plan and a site plan are two types of scale plan, which
may illustrate the boundaries and functions of certain areas in the outdoor environment.
For example, Google map or OpenStreetMap are typical outdoor scale maps. For any
target area or environment, regional outdoor scale plans may be extracted from such
outdoor scale maps, such as, residential areas, school campus etc. Although a scale
plan may not necessarily include precise measurement everywhere in an environment,
and there may be discrepancies between scale plans and real environment, scale

plans may be used as a top level guide for navigation in a designated environment.

Fig. 3 illustrates an exemplary method of navigating the robot 100 in the designated
or confined environment and in this embodiment, the designated environment is a
building (as an example of an indoor environment). The method based on the floor

plan 132 of the building may be executed by the processor 108 and/or GPU 120 of the
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navigation system 104. The method may be performed in real time when the robot 100
is in motion to support navigation and control of the robot 100, comprising steps 122
to 130.

At step 122, the navigation system 104 selectively identifies reference features from
the floor plan 132 of the building. Fig. 4 shows the flow plan 132 which explicitly
illustrates or implies certain information (such as locations, shapes, area and functions)
of a plurality of objects of the building, which may be extracted as reference features
for subsequent use. Some typical reference features of the floor plan 132 as can be
seen on Fig. 4 comprise location, shape and area of a plurality of rooms 134, location,
area and direction of a plurality of corridors 136, location, thickness and direction of a
plurality of walls 138, location, direction and size of a plurality of doors 140, location,
size and area of a plurality of halls 142, location, angles and direction of a plurality of
corners 144 corresponding to a plurality of junctions 146 etc. Table. 1 below illustrates
reference features extracted in this embodiment. Row 1 of Table. 1 shows that
information about the junctions 146 in the building is extracted from the floor plan 132.
These junctions 146 are treated as key locations where the robot 100 is configured to
make decisions (e.g. which direction to turn to) during navigation, and are presented
as nodes 180 (see Fig. 8). Besides information about the junctions 146 extracted from
the floor plan 132, metric information 190 may be detected using one or more sensors
at these junctions 146. Row 2 of Table. 1 shows that connectivity of the junctions 146,
representing free spaces 160 (see Fig. 6) linking the junctions 146, is also extracted
from the floor plan 132 and presented as edges 186. The edges 186 linking nodes 180
include topological information of the building, and may be used for fast high level path
planning and guiding a region level path planning. Although metric information 190
may be detected using one or more sensors at the free spaces 160 (including free
spaces corresponding to the edges 186), the connectivity information extracted from
the floor plan 132 at a topological level enables the initiation of the navigation and is
relied on for navigation at the edges 186. Further, as shown in row 3 of Table. 1,
semantic information is also extracted from the floor plan 132, i.e. functions of
structures in the building. As different structures in the building may have different
functions, such functions may be helpful during the navigation. The semantic
information may be used to define reliability of information. In this embodiment, the

reliability is defined as whether the structural information has low possibility to be
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affected by the environment. For example, the corridors 136 are reliable in terms of

direction, the doors 140 are reliable in terms of visibility (location and direction) and

the junctions 146 are reliable in terms of measurable structure. Typically, corridors are

referred to as narrow pathways with walls on both sides, hence any path associated

to such features is more reliable than others. Therefore, without further information,

planning of a path will consider these locations with high priority.

Table. 1. Reference features extracted from the floor plan

1 Junctions 146 Key locations to make Nodes 180 include metric
decisions information 190

2 |Connectivity Free spaces 160 linking the[Edges 186 include
junctions 146 topological info

3 [Semantic info Functionalities related to  |Reflects reliability of info

navigation

For selectively identifying reference features shown in Table. 1 from the floor plan 132,

the floor plan 132 is analysed by conducting floor plan analysis according to the flow

chart illustrated in Fig. 5. The floor plan analysis comprises:

a)

b)

at step 148, detecting the plurality of junctions 146 from the floor plan 132 to be
presented as nodes 180, by identifying the plurality of corners 144 based on
minimum corner-to-wall distance. For detecting the plurality of corners 144 from
the floor plan 132, the floor plan 132 is pre-processed to identify areas with the
free spaces 160 that are potentially available for the robot 100 to traverse. Fig.
6 illustrates the identified corners 144 and illustrates the pre-processing result,
showing the free spaces 160 in empty areas and the rest of areas of the floor
plan 132 in shaded areas 162. Some corners 144 in the free spaces 160 are
identified and presented in intersecting line segments 164. For each identified
corner 144, thickness of the line segments 164 is used to represent the relative
width of the free spaces 160 along different directions of the identified corner
144;

at step 150, segmenting the floor plan 132 into different regions, taking into

consideration of the plurality of identified corners 144 in this embodiment, each
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enclosed polygon on the floor plan 132 is treated as a region and therefore be
segmented accordingly.

c) at step 152, classifying the regions into different categories (such as
workspace, room, corridor and junction), by identifying structures of the building
(such as the rooms 134, the corridors 136, the walls 138, the doors 140 and the
halls 142, in addition to the corners 144 detected at step a)); wherein some
information is provided by the floor plan 132 such as the rooms 134, the walls
138 and the doors 140, while some information is detected or analysed from
the floor plan 132, such as conducting topological analysis of the free spaces
160 on the floor plan 132 to detect the corridors 136 and the junctions 146;

d) at step 154, detecting locations of the plurality of doors 140;

e) at step 156, generating a topological map 182, using information of the free
spaces 160 to find path between nodes 180;

f) at step 158, identifying a potential navigation path 166 (see Fig. 7) by
associating the path between nodes 180 to reference features (such as the
identified free spaces 160, the identified junctions 146, the identified nodes 180,
the separated regions, the identified structures of the building, the categories
of regions and locations of the identified doors 140). Identifying the potential
navigation path by taking into consideration of the reference features helps to

improve the reliability of the identified potential navigation path 166.

Fig. 7 illustrates the identified potential navigation path 166 which are associated to
the narrow corridors 136 and the doors 140 on the floor plan 132 of the building. Fig.
7 illustrates bolded lines 168 and un-bolded lines 170. The bolded lines 168 and un-
bolded lines 170 are used to generate the potential navigation path 166. When a
portion of the potential navigation path 166 is from the corridors 136 or close to
semantic features (such as doors 140 which are unlikely be occluded), such portion is
illustrated using un-bolded lines 170. Bolded lines 168 and un-bolded lines 170
segment the whole spaces into different regions 172. The regions 172 enclosed by the
bolded lines 168 and/or the un-bolded lines 170 are the parts of the free spaces 160
on the floor plan 132 that have high chance to be partially occupied (indicating high
discrepancy) by furniture or other stuff in real environment. Areas before the plurality
of doors 140 and the plurality of corridors 136 are hardly to be blocked. If such areas

are blocked, the blockage is easy to be detected since no free space is available.
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Returning to Fig. 3 at step 124, the navigation system 104 generates the topometric
map 178 of the building which is associated with the identified reference features. A
topometric map is a map that may comprise topological information from a topological
map and metric information detected from an environment. The potential navigation
path 166 is used for generating the topometric map 178. For the local region 174, the
bolded lines 168 within the local region 174 are used to generate the initial navigation
path 176 of the local region 174. As the topometric map 178 comprises a navigation
path in the beginning, the robot 100 is able to start traveling based on such navigation

path.

Fig. 8 illustrates the topometric map 178 evolved from Fig. 7. The topometric map 178
being associated with various reference features of the building, mainly comprises
three components: the nodes 180, the topological map 182 and orientation guided
landmarks 184:

o Nodes: Nodes 180 represent sparse key locations where the robot 100 is able
to detect using the sensor module 102 and/or to determine a direction for
traversing. These key locations are relatively stable, and initially may be
obtained from the floor plan 132 according to structural information of the
building, such as the doors 140, the junctions 146 and centres of the rooms
134. With the traverse of the robot 100 in the building, these key locations will
be updated according to capabilities of the sensor module 102 of the robot 100.
The metric information 190 at the nodes 180 provide a basis for visual
localization and assist the robot 100 to recognise its location. The nodes 180
serve as key components to provide metric information 190 so that at these
places, the robot 100 is able to recover or correct its pose, reduce drifting of
and/or re-initialize its pose.

e Topological map: Multi paths coexist among the nodes 180, which illustrate
relative connectivity among the nodes 180. Topological map 182 comprises
nodes 180 at key locations and edges 186 demonstrating relative connectivity
among the nodes 180. The connectivity includes the potential navigation path
166 associated to specified elements in the building. The topological map 182

will be used for fast high level path planning for the whole of the building and
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for guiding the region level path planning, and providing direction guide
especially when the robot 100 is traversing at the edges 186.

Orientation guided landmarks: Orientation guided landmarks 184 encode useful
information from the environment to guide the robot 100 to do directional
navigation, it could be obtained from structural constraints or generated on the
fly. The orientation guided landmarks 184 help to identify what information is
useful to help the navigation in addition to the above-mentioned nodes 180 and
edges 186. For example, based on the floor plan 132, a corridor 136 (especially
when with a narrow space) is one of such features since the only path between
two nodes 180 has the same direction as the parallel walls 138. A door 140 is
another one of such features that may be used to derive orientation guided
landmarks 184; the orientation guided landmarks 184 shown in Fig. 8 are
illustrated in bi-direction arrows 184 which show the directions derived from the
doors 140 beside the edges 186. Such semantic information may be added into
or associated to the topometric map 178 to be used to guide the robot 100
during traversing. The orientation guided landmarks 184 may be obtained from

floor plan analysis or on-site detection of reference features.
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Table. 2. Components, functionality, source and frequency of update of the

topometric map

1 | Topological Nodes 180: key | Obtained from floor plan analysis
map 182 locations to
make decision Most stable after verification and will be
updated upon change detected

Edges 186:
Connectivity
2 | Metric Re-initialization, | Structure nodes 180 are obtained by
information drift reduction, sensor detection, and vision nodes 180
190 of building | lost recovery (e.g. spaces in the rooms 134) are
on nodes 180 obtained by Structure from Motion
(SFM) from indoor panoramic image
Metric information 190 will be updated
when visiting the nodes 180
3 | Orientation Local reference | Structure based landmarks 184 are
guided frame to assist | stable features, e.g. the corridors 136,
landmarks select next the walls 138, the corners 144, and will
184 waypoint be updated upon change detected

Vision based landmarks 184 are based
on images obtained on the fly, e.g.
images taken during navigation from a
current location 192 (see Fig. 9) towards
a target location, and will be updated
when visiting the landmarks 184

As shown in row 1 of Table. 2, the nodes 180 correspond to those key locations that
the robot 100 makes decision and the edges 186 represent connectivity of the nodes
180, which are obtained from the floor plan 132 and are the most stable information
and only require update if a change is detected. Turn to row 2 of Table. 2, at a node
180, the sensor module 102 of the robot 100 detects reference features of the building
at the node 180 surrounding the robot 100, which comprises metric information 190
and can be used for re-initializing the robot 100, reducing drift and recovering lost.
Reference features detected by the sensor module 102 in the building reflect a real
environment of the region, comprising information about permanent structures, semi-
permanent structures and movable objects, and are relative stable. Such detected
reference features may be updated when the robot 100 is visiting the node 180. Row
3 of Table. 2 relates to the orientation guided landmarks 184. As there could be

multiple potential waypoints for the robot 100 to move towards at the local region 174,
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the orientation guided landmarks 184 may be used to as a local reference frame to
assist in selecting a next waypoint. The orientation guided landmarks 184 comprise
structure based landmarks relating to features such as permanent structures and
semi-permanent structures of the building which will be updated upon change detected,
and vision based landmarks such as images taken during navigation from the current
location 192 towards the target location which will be updated when visiting the
landmarks 184.

Returning to Fig. 3 at step 126, the navigation system 104 generates the initial
navigation path 176 of the local region 174 from the topometric map 178. The initial
navigation path 176 of the local region 174 where the robot 100 locates enables the

robot 100 to start traversing in the local region 174 of the building.

At step 128, as the robot 100 navigates along the initial navigation path 176 of the
local region 174, the sensor module 102 of the robot 100 detects on-site reference
features of the local region 174 that correspond to the identified reference features of

the floor plan 132.

At step 130, the navigation system 104 updates the topometric map 178 based on the
correspondence to generate the regional path plan 188 to guide the direction of the

robot 100 in the local region 174.

Fig. 9 illustrates a flow chart of regional path planning which helps to direct the robot
100 to traverse from one region to a neighbouring region based on the topometric map
178 and sensor data 198. The current location 192 of the robot 100 may be identified
using any existing method known in the field. At step 194, the topometric map 178 is
used as a high level path planner to generate the initial navigation path 176 for the
local region 174. At step 196, based on the current location 192 and the initial
navigation path 176, appropriate one or more orientation guided landmarks 184 is/are
selected for navigating the robot 100 in a direction to a next location, i.e. identifying a
next direction. On the other hand, the sensor module 102 of the robot 100 detects
environment of the local region 174 when the robot 100 is traversing and provides the
sensor data 198. The sensor data 198 may be used for forming a low-level local map

which is a map from the readings of the sensor module 102 when the robot 100 is
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traversing (an observation of the real world, i.e. the environment of the local region
174 in this example). At step 200, the local map based on the sensor data 160 when
the robot 100 is traversing, reflecting local reference features, is used to identify
potential waypoints. The local reference features are detected on-site using the sensor
module 102, comprising local structural features (e.g. the corners 144) and/or learnt
visual features. The local structural features are detected using one or more sensors
which are able to detect depth; the learnt visual features are detected using visual
sensors. At step 202, taking into consideration of both the next direction determined
at step 196 and the potential waypoints identified at step 200, a best waypoint is
identified for controlling the traverse of the robot 100 to the neighbouring region via
the identified best waypoint. As an intermediate layer path planning, the regional path
planning bridges high-level topological map-based path planning and low-level local

map based on the sensors.

For updating the topometric map 178, reference features that are useful for navigation
from the readings of the sensor module 102 are identified and associated to the
topometric map 178. The reference features may include more than the structural
information, such as visual features and semantic information. With more and more
updates based on the detected information of the real world environment, the

topometric map 178 would become more and more helpful in navigation.

Overall, the information obtained from the floor plan 132 provides a basis for the robot
100 to start travelling in the building, and for evolution of the topometric map 178 with
on-site detected information. For exemplary purpose, Fig. 10 illustrates a flow chart of
an application of the method in navigating the robot 100 based on the floor plan 132
of the building, with the sensor module 102 of the robot 100 comprising a RGB & Depth
sensor (RGB-D sensor). The robot 100 receives the floor plan 132 as a basis for the
subsequent processing. At step 204, analysis is performed on the floor plan 132 to
identify reference features including the nodes 180, the edges 186 and the orientation
guided landmarks 184 wherein the nodes 180 and the edges 186 are used to generate
the topological map 182. At step 206, structure nodes 180 and visual nodes 180 (if
available) are selected for subsequent use. A node 180 is selected to be used as a
structure node 180 if structural feature(s) of such node 180 from the floorplan 132 and

from the sensor module 102 are matched. At locations around selected structure

22



10

15

20

25

30

WO 2023/191715 PCT/SG2023/050197

nodes 180 and/or recognized landmarks (e.g. doors 140), visual features are
generated. Visual nodes 180 are identified if visual features at selected structure
nodes 180 and/or recognized landmarks are rich enough to perform localization (e.g.
sufficient for generating 3D point cloud from structure from motion (SFM)). At step 208,
metric map for each node 180 is collected. At step 210, the orientation guided
landmarks 184 are identified. At step 212, the topological map 182, the selected nodes
180, the metric map collected within each node 180 and the orientation guided
landmarks 184 are used to generate the topometric map 178, which is in an evolutional
representation. The topometric map 178 serves as a high level plan to generate an
initial global path plan comprising initial navigation paths 176 covering different local
regions of the building. The topometric map 178 is evolutional with information

received subsequently.

After the start and goal locations 214 are confirmed, the navigation starts with the initial
global path plan. At step 216, the initial global path plan generated from the topometric
map 178 is used to provide a logical path of nodes 180, which is used to guide the
robot 100 to navigate from one node 180 to another. At step 218, the logical path of
nodes 180 and the orientation guided landmarks 184 in the local region 174 are used
to make a regional path planning, e.g. the initial navigation path 176. At step 220, the
sensor data 198 from the RGB-D sensor of the robot 100 comprising on-site detected
reference features (e.g. structural information, potential waypoints, the orientation
guided landmarks 184 in the environment surrounding the robot 100) of the local
region 174 and the regional path planning from step 218 are used to identify the next
waypoint. Images from the RGB-D sensor are collected and are used to perform 3D
reconstruction by SFM. The 3D reconstruction is then used to recognize the nodes
180 besides the structure information from depth. The regional path plan 188 is
generated taking into consideration of reference features of the local region 174 and
the initial navigation path 176 of the local region 174 to provide directional information
to the robot 100 in the local region 174. The next waypoint is identified to guide the
robot 100 to travel to a next node 180 according to the logical path of nodes 180. At
step 222, the detected reference features are used to update the topometric map 178
for the local region 174, by associating the on-site detected reference features in the

local region 174 with the corresponding node 180 in the topometric map 178.
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At step 224, a local motion controller without collision is used to control motion of the
robot 100 based on the identified next waypoint. At step 226, the local motion controller
determines whether there is a next node 180. Where there is no next node 180, step
228 is carried out to determine whether an exception occurs. In this embodiment, the
robot 100 is always expected to reach a next node 180 in a predetermined time window,
so that if the robot 100 does not reach the next node 180 within the time constraint,
the exception will be triggered. If the exception is triggered, step 230 is carried out for
the local motion controller to handle the exception to relocate the robot 100 based on
information of the structure nodes 180 and/or the visual nodes 180 and thereafter
control the robot 100 to travel to the next node 180 based on the logical path of nodes
180; if the exception is not triggered, the local motion controller controls the robot 100
to travel to the next node 180 based on the logical path of nodes 180. Where the local
motion controller determines that there is next node 180 at step 226, step 232 is
carried out for the local motion controller to control the robot 100 to travel to the next
node 180 based on the logical path of nodes 180 if the next node 180 is not the last
node 180; or, the local motion controller controls the robot 100 to complete the last

mile delivery 234, whereupon the navigation is completed.

As described above, the generation of the regional path plan 188 bridges the high-
level topological map 182 based path planning and low-level local map from sensor;
at the local region 174, localization based on the regional path plan 188 may be
accurate enough to perform regional path planning. An example to demonstrate the
advantages of the regional path plan 188 is: when the robot 100 is on a corridor 136,
the exact location of the robot 100 between an entrance and an exit of the corridor 136
is not so important; as long as the corridor direction is detected, the robot 100 is able
to move toward the exit; and as long as the exit can be correctly detected, the robot
100 is able to make another node-to-node navigation. Therefore, using the regional
path plan 188 as the bridge lowers the requirement of precise localization (e.g.
accurate localization on the global topometric map 178) by finding the direction and
rough localization during the robot navigation, so that the robot 100 can put more
efforts in making low level motion controlling (such as focusing on moving the robot
100 on the local scanning map) rather than global path planning. As the regional path
plan 188 mainly uses the direction information, the estimation of the exact location of

the robot 100 on the topometric map 178 could be large so that navigation may be
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improved if accumulated errors are reduced or eliminated before reaching a
remarkable level. Accumulated errors may be reduced or eliminated by correcting
pose of the robot 100 when it reaches an area where reference feature or metric
information 190 is available, such as at the structure nodes 180 or the visual nodes
180.

For ease of review, Table. 3 provides a brief illustration on the advantages of each
level of path planning. For the high level planning in row 1 of Table. 3, as it is based
on nodes 180 from the topological map 182, no sensor data 198 is involved in the
computation, this planning is efficient. For the low level of the sensor data 198 of the
environment as shown in row 3 of Table. 3, as no global map is involved, this level of
planning is tolerant to localization errors. Row 2 of Table. 3 shows that the regional
level that bridges the high level and low level does not require precise location as it is
guided by associating information from the high level planning and low level planning

at the local region 174.

Table. 3. Advantages of different levels of path planning

1 | High level Nodes 180 to nodes 180 | No sensor data 198 involved,
efficient.
2 | Regional level | Link high level & low | No precise location required,
level orientation guided.
3 | Low level Sensor data 198 No global map involved, tolerant

to localization errors.

With the system and method disclosed in the described embodiment, the navigation
does not require precise localization everywhere and the robot 100 may start
navigation with only a scale plan even when precise measurement is not available at
the beginning. Therefore, the robot 100 may be deployed in the designated
environment at a faster speed with a lower computational cost, particularly when it is
a new environment to the robot 100. Further, the metric information from detection of
on-site reference features may be used to correct pose of the robot 100, by performing
the correction periodically, strict requirement of precise localization is also reduced.
Consequently, requirement on storage and precise localization computation cost are

minimised.
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Further, the topometric map 178 may carry sufficient information for robot navigation
yet maintains the concise representation of the map. As the topometric map 178 is
evolutional and may be updated with reference features of the real environment
detected by the sensor module 102, the robot 100 would become more and more
‘familiar’ with the environment as the sensor module 102 may repeatedly provide
useful information about the real environment to update the topometric map 178 if
there are repeated visits of the same environment over time, hence the topometric
map 178 will become more and more helpful in navigation with repeated visits over

time.

While steps of the method in the described embodiment is performed continuously, it
is envisaged that different steps may be performed separately. For example, the floor
plan analysis may be performed before the robot 100 is deployed and the analysis
results may be stored for subsequent use. As another example, the floor plan analysis
may be performed by another party so that the robot 100 only receives the results of

the floor plan analysis for navigation.

While it is mentioned in the described embodiment that the robot 100 has wheels, it is
envisaged that the robot 100 may be of any type that is able to move around, such as
a robot equipped with legs, wings, propellers and/or balloon. It is also envisaged that

one type of the robot 100 equipped with wheels is an autonomous vehicle (AV).

While the designated environment in the described embodiment is a building, it is
envisaged that the method and system may be applied to outdoor scenarios as well,
such as outdoor AVs and mobile platform applications. With the orientation guided
process together with junction detection process described, the topometric map 178
may be applied to drive the AVs without precise localization everywhere, which may
reduce the computation load so that the AVs may focus more on local motion rather
than global localization, and it is more tolerant to localization errors. For example, for
AVs on a highway, the most important thing is when to make a decision such as
selecting road on junction or exit, so that at other locations the AVs only need to follow

the direction along the way.
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While the sensor module 102 in the above described embodiment comprises a RGB-
D sensor, it is envisaged that the sensor module 102 may comprise other sensors that
may help to detect reference features of an environment, such as a LIDAR sensor, a

RADAR sensor, an ultfrasonic sensor, etc.

While in the described embodiment, nodes 180 representing key locations are
obtained according to structural information, it is envisaged that, where an open space
is big and there is not enough structural information to help inserting nodes 180, virtual
nodes 180 may be inserted so that when the robot 100 is within the vicinity or nearby,

visual information can be collected to generate a visual node 180.

While the topometric map 178 in the described embodiment comprises nodes 180,
edges 186 and orientation guided landmarks 184, it is envisaged that the topometric
map 178 may comprise a different combination of types of reference features or a

different type of representation or components.

While in the described embodiment, each enclosed polygon on the floor plan 132 is
treated as a region, it is envisaged that, for big polygons, each polygon may be divided

into two or more regions.

While Fig. 8 illustrates a regional path plan 188 that covers one node 180 and some
edges 186, it is envisaged that a regional path plan 188 may cover other number of
nodes 180 and edges 186. For example, a regional path plan 188 may comprise two

nodes 180 and an edge 186 connecting the two nodes 180.

While in the described application example, exception is handled by the local motion

controller, it is envisaged that it may be handled by other controllers.

While the navigation system 104 is shown as a separate module in Fig. 1, it is

envisaged that it may form part of the controller 106.

In the described embodiment, the plurality of junctions 146 is detected from the floor
plan 132 based on minimum corner-to-wall distance, it is envisaged that other

appropriate methods may be used for the detection.
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Having now described the invention, it should be apparent to one of ordinary skill in

the art that many modifications can be made hereto without departing from the scope
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as claimed.
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CLAIMS

A method of navigating a robot in a designated environment, comprising:

(i) selectively identifying reference features from a scale plan of the
designated environment;

(i) generating a topometric map of the designated environment, the
topometric map being associated with the identified reference features;

(iii) generating an initial navigation path of a local region from the topometric
map;

(iv) as the robot navigates along the initial navigation path of the local region,
detecting on-site reference features of the local region that correspond to
the identified reference features of the scale plan; and

(v) updating the topometric map based on the correspondence to generate a

regional path plan to guide the robot’s direction in the local region.

The method according to claim 1, wherein the topometric map comprises a
plurality of local regions, and the initial navigation path is generated for each

of the plurality of local regions.

The method according to claim 2, wherein the reference features comprise a
plurality of free spaces identified from the scale plan that are potentially

available for the robot to traverse in the designated environment.

The method according to claim 3, wherein generating the topometric map of
the designated environment comprises generating a topological map by using
the plurality of identified free spaces to find a path between any neighbouring

two of the plurality of local regions.

The method according to claim 4, wherein generating the topometric map
further comprises generating a potential navigation path by associating the

topological map to the identified reference features.

The method according to claim 5, further comprising, at the path between

neighbouring two regions of the plurality of local regions, navigating the robot

29



10

15

20

25

30

35

10.

11.

12.

13.

WO 2023/191715 PCT/SG2023/050197

is based on the generated topological map or the generated potential

navigation path.

The method according to any of claims 2 to 6, further comprising detecting on-
site reference features of each of the plurality of local regions that correspond
to the identified reference features of the scale plan as the robot navigates

along the initial navigation path in the corresponding local region.

The method according to any of claims 2 to 7, further comprising updating the

topometric map for each of the plurality of local regions.

The method according to any preceding claim, wherein the designated
environment is an indoor environment of a building and the scale plan is a

floor plan of the building.

The method according to claim 9, wherein the reference features comprise a
plurality of junctions identified from the floor plan, and the method further
comprises segmenting the floor plan into a plurality of regions based on the

plurality of identified junctions.

The method according to claim 10, wherein the reference features further
comprise categories of the plurality of segmented regions, and the method
further comprises determining the categories of the plurality of segmented
regions by identifying a plurality of structures of the building from the floor

plan.

The method according to any of claims 9 to 11, wherein the reference features
comprise locations and directions of a plurality of doors identified from the

floor plan.

A system for navigating a robot in a designated environment, comprising:
i. asensor module, configured to detect on-site reference features; and
ii. aprocessor, configured to:

a) selectively identify reference features from a scale plan of the

designated environment;
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b) generate a topometric map of the designated environment, the
topometric map being associated with the identified reference
features;

C) generate an initial navigation path of a local region from the
topometric map;

d) receive on-site reference features of the local region that correspond
to the identified reference features of the scale plan from the sensor
module as the robot navigates along the initial navigation path of the
local region; and

e) update the topometric map based on the correspondence to generate

a regional path plan to guide the robot’s direction in the local region.

The system according to claim 13, wherein the topometric map comprises a
plurality of local regions, and the processor is configured to generate the initial

navigation path for each of the plurality of local regions.

The system according to claim 14, wherein the reference features comprise a

plurality of free spaces identified from the scale plan that are potentially

available for the robot to traverse in the designated environment.

The system according to claim 15, wherein, the processor is further
configured to generate a topological map by using the plurality of identified
free spaces to find a path between any neighbouring two of the plurality of
local regions in order to generate the topometric map of the designated

environment.

The system according to claim 16, wherein the processor is further configured
to generate a potential navigation path by associating the topological map to
the identified reference features in order to generate the topometric map of

the designated environment,

The system according to claim 17, wherein, at the path between the

neighbouring two regions of the plurality of local regions, the processor is
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further configured to navigate the robot based on the generated topological

map or the generated potential navigation path.

The system according to any of claims 14 to 18, wherein the sensor module is
configured to detect on-site reference features of each of the plurality of local
regions that correspond to the identified reference features of the scale plan
as the robot navigates along the initial navigation path in the corresponding

local region.

The system according to any of claims 14 to 19, wherein the processor is
configured to update the topometric map for each of the plurality of local

regions.

The system according any of claims 13 to 20, wherein the designated
environment is an indoor environment of a building and the scale plan is a

floor plan of the building.

The system according to claim 21, wherein the reference features comprise a
plurality of junctions identified from the floor plan, and the processor is further
configured to segment the floor plan into a plurality of regions based on the

plurality of identified junctions.

The system according to claim 22, wherein the reference features further
comprise categories of the plurality of segmented regions, and the processor
is further configured to identify a plurality of structures of the building from the

floor plan to determine the categories of the plurality of segmented regions.

The system according to any of claims 21 to 23, wherein the reference
features comprise locations and directions of a plurality of doors identified

from the floor plan.

A robot, comprising:
(i) a system according to any of claims 13 to 24; and
(ii) a controller configured to control an operation of the robot in a designated

environment based on a direction received from the system.
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26. A non-transitory computer-readable storage medium for storing a computer
program, when executed by a processor, performs a method of navigating a

robot in a designated environment according to any of claims 1 to 12.
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