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DESCRIPTION

TECHNICAL FIELD

[0001] The presently disclosed subject matter relates to autonomous navigation in general,
and more particularly to navigating an unmanned vehicle.

BACKGROUND

[0002] In general, an unmanned ground vehicle (UGV), also referred to as an uncrewed
vehicle is a mobile machine that travels by integrating sensory data with computer-based
decision making for the purpose of autonomously driving the vehicle. The vehicle can in some
cases carry passengers, e.g. operators that cannot see the surrounding environment and/or
manoeuvre the vehicle.

[0003] Generally, UGVs comprise various sensors for obtaining information on the surrounding
environment, as well as various sub-systems for operating, controlling and communicating with
the vehicle.

[0004] One issue related to UGV operation is autonomous navigation. When navigating the
vehicle, information with respect to obstacles which are located within the traversed area is
used for determining a route that avoids obstacles, to enable the vehicle to safely travel
through the area. An obstacle can be any area or object which should be avoided. For
example, an obstacle can be an object or area which either blocks or endangers the vehicle,
e.g. slopes, holes in the ground, water reservoirs, walls, big rocks, overhead obstacles e.g.,
bridges, etc. Obstacles can also be any area which is desired to be avoided (e.g. noxious
areas, habitat areas which should be avoided for ecological or animal conservation reasons,
human populated areas which should be avoided for safety reasons, etc.)

[0005] When planning a path to a destination, the path should avoid obstacles, and possibly
also comply with other limitations, for example be efficient, e.g., should not be elongated
unnecessarily. Additionally, due to the near-real-time requirements of navigation tasks and the
limited processing power available at the UGV, planning and tracking a path should be efficient
in terms of processing time, processing power, data storage and other resources.

[0006] Patent Application, publication No. US 2009/0149990 discloses a method for performing
path planning of a mobile robot that includes: generating a coarse map composed of a plurality
of cells, generating a fine map composed of a plurality of sub cells into which at least one of
the plurality of cells, which neighbors the cell where an obstacle exists, is divided, generating a
moving path whereby the mobile robot can pass a narrow passage by using the fine map, and
updating the coarse map by reflecting the moving path.
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GENERAL DESCRIPTION

[0007] The disclosure relates to navigating a UGV within an area, in the presence of obstacles.
Known methods include generating a representation of the area, such as a map or any other
internal data structure, the representation comprising indications of the obstacles and a
destination of the navigation. The map can then be used for planning a path which leads to the
destination while avoiding obstacles. During actual navigation, steering commands to the UGV
can be generated for following the path.

[0008] An inherent tradeoff exists between resources such as storage, time and processing
power, required for generating a map and using the map for navigating a UGV, on the one
hand, and the size of the area represented by the map as well as the map resolution, on the
other hand. The larger the area and/or the higher the resolution, the more resources are
required for generating a map, planning a path based on the map and controlling a UGV in
accordance with the path. In particular, in the presence of obstacles, a high resolution map
may be required, since the UGV may have to go through narrow passes or otherwise pass
close to obstacles. Additionally, the target destination of the UGV may be at a significant
distance away from a current location, such that a map representing a suitably large area may
be required. However, the computing resources available for a UGV may be limited, and the
processing time may also be restricted since real time (or near real time) processing and
vehicle control may be required. Thus, it may be impractical to use a large map which is also of
high resolution.

[0009] Some examples of the disclosed subject matter relate to the simultaneous generation
and usage of two or more maps, wherein one map, referred to herein as "the large map",
represents an area to be navigated in at a first resolution, and another map, referred to herein
as "the small map", represents a smaller area than that of the first map, at a second resolution,
the second resolution being greater than the first resolution. Each map can be represented as,
or can comprise a grid, in which each cell is classified as being associated with an area
containing an obstacle (or part thereof) or not containing an obstacle, e.g., as non-traversable
or traversable, respectively. It will be appreciated that, according to examples of the presently
disclosed subject matter, if an obstacle takes up even a fraction of a cell, the cell (the entire cell
area) is classified as non-traversable. The cells of the small map represent smaller areas than
those of the large map. The small map and the large map can at least partially overlap,
wherein correlation exists, which maps, within the overlapped parts, each cell in the small map,
to one or more cells in the large map, and vice versa.

[0010] The maps can be created based on information provided by a scanning device which
scans the areas surrounding the UGV. Thus, each map can be centered around a current
location of the UGV. The small map can represent areas adjacent to the UGV at high
resolution, while the large map represents the same areas as well as further areas in one or
more directions, at lower resolution. The two maps can be continuously updated as the UGV
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advances and readings are received from the scanning device, which continuously scans the
area around the UGV.

[0011] The large map can be used for planning a path from a current location to a target
destination, while the small map can be used when the UGV is tracking the path for providing
accurate steering instructions to the UGV.

[0012] In accordance with some examples of the disclosure, planning and tracking the path,
using either map, can use crossed information, i.e., information obtained from the other map
which relates to obstacles in the corresponding area of the used map.

[0013] As mentioned above, although an obstacle in any one of the maps is indicated as taking
up at least one cell, it can be smaller. For example, an obstacle in the large map can be
significantly smaller than the area represented by a cell in the large map, even to a degree that
it can be ignored or overrun. This information can sometimes be obtained by crossing the
information on the obstacle from the large map, with corresponding information from the small
map. For instance, by determining the area that an obstacle takes up in the small map, for
example one or more cells, it can be deduced that the total area of the obstacle is significantly
smaller than the area represented by a cell of the large map, and can in certain cases be
treated accordingly.

[0014] In another example, using the small map, it may not be known whether an obstacle
located at an edge of the small map extends beyond the area represented by the small map,
and is actually larger than it seems based on information from the small map. This can be
resolved based on information obtained from the corresponding area in the large map.

[0015] Thus, an aspect of the disclosed subject matter relates to a method of navigating an
unmanned ground vehicle (UGV), the vehicle comprising a scanning device, the method
comprising: scanning an area surrounding the UGV, operating a processor for generating,
based on the data provided by the scanning, a first map and a second map representing a first
part and a second part of the area, respectively the first part and the second part at least
partially overlap, the first map and the second map being relative to a location of the UGV, the
first map comprises a first group of cells of a first size and the second map comprises a second
group of cells of a second size, the first size larger than the second size; classifying cells in the
first group of cells or the second group of cells as traversable or non-traversable; crossing
between non-traversable cells in the first group of cells and corresponding cells in the second
group of cells; deducing, from the crossing, data indicative of whether a size of a non-
traversable area includes an area which is smaller than the size of the one or more cells from
the first group of cells; and navigating the UGV in accordance with data obtained from the
crossing.

[0016] Another aspect of the disclosed subject matter relates to a method of navigating an
unmanned ground vehicle (UGV), the vehicle comprising a scanning device and an Inertial
Navigation System (INS) being operatively connected to a processor, the method comprising:
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operating the scanning device for executing scanning operations, comprising scanning an area
surrounding the UGV, to thereby generate respective scanning output data; operating the
processor for generating, based on the scanning output data, a first map representing a first
part of the area, the first map being relative to a location of the UGV and comprising a first
group of cells, each of the first group of cells representing part of the first part of the area and
characterized by a first size being larger than an accumulated drift value of the INS over a
predefined distance, wherein each of the first group of cells is classified to a class selected
from at least two classes, comprising traversable and non-traversable; operating the processor
for generating, based on the scanning output data, a second map representing a second part
of the area, the second part being smaller than the first part, the second map being relative to
the location of the UGV and comprising a second group of cells, each of the second group of
cells representing a part of the second part of the area and characterized by a second size
being smaller than the first size and wherein each of the second group of cells is classified to a
class selected from at least two classes, comprising traversable and non-traversable, wherein
the second part at least partly overlaps the first part; crossing between one or more cells from
the first group of cells that is classified as non-traversable and one or more corresponding cells
from the second group of cells; deducing, from the crossing, data indicative of whether a size
of a non-traversable area includes an area which is smaller than the size of the one or more
cells from the first group of cells; receiving INS data indicative of a current location of the UGV
relative to a previous location; updating a location of the UGV relative to non-traversable cells
based on the first map and the second map; navigating the UGV in accordance with data
obtained from the crossing.

[0017] In addition to the above features, the method according to this aspect of the presently
disclosed subject matter can optionally comprise one or more of features (i) to (xvii) listed
below, in any technically possible combination or permutation:

1.1i). Crossing between one or more second cells from the second group of cells that is
classified as non-traversable and one or more corresponding cells from the first group of
cells; and deducing, from the crossing, data indicative of whether a size of a non-
traversable area includes an area represented by the second cell is greater than the size
of the second cell.

2. ii). Navigating the UGV comprises generating or updating a path to a destination.

3.1ii). Navigating the UGV comprises determining steering commands for controlling
movement of the UGV within the area.

4.iv). Navigating the UGV is performed in accordance with at least the second map and
the data obtained from the crossing.

5. v). Wherein INS data is received repeatedly.

6. vi). Comprising navigating the UGV in accordance with at least the second map and the
information.

7. vii). Wherein the first map or the second map is generated by accumulating scanning
output data in an advancement direction of the UGV as the UGV advances into the area,
and omitting representation of areas in an opposite direction beyond a scanning range.

8. vii). Repeatedly obtaining a path to a destination of the UGV, and updating the path
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using the large map and the small map.
9. ix). Determining the path to the destination, the path determined so as to avoid non-

traversable cells.

10. x). Determining the path to the destination, the path determined so as to avoid
dangerous slopes.

11. xi). Receiving a current location of the UGV and a destination location in absolute
coordinates; and
determining the path based on the current location and the destination location.

12. xii). Identifying the destination location based on a predetermined mark, and wherein the
path is determined from a current location to the destination location.

13. xiii). Displaying a representation of the map including non-traversable cells, an indication
of a location of the UGV, and the path.

14. xiv). Wherein the predefined distance is selected to exceed a maximal distance expected
to be travelled by the UGV between consecutive map updates.

15. xv). Wherein the predefined distance is equal to a dimension of the area represented by
the first map.

16. xvi). Wherein the predefined distance is equal to part (for example half) a dimension of
the area represented by the first map.

17. xvii). Wherein the updating is performed for each INS data received.

[0018] According to another aspect of the presently disclosed subject matter there is provided
a system mountable on an unmanned ground vehicle (UGV), comprising: a scanning device for
scanning an area surrounding the UGV, to thereby provide scanning output data providing
information on distances between objects in the area and the UGV in a multiplicity of directions;
an INS for providing data indicative of a current location of the UGV relative to a previous
location; a processor configured to: operate the scanning device for executing scanning
operations, comprising scanning an area surrounding the UGV, to thereby generate respective
scanning output data; generate, based on the scanning output data, a first map representing a
first part of the area, the first map being relative to a location of the UGV and comprising a first
group of cells, each of the first group of cells representing part of the first part of the area and
characterized by a first size being larger than an accumulated drift value of the INS over a
predefined distance, wherein each of the first group of cells is classified to a class selected
from at least two classes, comprising traversable and non-traversable; generate, based on the
scanning output data, a second map representing a second part of the area, the second part
being smaller than the first part, the second map being relative to the location of the UGV and
comprising a second group of cells, each of the second cells representing a part of the second
part of the area and characterized by a second size being smaller than the first size and
wherein each of the second group of cells is classified to a class selected from at least two
classes, comprising traversable and non-traversable, wherein the second part at least partly
overlaps the first part cross between one or more cells from the first group of cells that is
classified as non-traversable and one or more corresponding cells from the second group of
cells; deduce, from the crossing, data indicative of whether a size of a non-traversable area
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includes an area which is smaller than the size of the one or more cells from the first group of
cells; receive INS data indicative of a current location of the UGV relative to a previous location;
update a location of the UGV relative to non-traversable cells on the first map and on the
second map; and navigate the UGV in accordance with data obtained from the crossing.

[0019] According to another aspect of the presently disclosed subject matter there is provided
an unmanned ground vehicle (UGV), comprising: an INS for providing data indicative of a
current location of the UGV relative to a previous location; a scanning device for scanning an
area surrounding the UGV, the area having at least predefined area dimensions, to thereby
provide scanning output data providing information on distances between objects in the area
and the UGV in a multiplicity of directions; and a processor configured to: operate the scanning
device for executing scanning operations, comprising scanning an area surrounding the UGV,
to thereby generate respective scanning output data; generate, based on the scanning output
data, a first map representing a first part of the area, the first map being relative to a location of
the UGV and comprising a first group of cells, each of the first group of cells representing part
of the first part of the area and characterized by a first size being larger than an accumulated
drift value of the INS over a predefined distance, wherein each of the first group of cells is
classified to a class selected from at least two classes, comprising traversable and non-
traversable; generate, based on the scanning output data, a second map representing a
second part of the area, the second part being smaller than the first part, the second map
being relative to the location of the UGV and comprising a second group of cells, each of the
second group of cells representing a part of the second part of the area and characterized by a
second size being smaller than the first size and wherein each of the second group of cells is
classified to a class selected from at least two classes, comprising traversable and non-
traversable, wherein the second part at least partly overlaps the first part cross between one or
more cells from the first group of cells that is classified as non-traversable and one or more
corresponding cells from the second group of cells; deduce, from the crossing, data indicative
of whether a size of a non-traversable area includes an area which is smaller than the size of
the one or more cells from the first group of cells; receive INS data indicative of a current
location of the UGV relative to a previous location; update a location of the UGV relative to
non-traversable cells on the first map and on the second map; and navigate the UGV in
accordance with data obtained from the crossing.

[0020] According to another aspect of the presently disclosed subject matter there is provided
a computer program product comprising a computer readable storage medium retaining
program instructions, whose program instructions, when read by a processor, cause the
processor to perform a method comprising: obtaining scanning output data, the scanning
output data generated by a scanning device associated with a UGV and executing scanning
operations, comprising scanning an area surrounding a UGV, to thereby generate the
respective scanning output data; operating the processor for generating, based on the
scanning output data, a first map representing a first part of the area, the first map being
relative to a location of the UGV and comprising a first group of cells, each of the first group of
cells representing part of the first part of the area and characterized by a first size being larger
than an accumulated drift value of the INS over a predefined distance, wherein each of the first
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group of cells is classified to a class selected from at least two classes, comprising traversable
and non-traversable; operating the processor for generating, based on the scanning output
data, a second map representing a second part of the area, the second part being smaller
than the first part, the second map being relative to the location of the UGV and comprising a
second group of cells, each of the second group of cells representing a part of the second part
of the area and characterized by a second size being smaller than the first size and wherein
each of the second group of cells is classified to a class selected from at least two classes,
comprising traversable and non-traversable, wherein the second part at least partly overlaps
the first part; crossing between one or more cells from the first group of cells that is classified
as non-traversable and one or more corresponding cells from the second group of cells;
deducing, from the crossing, data indicative of whether a size of a non-traversable area
includes an area which is smaller than the size of the one or more cells from the first group of
cells; receiving INS data indicative of a current location of the UGV relative to a previous
location; updating a location of the UGV relative to non-traversable cells on the first map and
on the second map; and navigating the UGV in accordance with data obtained from the
crossing.

[0021] The system, the UGV and the computer program product disclosed in accordance with
the aspects of the presently disclosed subject matter detailed above can optionally comprise
one or more of features (i) to (xvii) listed above, mutatis mutandis, in any technically possible
combination or permutation.

[0022] Another aspect of the disclosed subject matter relates to a method of navigating an
unmanned ground vehicle (UGV), the vehicle comprising a scanning device being operatively
connected to a processor, the method comprising: operating the scanning device for executing
scanning operations, comprising scanning an area surrounding the UGV, to thereby generate
respective scanning output data; operating the processor for generating, based on the
scanning output data, a first map representing a first part of the area, the first map being
relative to a location of the UGV and comprising a first group of cells, each of the first group of
cells representing part of the first part of the area, wherein each of the first group of cells is
classified to a class selected from at least two classes, comprising traversable and non-
traversable; operating the processor for generating, based on the scanning output data, a
second map representing a second part of the area, the second part being smaller than the
first part, the second map being relative to the location of the UGV and comprising a second
group of cells, each of the second group of cells representing a part of the second part of the
area and characterized by a second size being smaller than the first size and wherein each of
the second group of cells is classified to a class selected from at least two classes, comprising
traversable and non-traversable, wherein the second part at least partly overlaps the first part
crossing between one or more cells from the first group of cells that is classified as non-
traversable and one or more corresponding cell from the second group of cells; deducing from
the crossing, data indicative of whether a size of a non-traversable area includes an area
which is smaller than the size of the one or more cells from the first group of cells; updating a
location of the UGV relative to non-traversable cells based on the first map and the second
map; and navigating the UGV in accordance with data obtained from the crossing.
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[0023] According to another aspect of the presently disclosed subject matter there is provided
a system mountable on an unmanned ground vehicle (UGV), comprising: a scanning device for
scanning an area surrounding the UGV, to thereby provide scanning output data providing
information on distances between objects in the area and the UGV in a multiplicity of directions;
a processor configured to operate the scanning device for executing scanning operations,
comprising scanning an area surrounding the UGV, to thereby generate respective scanning
output data; generate, based on the scanning output data, a first map representing a first part
of the area, the first map being relative to a location of the UGV and comprising a first group of
cells, each of the first group of cells representing part of the first part of the area, wherein each
of the first group of cells is classified to a class selected from at least two classes, comprising
traversable and non-traversable; generate, based on the scanning output data, a second map
representing a second part of the area, the second part being smaller than the first part, the
second map being relative to the location of the UGV and comprising a second group of cells,
each of the second cells representing a part of the second part of the area and characterized
by a second size being smaller than the first size and wherein each of the second group of
cells is classified to a class selected from at least two classes, comprising traversable and non-
traversable, wherein the second part at least partly overlaps the first part; crossing between
one or more cells from the first group of cells that is classified as non-traversable and one or
more corresponding cells from the second group of cells; deducing, from the crossing, data
indicative of whether a size of a non-traversable area includes an area which is smaller than
the size of the one or more cells from the first group of cells; updating a location of the UGV
relative to non-traversable cells on the first map and on the second map; and navigating the
UGV in accordance with data obtained from the crossing.

[0024] According to another aspect of the presently disclosed subject matter there is provided
an unmanned ground vehicle (UGV), comprising: a scanning device for scanning an area
surrounding the UGV, the area having at least predefined area dimensions, to thereby provide
scanning output data providing information on distances between objects in the area and the
UGV in a multiplicity of directions; and a processor configured to operate the scanning device
for executing scanning operations, comprising scanning an area surrounding the UGV, to
thereby generate respective scanning output data; generate, based on the scanning output
data, a first map representing a first part of the area, the first map being relative to a location of
the UGV and comprising a first group of cells, each of the first group of cells representing part
of the first part of the area and characterized by a first size being larger than an accumulated
drift value of the INS over a predefined distance, wherein each of the first group of cells is
classified to a class selected from at least two classes, comprising traversable and non-
traversable; generate, based on the scanning output data, a second map representing a
second part of the area, the second part being smaller than the first part, the second map
being relative to the location of the UGV and comprising a second group of cells, each of the
second group of cells representing a part of the second part of the area and characterized by a
second size being smaller than the first size and wherein each of the second group of cells is
classified to a class selected from at least two classes, comprising traversable and non-
traversable, wherein the second part at least partly overlaps the first part cross between one or
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more cells from the first group of cells that is classified as non-traversable and one or more
corresponding cells from the second group of cells; deduce, from the crossing, data indicative
of whether a size of a non-traversable area includes an area which is smaller than the size of
the one or more cells from the first group of cells; update a location of the UGV relative to non-
traversable cells on the first map and on the second map; and navigate the UGV in accordance
with data obtained from the crossing.

[0025] According to another aspect of the presently disclosed subject matter there is provided
a computer program product comprising a computer readable storage medium retaining
program instructions, whose program instructions, when read by a processor, cause the
processor to perform a method comprising: obtaining scanning output data, the scanning
output data generated by a scanning device associated with a UGV and executing scanning
operations, comprising scanning an area surrounding a UGV, to thereby generate the
respective scanning output data; operating the processor for generating, based on the
scanning output data, a first map representing a first part of the area, the first map being
relative to a location of the UGV and comprising a first group of cells, each of the first group of
cells representing part of the first part of the area, wherein each of the first group of cells is
classified to a class selected from at least two classes, comprising traversable and non-
traversable; operating the processor for generating, based on the scanning output data, a
second map representing a second part of the area, the second part being smaller than the
first part, the second map being relative to the location of the UGV and comprising a second
group of cells, each of the second group of cells representing a part of the second part of the
area and characterized by a second size being smaller than the first size and wherein each of
the second group of cells is classified to a class selected from at least two classes, comprising
traversable and non-traversable, wherein the second part at least partly overlaps the first part;
crossing between one or more cells from the first group of cells that is classified as non-
traversable and one or more corresponding cells from the second group of cells; deducing,
from the crossing, data indicative of whether a size of a non-traversable area includes an area
which is smaller than the size of the one or more cells from the first group of cells; updating a
location of the UGV relative to non-traversable cells on the first map and on the second map;
and navigating the UGV in accordance with data obtained from the crossing.

[0026] The method, system, UGV and computer program product disclosed in accordance with
the aspects of the presently disclosed subject matter detailed above can optionally comprise
one or more of features (i) to (xvii) listed above, mutatis mutandis, in any technically possible
combination or permutation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] In order to understand the invention and to see how it can be carried out in practice,
embodiments will be described, by way of non-limiting examples, with reference to the
accompanying drawings, in which:
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Fig. 1 illustrates a schematic block diagram of a navigation system of a UGV, in accordance
with certain examples of the presently disclosed subject matter;

Fig. 2 shows a schematic illustration exemplifying an environment in which a UGV has to
navigate;

Fig. 3 illustrates a generalized flow-chart of a method for navigating a UGV in the presence of
obstacles using two maps, in accordance with certain examples of the presently disclosed
subject matter;

Fig. 4 illustrates visual representations of two maps of an environment, in accordance with
certain examples of the presently disclosed subject matter;

Fig. 5 illustrates a schematic block diagram of a navigation system of a UGV using two maps
and an INS, in accordance with certain examples of the presently disclosed subject matter; and

Fig. 6 illustrates a generalized flow-chart of a method for navigating a UGV in the presence of
obstacles using two maps and an INS, in accordance with certain examples of the presently
disclosed subject matter.

DETAILED DESCRIPTION

[0028] In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by those
skilled in the art that the presently disclosed subject matter may be practiced without these
specific details. In other instances, well-known methods, procedures, components and circuits
have not been described in detail so as not to obscure the presently disclosed subject matter.

[0029] Unless specifically stated otherwise, as apparent from the following discussions, it is
appreciated that throughout the specification discussions utilizing terms such as "processing”,
"computing”, "determining”, "representing”, "comparing", "generating”, "assessing", "matching",
"updating”, "creating” or the like, refer to the action(s) and/or process(es) of a computer that
manipulate and/or transform data into other data, said data represented as physical, such as
electronic, quantities and/or said data representing the physical objects.

[0030] The terms "processor”, "computer"”, "processing unit" or the like should be expansively
construed to include any kind of electronic device with data processing circuitry, which includes
a computer processor as disclosed herein below (e.g., a Central Processing Unit (CPU), a
microprocessor, an electronic circuit, an Integrated Circuit (IC), firmware written for or ported to
a specific processor such as digital signal processor (DSP), a microcontroller, a field
programmable gate array (FPGA), an application specific integrated circuit (ASIC), etc.) and
possibly a computer memory and is capable of executing various data processing operations.
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[0031] The operations in accordance with the teachings herein may be performed by a
computer specially constructed for the desired purposes or by a general-purpose computer
specially configured for the desired purpose by a computer program stored in a computer
readable storage medium.

[0032] In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by those
skilled in the art that the presently disclosed subject matter can be practiced without these
specific details. In other instances, well-known methods, procedures, components and circuits
have not been described in detail so as not to obscure the presently disclosed subject matter.

[0033] Figs. 3 and 6 are flowcharts illustrating operations of respective processes, in
accordance with the presently disclosed subject matter. In embodiments of the presently
disclosed subject matter, fewer, more and/or different stages than those shown in Figs. 3 and 6
may be executed. In embodiments of the presently disclosed subject matter one or more
stages illustrated in Figs. 3 and 6 may be executed in a different order and/or one or more
groups of stages may be executed simultaneously. For example, block 306 in Fig. 3 can be
executed together or following the execution of block 308.

[0034] Figs. 1 and 5 illustrate a general schematic of the system architecture in accordance
with an example of the presently disclosed subject matter. Each module in Figs. 1 and 5 can
be made up of any combination of software, hardware and/or firmware that performs the
functions as defined and explained herein. The modules in Figs. 1 and 5 may be centralized in
one location or dispersed over more than one location. In different examples of the presently
disclosed subject matter, the system may comprise fewer, more, and/or different modules than
those shown in Figs. 1 and 5.

[0035] The term "unmanned ground vehicle” (UGV) as used herein should be expansively
construed to include any kind of a vehicle that can be operated either autonomously, by a tele-
operator, or by an on-board driver who cannot see the environment and steers the vehicle e.g.
in accordance with a map or with explicit steering instructions. A UGV in accordance with the
description is equipped with a scanning device configured to scan the area surrounding the
UGV, and an INS configured to provide positioning data of the UGV.

[0036] The term "scanning device" as used herein should be expansively construed to include
any kind of device configured to identify that an object is present at a specific distance and at a
specific direction relative to the device. Examples of scanning devices include, but are not
limited to: laser scanners (including LIDAR), RADAR, images sensor, sonar, etc. A scanning

device can scan for example, 3600 on a plane surrounding the device, or in some other smaller

scanning angle (e.g. 1809). Alternatively, the scanning device can scan a sphere or part
thereof around the UGV. A scanning device can provide information for generating a 3-
dimensional map of the scanned area. In some examples, in order to save resources, a 2.5-
dimensional map can be generated, as detailed below.
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[0037] The term "map" as used herein should be expansively construed to include any data
structure representing a geographical area. A map can be absolute, i.e., comprise indications
of absolute coordinates of an object or a location, or relative, i.e., comprise information on
locations or objects, regardless of their locations in absolute coordinates. A map can be
represented on a computerized display device, on paper, or on any other tangible medium. In
some examples of the disclosure, a 2.5-dimensional map can be generated and used. A 2.5-
dimensional map relates to a map which indicates the lowest height of an obstacle above the
ground, i.e., the vertical distance between the ground and the obstacle at each ground
location. In other words, there is provided, for each ground location, the height of the free
space above the ground. Thus, the information indicates, for each location, the clearance
height for a UGV, for example the lowest height of a treetop or a bridge at a certain point. It will
be appreciated that for obstacles that are on the ground, such as a house or a trunk of a tree,
this height can be indicated as zero. The clearance height can be taken into account for path
planning purposes, when determining, for example, whether the UGV can pass under a tree or
a bridge.

[0038] Reference is now made to Fig. 1, showing a schematic block diagram of a navigation
system of a UGV, in accordance with some examples of the disclosure.

[0039] UGV 100 comprises navigation system 102. It will be appreciated that navigation
system 102 can comprise components, some of which can also serve other purposes, and that
components of navigation system 102 can be located at different parts of UGV 100. Further,
navigation system 102 can also receive services from and communicate with other
components of UGV 100.

[0040] Navigation system 102 can comprise or be otherwise operatively connected to a
scanning device 104 configured to scan an area surrounding the vehicle, and provide scanning
output data for generating maps, as further described below.

[0041] Navigation system 102 can further comprise or be otherwise operatively connected to
vehicle control sub-systems 112 including for example steering control unit, gear control unit,
throttle control unit, etc. Vehicle control sub-systems 112 are configured to receive vehicle
control instructions (e.g., steering commands) and control UGV 100 accordingly. The
instructions can be absolute or relative, for example an absolute instruction can be "go 20 m
north", while a relative instruction can be "continue straight for 20 m" or "gas 30%, yaw rate
50%".

[0042] Navigation system 102 can further comprise destination obtaining unit 116 for obtaining
a destination to which UGV 100 has to arrive. Destination obtaining unit 116 can comprise or
utilize components such as but not limited to a Global Positioning System (GPS), a
communication unit for receiving a location or instructions from an external source, a camera
and a computerized vision system for capturing images of the environment and identifying in
the images a predetermined sign indicating a target destination. The indication can include for
example visible or invisible light, a predetermined gesture performed by a person or a
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machine, or the like.

[0043] UGV 100 can further comprise computer storage device 120 for storing information
such as one or more maps, information on obstacles, navigation instructions, or the like.

[0044] Navigation system 102 can further comprise or be otherwise operatively connected to
one or more processing units for controlling and executing various operations, as disclosed
herein. Each processing unit comprises a respective processing circuitry comprising at least
one computer processor which can be, for example, operatively connected to a computer-
readable storage device having computer instructions stored thereon to be executed by the
computer processor.

[0045] According to one example, different functional elements (units, modules) in navigation
system 102 can be implemented as a dedicated processing unit comprising a dedicated
computer processor and computer storage for executing specific operations.

[0046] Additionally or alternatively, one or more functional elements can be operatively
connected to a common processing unit configured to execute operations according to
instructions stored in the functional elements.

[0047] For example, navigation system 102 can comprise a computer or processing unit (e.g.
processor 124), which can be configured to execute several functional modules in accordance
with computer-readable instructions stored on a nontransitory computer-readable medium
(e.g. storage device 120) operatively connected to processor 124. For illustrative purposes
such functional modules are referred to hereinafter as comprised in the processor.

[0048] Processor 124 can comprise by way of example, path generation or updating module
128, maps generation and updating module 132, and steering commands generation module
136.

[0049] Maps generation or updating module 132 can be configured for receiving readings from
scanning device 104 and creating or updating at least a large map and a small map
representing large and small areas, respectively, and comprising cells representing large and
small parts of the areas, respectively.

[0050] In some examples, since scanning device 104 scans around UGV 100, the maps can
represent UGV 100 at their centre, and represent obstacles in locations relative to UGV 100.
As part of the maps creation or updating, information related to one or more obstacles can be
crossed, and the obstacles, or the cells containing the obstacles in either map, can be
classified accordingly, as detailed below.

[0051] Path generation or updating module 128 can be configured to determine a path from a
current location of UGV 100 to the obtained destination, wherein the path avoids obstacles.
According to one example, the path planning is generally based on the large map, but can use
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information on the obstacles obtained by crossing information from the two maps, as detailed
below.

[0052] Steering commands generation module 126 can be configured to generate steering
commands for controling UGV 100. Steering command can be generated for example for
following the planned path, based on the path and on a current location of UGV 100. For
example, if UGV 100 gets too close to an obstacle, steering commands can be generated so
as to keep UGV 100 at a safe distance from the obstacle. UGV 100 advances in accordance
with the steering commands within the area adjacent to UGV 100. Accordingly, in some
examples, the commands are generated in accordance with both maps, wherein the instruction
generation includes crossing information between the maps, as detailed below.

[0053] Referring now to Fig. 2, this shows a schematic illustration of an example of an
environment in which UGV 200 has to navigate from a current location to target location 212.
The environment may comprise obstacles such as positive obstacle 204, which is above
ground level, negative obstacle 208 which is below ground level, overhead obstacle 205 such
as a tree or a bridge, steep terrain 206 which may be for example a back, side or front slope.
All these obstacles are non-traversable for UGV 200 and have to be avoided. It will be
appreciated that some objects present an obstacle when accessed from one side, but not
when accessed from another side. For example, a ramp may present an obstacle when
accessed from the side, but not when accessed from the front or back.

[0054] Traditional methods for navigating within an area in the presence of obstacles include
generating a map of the area comprising indications of obstacles and optionally a target
location or destination and using the map for planning and tracking a path. Although using a
high resolution map of an area as large as possible (e.g., largest area for which information is
available) can serve the two purposes, creating such a map is costly in terms of time and
computer resources. Due to these limitations, these types of maps cannot be created and
updated as often as required while the UGV advances. Moreover, planning a path based on
such maps can also require intensive computations, due to the large amount of data.

[0055] Thus, some examples of the disclosure include generating a small map and a large
map, and crossing information related to obstacles between the two maps.

[0056] Generating and using two maps provides for executing the required operations while
benefiting from the advantages of a high resolution map in spite of limited computer processing
resources, including, for example, time, storage space and processing power. Thus, in some
examples larger scale operations including planning a path can be performed using a large
area low-resolution map, while local operations, such as generating steering commands
(including commands directed for avoiding obstacles), are done using a smaller high resolution
map. Operations can be executed using information crossing between the two maps.

[0057] Referring now to Fig. 3, this shows a method for navigation within an area. Operations
are described below with reference to elements in Fig. 1, however this is done by way of
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example only and should not be construed as limiting.

[0058] At block 300, information including data characterizing the area to be traversed as well
as the operational parameters of UGV 100 and navigation system 102 are received. For
example, processor 124 can receive (300) such information at the onset of vehicle navigation.
The data can include, but is not limited to, the size or location of the area to be traversed,
obstacle density, UGV maximal or average velocity within the terrain, scanning distance,

scanning angle (360° or less) and scanning resolution (e.g. every 19, 29, etc.) of one or more
scanning devices comprised by the UGV, maximal or expected velocity of the UGV within the
area, or the like. Processor 124 can be configured to determine map parameters of two or
more maps, such as the size of the area represented by each map, map cell size for each
map, or the like, as detailed below. It will be appreciated that in some examples the maps
representing the area surrounding the UGV are square. However, in other examples the map
can be rectangle, or have some other shape.

[0059] At block 302 data is repetitively received from a scanning device, such as scanning
device 104 of Fig. 1. The scanner is operated to scan an area around the vehicle and generate
scanning output data, comprising one or more readings of distances from the UGV to objects
at any direction. A processor such as processor 124 can receive the scanning data output. The
scanner is operated to provide the readings repeatedly, at a rate depending on the device

capabilities, user settings, or the like. The readings can be received for a full cycle (360°)
around the device, or for a smaller angle, such as 1800, 2709, or the like. The readings can be

received at a predefined resolution, such as every 0.5°, every 10, every 20, or the like,
horizontally and vertically. It will be appreciated that scanning output data can be received from
multiple scanners operatively connected to the UGV, which can be combined for generating the
maps. It will be appreciated that the height of various objects in the area of the UGV can be
determined upon the readings in various vertical directions, thus providing 3-dimensional
information. However, in order to save resources, a 2.5-dimensional map can be generated,
updated and used, as detailed above.

[0060] At blocks 306 and 308, a large map and a small map, respectively, can be generated
when the first readings are received, and then re-generated or updated upon receiving
subsequent readings. It will be appreciated that the maps can alternatively be generated or
updated in the reverse order or simultaneously. The maps can be generated or updated based
on the scanning output data, e.g., by processor 124 executing maps generation or updating
module 132. It will be appreciated that the maps are initially generated based upon scanning
output data received from scanner 104, after which the maps can be updated based on further
scanning output data. According to some examples, each map can be generated and updated
such that it is centred around the UGV and the locations of obstacles in the area of the UGV
are indicated relative to the UGV. It will be appreciated that the maps generation can also
utilize additional information, such as existing roads, information on areas that can or cannot
be traversed, information obtained from image analysis, information indicating whether certain
objects are obstacles or not, or the like, which may be obtained from other sources.
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[0061] Each map can comprise a grid of cells, wherein each cell represents part of the map
area. According to some examples each cell is classified to one of the at least following
classes: non-traversable cell (i.e., representing an area comprising an obstacle or part thereof
that should thus be avoided); and traversable cell (i.e., representing an area not comprising an
obstacle). In some examples, a cell can also be classified as unknown.

[0062] It will be appreciated that initially all cells can be classified as unknown. As the UGV
gets closer to areas represented by unknown cells, their class can become clear and they can
then be classified into traversable or non-traversable. Otherwise, in some examples,
determining whether an area represented by a cell with unknown class is traversable or not,
can be based on the specific task to be performed, or other factors.

[0063] A cell is classified in accordance with the readings related to locations represented by
the cell. In some examples, a scanner reading, indicating an obstacle within an area
represented by a cell, renders the whole cell non-traversable. In other examples, a multiplicity
of such readings can be required in order to render the cell non-traversable, such that false
indications resulting from noise are avoided. It will be appreciated that in other examples,
further criteria can be applied for classifying a cell as traversable or non-traversable. However,
a cell classified as traversable ensures that the area represented by the cell is free of
obstacles.

[0064] In some examples, readings can be received from multiple scanners and integrated. In
such cases, an area can be indicated as non-traversable with or without regarding the number
of scanners that provide readings related to the area represented by the cell.

[0065] In some examples, additional information can be associated with one or more cells on
either map, or with obstacles if the internal representation also maintains a collection of
obstacles. For example, a non-traversable cell or obstacle can be associated with a size
indication, for example tiny, small, medium, large and huge, or any other scale, wherein the
size indication can be determined in accordance with the obstacle area, at least one dimension
of the obstacle, or a combination thereof. In a non-limiting example, a tiny object indication can
be assigned to an object having an area up to the area of one small cell (i.e. cell of the small
map), a small object indication can be assigned to an object having an area up to the area of
one large cell (i.e. cell of the large map), a medium object indication can be assigned to an
object having an area up to the area of four (2*2 or 1*4) large cells, a large object indication
can be assigned to an object having an area up to the area of (3*3, 4*2 or the like) nine large
cells, and a huge object indication can be assigned to any object taking up an area of more
than nine large cells. It will be appreciated, though, that other indication schemes can be used,
such as small, medium and large. It will be further appreciated that the indications can vary in
accordance with the type of vehicle, the available resolution, the terrain, the task to be
performed, or the like.

[0066] It will be appreciated that the size indication associated with an obstacle can be
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determined by the total size of cells indicated as non-traversable in one or more of the maps.
For example, an obstacle taking up at least 3*3 cells in the large map can be considered a
huge obstacle based on the large map only; an obstacle taking up one cell located on an edge
of the small map can be indicated as small, medium, large or even huge if it takes up two or
more cells in the large map, depending on the number of cells it takes up in the large map; an
object taking up one cell in the large map can be indicated as tiny or small if it takes up one or
two cells in the small map, respectively, or the like. The size can be determined, maintained in
association with the obstacle, and re-used when constructing further maps, such that some
real-time calculations can be avoided. Thus, for example, even if a small portion of an obstacle
is shown at an edge of a map, an indication that the object is large can be available, and vice
versa: an object taking up one, two or more cells in the large map can still be tiny or small, for
example if the obstacle is located on the border of two or more cells, or on a corner of four
cells.

[0067] In some examples, obstacles or cells comprising obstacles can also be classified into
types, based on the obstacle shape or on predetermined knowledge. For example, an obstacle
having a small area but significant height can be classified as a column. Obstacles can also be
classified based on whether they are positive, i.e., above ground level, or negative, i.e. below
ground level, such as a ditch.

[0068] In some examples, the large map can represent an area of 50-200 meters in each
dimension, and each cell can represent an area of about 40-100 cm in each dimension.

[0069] In some examples, the small map can represent an area of 5-30 meters in each
dimension, and each cell can represent an area of about 10-30 cm in each dimension.

[0070] In some examples, both maps are centred around the UGV, thus the area represented
by the small map is generally represented by the large map as well, but with coarser
resolution.

[0071] Reference is now made also to Fig. 4, showing a pair of maps 400 and 400’ according
to one non-limiting example presented for the purpose of demonstrating certain principles of
the presently disclosed subject matter. Map 400 represents an area, sized for example any

one of: 5m*5m, 12m*12m, 24m*24m or the like, wherein each cell represents an area of any
one of: 0.1*0.1m, 0.2*0.2m, or the like. Map 400' represents a larger area, for example any
one of: 30mM*30m, 50m*50m, 70m*70m, or the like, wherein each cell represents an area of
any one of: 0.5*0.5m, 0.8*0.8m, or the like.

[0072] In the non-limiting example of Fig. 4, each cell of map 400' is represented as four (2*2)
cells in map 400. Thus, map 400 represents a smaller area at finer resolution than map 400'.
The area covered by map 400 is shown in map 400" as area 422, as also indicated by the
dashed lines.

[0073] Maps 400 and 400' can be created, as described in association with blocks 306 and
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308 above, based on readings provided by the scanning device, and represent the respective
areas at a particular point in time. It will be appreciated that at other points of time, due to new
readings obtained after the UGV has moved, the obstacles can be located at different places
relative to the UGV. Some obstacles, such as humans or animals, can appear or disappear in
subsequent maps.

[0074] Maps 400 and 400" are centred around UGV 404, and show obstacles in the respective
areas. The obstacles represented as areas 408, 412, 416, 420, 424 and 428 of map 400 are
shown also in map 400’ as areas 408', 412', 416', 420", 424' and 428', respectively. It will be
appreciated that obstacles are represented as cells, wherein each cell in each map is indicated
as either traversable or non-traversable. According to the presently disclosed subject matter,
an "all or nothing" rule is implemented which defines that an obstacle located within the area of
a cell renders the entire cell as non-traversable, even if the obstacle covers only part of the cell
area. Thus, even an obstacle that is significantly smaller than the size of the area represented
by a cell will cause at least one cell to be indicated as non-traversable. Due to this
discretization, the obstacle sizes in maps 400 and 400' are not necessarily proportional, and
sometimes not even of the same shape. For example, a small obstacle that is located within
one cell of the small map will cause that small cell to be indicated as non-traversable, while the
same obstacle when located at the corner of four cells and partly overlapping four cells of the
large map, will cause the four large cells to be classified as non-traversable. It will be
appreciated that the opposite case is also possible, wherein an obstacle is located within one
large cell, but on the corner of four small cells. Even further, if the obstacle is located on the
border between two small cells (covering a part of each cell area), the two small cells will be
indicated as non-traversable, resulting in different proportions for the obstacle in the two maps.
For example, an obstacle depicted on the border of two small cells will be shaped as a
rectangle, while the same obstacle when located within one large cell will be shaped as a
square. In another example, as a result of the 'all or nothing' rule, an obstacle covering a single
cell 428 in the small map, can also cause a corresponding single cell 428' in the large map to
be classified as non-traversable. Crossing information between the two maps will show that the
actual obstacle is smaller than the area of a cell in the large map.

[0075] Map 400 can be used for planning a path to a destination, wherein obstacles are to be
avoided. Commands for steering the UGV can then be provided based on map 400", upon the
tracked changes in the location of the UGV.

[0076] Planning the path and generating the commands can include crossing information
(block 310) between the maps in one or more ways as detailed below.

[0077] Crossing the information (block 310) can be performed by processor 124 during
execution of maps generation or updating module 132. Alternatively, operation described with
reference to block 310 can be performed as part of other operations described with reference
to other blocks such as block 318 or block 320, which are detailed below.

[0078] Crossing the information between the maps can include associating one or more
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obstacles with attributes, based on information from the large map and the small map.

[0079] For example, the size of an obstacle represented by a single non-traversable cell in the
large map can be determined to be smaller than the cell size of the large map, if it is
represented by one or more cells in the second map that cover an area which is smaller than
the area of the large cell. For example, if the obstacle is represented in the small map by a
single non-traversable cell (overlapping in location with the location of the obstacle in the large
map) then the obstacle is of size equal or smaller than a small cell. In such cases, the obstacle
can be treated differently, for example ignored or overrun, or the vehicle can possibly run over
an area that is part of the large cell without hitting the obstacle.

[0080] It will be appreciated that comparing the obstacle size between the maps can also be
performed for obstacles taking two blocks of the large map having a common edge, wherein
the obstacle is located on the border and has partial overlap with the area represented by each
cell. Similarly, an obstacle can be located on a corner common to three or four cells of the
large map and occupy part of the area represented by each cell. Thus, in this case, an
obstacle or a cell in the large map can be classified as tiny if its size is represented by at most
a single cell in the small map, or small if its size is represented by at most a single cell in the
large map. It will be appreciated that further attributes can be considered, for example a height
of the obstacle e.g., a box having height of 20cm can be ignored, while a three-meter pole
cannot be ignored.

[0081] In another example, an obstacle represented as one or more non-traversable cells
located on an edge of the small map, for example on the first or last row or column of cells of
the small map, can be determined to be larger than the obstacle's area, as inferred from the
small map. Such indication can be deduced from one or more non-traversable cells of the
large map representing areas adjacent to the relevant small cell(s). Thus, in this example, an
obstacle or a cell in the small map can be thus indicated as a large obstacle.

[0082] Referring back to Fig. 3, at block 312, a destination to which the UGV has to arrive, can
be obtained, for example by processor 124. The destination can be represented as absolute or
relative coordinates. The destination can be obtained for example via a communication
channel. Alternatively, the destination can be obtained by manually or automatically searching
and identifying a predetermined sign indicating the target destination. The predetermined sign
can be for example, a pointer emitting visible or invisible light, a location in which a
predetermined gesture is performed by a person or a machine, or the like. It will be
appreciated that the mentioned options are provided by way of example only and any other
method of obtaining a destination can be used instead. In some examples, the destination can
change during navigation.

[0083] At block 316, a location of the UGV can be obtained, for example from a Global
Positioning System (GPS) or from another source, for example an Inertial Navigation System
(INS) associated with the UGV.
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[0084] At block 318, a path is updated or generated from the current location to the destination
to which the UGV has to arrive, for example by using the large map and additional information,
including indications obtained by crossing the large map with the small map, such as
indications of a small obstacle. The path generation or updating can be performed by
processor 124,

[0085] The path can be determined so as to avoid obstacles indicated in the maps by non-
traversable cells. The path determination can also take into account dangerous objects as
determined from a 2.5-dimensional map, for example steep or otherwise dangerous slopes.
However, path determination can also be performed upon a 2-dimensional or 3-dimensional
map. Path determination can also take into account objects such as ramps. Ramps may
constitute a traversable slope when accessed from one or more directions, for example the
ascending or descending direction, and a non-traversable obstacle when accessed from the
side, a direction from which the ramp may constitute a dangerous slope.

[0086] Path generation or updating block 128 can use any path planning method that is
currently known or will become known in the future. The path can include one or more way
points. The path determination can take into account additional data characterizing the
environment, such as existing roads which are to be used or avoided such that they are not
damaged by the UGV.

[0087] The path can be updated in response to new scanning output data received from the
scanning device, in response to update in the destination, or in response to update in the
location of the UGV.

[0088] At block 320 steering commands are generated for the UGV, in order for the UGV to
track the planned path. The steering commands can be generated in response to update in the
location of the UGV, which can be at a higher frequency than the map updates, for example
every 2-50 milliseconds. Thus a steering command can be generated each time an indication
of a location of the UGV is received, from a GPS system or any other source as disclosed
below. Thus, one or more steering commands can be generated for each map update. During
generation of the steering commands, the areas adjacent to the UGV can be taken into
account, thus the commands can be determined based on the small map. However,
generating the commands can consider the "large obstacle" indications that can be associated
with one or more obstacles located on an edge of the small map, whose indications are
obtained by crossing information with the large map.

[0089] Vehicle control sub-system can then steer the UGV in accordance with the commands.
[0090] It will be appreciated that the disclosed method can also be used with more than two
maps, wherein each task of the UGV uses a map of the appropriate size and resolution, and

information can be crossed between any two different maps.

[0091] In some examples, the disclosed subject matter can be used for navigating a UGV
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using a hybrid approach. In the hybrid approach, a path of the UGV is generated or updated
using a large map of the environment and information crossed with a small map, as detailed
above. The location of the UGV is repeatedly obtained from an Inertial Navigation System
(INS) implemented as part of navigation system 102, or otherwise mounted on the UGV. INS
data can comprise information on a change in the position, velocity and acceleration of the
UGV since a previous reading, thus enabling a processor to determine an updated location of
the UGV relative to the obstacles. Based upon the path and the updated location, steering
commands can be generated for advancing the UGV in a safe manner. According to some
examples, the commands are generated based upon the small map, with information crossed
with the large map.

[0092] The INS provides for avoiding problems of other location-obtaining devices, such as
GPS, which is insufficiently accurate and suffers from discontinuities which can lead to
collisions with obstacles or entering non-traversable areas. In case readings from the INS are
received at a higher frequency than the readings of the scanning device, the location of the
UGV relative to the obstacles can be updated more often than the map updates. In such cases
the steering commands can be generated to better adjust the advancement of the UGV within
the area. For example, if the INS readings indicate that the UGV is at a distance smaller than a
threshold from an obstacle, a steering command that keeps the UGV at a safe distance from
the obstacle can be provided.

[0093] The cell size of the cells in each map can be selected to be larger than the maximal drift
that can occur when calculating locations based on the INS during the traversal over some
predefined distance (referred to herein as "free-inertial approach”; free inertial navigation
approach is also described in Patent Application PCT/IL2018/050208 to the Applicant dated
February 22, 2018). According to one example, the predefined distance is a distance which is
equal to half the edge size of the area depicted by the associated map (assuming that the UGV
is located at the center of the map). For example, if the large map represents an area of 70m
by 70m, a deviation of one degree over half the length of the map (35m) amounts to about
61cm, (35*an(1)=0.61). Therefore, if a cell size larger than 61cm is selected for the large map,
the presence of an obstacle, even an obstacle smaller than 61 cm, makes one or more cells of
the large map in which at least a part of the object is comprised, into non-traversable.
Therefore, since all obstacles are depicted relatively to the UGV, and wherein each cell of each
map is larger than the possible drift over half the map size, then even without updating parts of
the map while the UGV advances, which is an assumption that is stricter than the expected
situation, the UGV can safely navigate without colliding into obstacles notwithstanding the
inherent drift of the INS.

[0094] In some examples, the small map represents an area of 24m by 24m, wherein a
deviation of one degree over half the length of the map (12m) amounts to about 61cm,
(35*tan(1)=0.21). Therefore, each cell can represent an area of about 21cm by 21cm.

[0095] In other examples, the cell size can be selected in accordance with other conditions,
such as the maximal drift over a full size of the map, or in accordance with other
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considerations.

[0096] Although theoretically, and under the assumption that limitation of resources such as
time and processing power are disregarded, accurate path planning and navigation can be
done using a large map with high resolution. This is not a possibility when using the free-
inertial approach: since the area of each cell in the map is determined based on the INS drift
over a certain distance, the predefined cell size sets a limit on the resolution of the map.
Therefore reducing the cell size to increase the map resolution can be done only if the map
size is reduced as well. Thus, a combination of large and small maps as described above is
required to remedy the deficiencies of any one map and provide a desired resolution as well as
cover a desired mapped area (e.g., 70m).

[0097] In some examples the maps are constantly updated, such that with every update the
UGV remains at the center of each map, while the locations of obstacles in the area changes
relative to the UGV. As the UGV advances within the area, peripheral areas of each map on
the sides to which the UGV is advancing get closer to the center, and new areas are mapped
and added to the map, while peripheral areas of the map on the other sides are not depicted in
the updated map, since the covered area no longer includes them.

[0098] Reference is now made to Fig. 5, showing a navigation system of a UGV using two
maps and an INS, in accordance with some examples of the disclosure.

[0099] Analogously to Fig. 1 above, UGV 500 comprises navigation system 502. Navigation
system 502, similarly to navigation system 102 comprises scanning device 104, vehicle control
sub systems 112, destination obtaining unit 116, storage device 120 and processor 124.

[0100] UGV 500 can further comprise inertial measurement unit (IMU) 510 providing
acceleration data of the UGV, and inertial measurement system 514 tracking the position,
velocity, and orientation of an object based on the IMU output data. In some examples, INS
514 comprises IMU 510 to form a self-contained navigation system which uses measurements
provided by IMU 510 to track the position, velocity, and orientation of an object relative to a
starting position, orientation, and velocity.

[0101] Processor 124, in addition to path generation/updating module 128 and steering
commands generation module 136 detailed in association with Fig. 1 above, can also comprise
updated location calculation module 526 for determining the location of the UGV relative to
obstacles, based on a previous relative location and the change in the location as received
from INS 514. Relative maps generation/updating module 532 is analogous to maps
generation/updating module 132 of Fig. 1, wherein the maps are centred around UGV 500 and
the obstacles are indicated at locations relative to UGV 500.

[0102] Reference is now made to Fig. 6, showing a flowchart of a method for navigating a UGV
using two maps and an INS in the presence of obstacles, in accordance with some examples
of the disclosure.
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[0103] Analogously to Fig. 3 above, at block 300 information including data characterizing the
area to be traversed as well as the operational parameters of the UGV 500 and navigation
system 502 can be received, for example by a processor such as processor 124.

[0104] At block 302 data scanning output comprising one or more readings of distances from
the UGV to the closest object at any particular direction can be received from scanning device
104. Scanning device 104 can be operated by processor 124, by an internal clock, or by any
other component to perform scanning operations. The data is received repeatedly as new
readings are provided.

[0105] At blocks 606, 608, at least a large relative map and a small relative map of the area
can be generated or updated by relative maps generation/updating module 532, as detailed in
association with blocks 306, 308 of Fig. 3 above. The maps are relative, such that the UGV is
located at their center, thus the area represented by the small map is included in the area
represented by the large map.

[0106] The size of the area represented by the large map can be determined in accordance
with the range and accuracy of the scanning device. For example, a scanning range of 35m in
each direction with accuracy appropriate for the terrain and task, provides for a large map
representing a square having an edge of double the scanning distance, i.e., 70 m.

[0107] In order for the small map to provide significantly higher resolution, the cell size of the

small map can be selected, for example, to be 0.1m*0.1m, and the small map can cover an
area of 14m™* 14m.

[0108] In some further examples, the square obtained in accordance with the calculated edge
of either map can be further increased as follows: the scanner generally provides readings
around the UGV, therefore a circumcircle can be defined for the square. Then, since round
maps may be inconvenient, a circumgon square can be defined for the circumcircle. The map
edge size can then be set to the size of the circumgon edge size. This amounts to multiplying
the obtained distance by the square root of two, i.e., about 1.41. The instruction update rate
can be set in accordance with the braking distance of the UGV in the specific terrain.

[0109] It will be appreciated, however, that the size of the area represented by either map can
be determined in accordance with additional or different parameters, such as the size of the
area to be traversed, the scanning range and precision of the scanning device, INS drift,
computation capabilities available for the UGV, or other factors. According to some examples
the size of the area represented by the large map is in the order of magnitude of tens of
meters, such as 50m to 200m in each dimension, commands, and the size of the area
represented by the small map is in the order of magnitude of tens of meters, such as 5m to
30m in each dimension.

[0110] At block 310, information can be crossed between the large map and the small map,
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e.g. by one or more of relative maps generation/updating module 532, path
generation/updating module 128 or steering commands generation module 136. Crossing the
information can comprise associating additional information with respect to one or more cells
or obstacles. In one example, a small obstacle indication can be associated with an obstacle
having overlap with areas represented by up to four cells in the large map, wherein the
indication is determined based on the obstacle size as indicated in the small map. In another
example, an object taking up a single cell on an edge of the small map can be indicated as a
larger object if parts thereof are contained in two or more cells of the large map, in which case
it seems as a single-cell obstacle in the small map only due to the relatively small map
coverage area.

[0111] The combination of the two maps provides more accurate mapping data of the
surrounding area that allows the generation of more accurate steering commands for
manoeuvring the vehicle.

[0112] At block 312, a destination to arrive at can be obtained, as disclosed in association with
Fig. 3 above.

[0113] At block 610, one or more readings are received from INS 514 (e.g. received by
processor 124), indicating a current location of the UGV relative to a previous location. The
readings can be provided by INS 514 at a rate depending on the capabilities of INS 514, user
settings, or the like.

[0114] At block 614, the location of areas represented on the map by non-traversable cells
relative to the UGV is updated (e.g. by processor 124) in accordance with the INS data.
Although the location update relates to the UGV, it will be appreciated that updating the
location of the UGV relative to the cells can be performed by maintaining the location of the
UGV and updating the relative location of the cells.

[0115] In case an obstacle which has been identified in a previous scan is not detected in the
latest scan, due for example to the proximity between the obstacle and the UGV, the obstacle
updated location relative to the UGV can still be determined based on its previously determined
location and in accordance with the updated INS data. The relative location can be used in
updating the maps (blocks 606, 608).

[0116] At block 316 path to the destination which avoids the obstacles can be generated or
updated, for example by path generation/updating module 128. The path can be based upon
the large map, with the information crossed with the small map. For example, a tiny obstacle
can be disregarded by the path. Generating or updating the path can thus use the maps, the
destination and the updated location of the UGV relative to the obstacles as determined at
block 614.

[0117] At block 320 steering command scan be repeatedly generated based on the path and
the updated location, for example by steering commands generation module 136. Steering
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commands can be generated each time a map is generated or updated, or upon each update
in the location of the UGV. The steering commands can be determined in accordance with the
small map, while taking into account information crossed with the large map.

[0118] A steering module of the UGV can steer the UGV in accordance with the global path as
updated using vehicle control sub systems 112.

[0119] It will be appreciated that any two of the cycles of obtaining the destination, receiving
the scanning device readings and receiving the IMU readings, may, or may not be,
synchronized. By way of a non-limiting example the scanning device readings can be obtained
every 10-500 milliseconds, e.g., 25 milliseconds, and the IMU readings can be obtained every
2-50 milliseconds, e.g., 20 milliseconds. Steering commands can be issued for example at 2-
20Hz.

[0120] It is noted that the teachings of the presently disclosed subject matter are not bound by
the described with reference to the components described on Fig. 1 and Fig. 5, and to the
blocks described on Fig. 3 and Fig. 6. Equivalent and/or modified functionality can be
consolidated or divided in another manner and can be implemented in any appropriate order
or combination of software, firmware and hardware and executed on a suitable device.
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Krav

1. En metode til autonom navigation af et keretej (100), hvor metoden omfatter:

modtagelse af scanningsoutputdata genereret af en scanningsenhed (104), der scanner et

omrade omkring keretgjet (100), hvor scanningsenheden (104) er ombord pa keretejet (100);

modtagelse af inertialnavigationssystem (INS) data, der indikerer en aktuel placering af
keretejet (100) i forhold til en tidligere placering, hvor INS er om bord pa keretejet (100);

betjener mindst én computer (124) til:

generering, baseret pa scanningsoutputdataene, et forste kort med en forste kortsterrelse, hvor
det forste kort er i forhold til en placering af keretejet (100) og omfatter en forste gruppe af
celler, hver celle i den ferste gruppe af celler er kendetegnet ved en forste storrelse og er
klassificeret til en klasse udvalgt fra mindst to klasser, der omfatter traversabel og ikke-

traversabel,

generering, baseret pa scanningsoutputdataene, et andet kort med en anden kortsterrelse, hvor
den anden kortsterrelse er mindre end den forste kortstarrelse, det andet kort er i forhold til
keretgjets (100) placering og omfatter en anden gruppe af celler, er hver celle i den anden
gruppe af celler kendetegnet ved en anden sterrelse, som er mindre end den forste storrelse og
er klassificeret til en klasse udvalgt fra mindst to klasser, der omfatter traversabel og ikke-

traversabel,

hvor en ikke-traversabel celle 1 den forste gruppe af celler og den anden gruppe af celler
indbefatter i det mindste en del af en forhindring, der deekker en del af eller hele et omrade af
den ikke-traversable celle; hvor det andet kort 1 det mindste delvist overlapper det forste kort;

metoden kendetegnet ved, at den forste storrelse er

valgt til at vaere storre end en akkumuleret driftveerdi af INS over en forste foruddefineret
afstand, og den anden storrelse er valgt til at vaere storre end en akkumuleret driftvaerdi af INS
over en anden foruddefineret afstand, hvor den anden foruddefinerede afstand er mindre end
den forste foruddefinerede afstand;

krydsning mellem information fra én eller flere celler 1 det forste kort og information fra
tilsvarende én eller flere celler i det andet kort og udledning baseret pa krydsningen af udledt

dataoutput, der karakteriserer en storrelse af forhindringer i de ikke-traversable celler; og
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generering af navigationsinstruktioner til navigering af keretejet (100), mens kollision med

forhindringer undgas, ved at bruge INS-data opnaet af INS og det udledte dataoutput.

2. Metoden ifelge krav 1, hvor krydsningen omfatter:

krydsning mellem en eller flere celler fra den forste gruppe af celler, der er klassificeret som
ikke-traversable, og en eller flere tilsvarende celler fra den anden gruppe af celler og
bestemme, om en forhindring repraesenteret af mindst en respektiv ikke-traversabel celle fra
den forste gruppe af celler har et areal, der er mindre end et areal af den mindst ene respektive

ikke-traverserbare celle fra den forste gruppe af celler.

3. Metoden ifelge et hvilket som helst af kravene 1 og 2, hvor krydsningen omfatter:

en krydsning mellem en eller flere celler fra den anden gruppe af celler, der er klassificeret som
ikke-traversable og en eller flere tilsvarende celler fra den forste gruppe af celler og bestemme,
om en hindring repraesenteret af den mindst ene respektive ikke-traversable celle fra den anden
gruppen har et areal, der er storre end et areal af den mindst ene respektive ikke-traversable

celle fra den anden gruppe af celler.

4. Metoden ifelge et hvilket som helst af kravene 1 til 3, hvor udledningen yderligere omfatter:
at knytte en eller flere attributter til en eller flere forhindringer detekteret i omradet, den ene
eller flere attributter indbefatter data, der karakteriserer en respektiv sterrelse af en eller flere

forhindringer.

5. Metoden for et hvilket som helst af kravene 1 til 4, hvor den forste foruddefinerede afstand
er relateret til den forste kortsterrelse, og den anden foruddefinerede afstand er relateret til den

anden kortstorrelse.

6. Metoden ifolge et hvilket som helst af kravene 1 til 5, hvor den forste foruddefinerede
afstand bestemmes baseret pa en dimension eller del deraf af det forste kort, og den anden

foruddefinerede afstand bestemmes baseret pa en dimension eller en del deraf af det andet kort.

7. Metoden ifelge et hvilket som helst af kravene 1 til 6, hvor den forste foruddefinerede

afstand er valgt til at overskride en maksimal afstand, der forventes at blive tilbagelagt af
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keretojet (100) mellem efterfelgende opdateringer af det forste kort, og den anden
foruddefinerede afstand er valgt til at overskride den maksimum afstand, der forventes

tilbagelagt af koretgjet (100) mellem efterfelgende opdateringer af det andet kort.

8. Et system, der kan monteres pa et ubemandet landkeretej (100), hvor systemet omfatter:

en scanningsenhed (104) konfigureret til at scanne et omrade, der omgiver keretojet (100), for

derved at tilvejebringe scanningsoutputdata;

et inertialnavigationssystem (INS) til at tilvejebringe data, der indikerer en aktuel placering af

keretejet (100) 1 forhold til en tidligere placering;
systemet yderligere omfatter mindst én processor (124) konfigureret til at:

generere, baseret pa scanningsoutputdataene, et forste kort med en forste kortsterrelse, hvor det
forste kort er i forhold til en placering af keretegjet (100) og omfatter en forste gruppe af celler,
hver celle 1 den ferste gruppe af celler er kendetegnet ved en forste storrelse og er klassificeret

til en klasse udvalgt fra mindst to klasser, omfattende traversabel og ikke-traversabel,

generering, baseret pa scanningsoutputdataene, et andet kort med en anden kortsterrelse, den
anden kortsterrelse er mindre end den forste kortsterrelse, det andet kort er 1 forhold til
keretojets (100) placering og omfatter en anden gruppe af celler, er hver celle i den anden
gruppe af celler er kendetegnet ved en anden sterrelse, som er mindre end den forste storrelse
og er klassificeret til en klasse udvalgt fra mindst to klasser, omfattende traversable og ikke-
traversable; hvor en ikke-traversabel celle i den forste gruppe af celler og den anden gruppe af
celler omfatter i det mindste en del af en forhindring, der deekker en del af eller hele et omrade

af den ikke-traversable celle;

hvor det andet kort i det mindste delvist overlapper det forste kort; kendetegnet ved, at den

farste storrelse er

valgt til at veere sterre end en akkumuleret driftvaerdi af INS ombord pa keretgjet (100) over en
forste foruddefineret afstand, og den anden sterrelse er valgt til at vere storre end en
akkumuleret driftvaerdi for INS over en anden foruddefineret afstand, den anden

foruddefinerede afstand er mindre end den forste foruddefinerede afstand;
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krydsning mellem oplysninger fra en eller flere celler 1 det forste kort og oplysninger fra
tilsvarende en eller flere celler i det andet kort og udlede baseret pa krydsningen, udledt

dataoutput, der karakteriserer en storrelse af forhindringer i de ikke-traversable celler; og

generering af navigationsinstruktioner til at navigere i keretejet (100), mens du undgar
kollision med forhindringer, ved hjelp af INS-data, der er opnaet af INS og det udledte
dataoutput.

9. Systemet ifolge et hvilket som helst af krav 8, hvor den mindst ene processor (124) er

konfigureret til at udlede det udledte dataoutput til:

en krydsning mellem en eller flere celler fra den forste gruppe af celler, der er klassificeret som
ikke-traversabel, og en eller flere tilsvarende celler fra den anden gruppe af celler og afgere,
om en hindring repraesenteret af mindst en respektiv ikke-traversabel celle fra den forste
gruppe af celler har et areal, der er mindre end et areal af den mindst respektive ene ikke-

traversable celle fra den ferste gruppe af celler.

10. Systemet ifolge et hvilket som helst af kravene 8 til 9, hvor den mindst ene processor (124)

er konfigureret til at udlede det udledte dataoutput til:

en krydsning imellem en eller flere celler fra den anden gruppe af celler, der er klassificeret
som ikke-traversable og en eller flere tilsvarende celler fra den forste gruppe af celler og
afgere, om en hindring reprasenteret af den mindst ene respektive ikke-traversable celle fra
den anden gruppe har et areal, der er storre end et areal af den mindst ene respektive ikke-

traversable celle fra den anden gruppe af celler.

11. Systemet ifelge et hvilket som helst af kravene 8 til 10, hvor den ferste foruddefinerede
afstand er relateret til den forste kortsterrelse, og den anden foruddefinerede afstand er relateret

til den anden kortstorrelse.

12. Systemet ifolge et hvilket som helst af kravene 8 til 11, hvor den ferste foruddefinerede

afstand er bestemt baseret pa en dimension eller en del deraf af det forste kort, og den anden
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foruddefinerede afstand er bestemt baseret pa en dimension eller en del deraf af det andet kort.

13. Et computerlasbart lagermedium med instruktioner, som, nar de udferes af en computer,
far computeren til at udfere trinnene ifolge et hvilket som helst af fremgangsmadekravene 1 til

7.
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