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METHOD OF NAVIGATING A VEHICLE AND SYSTEM
THEREQOF
TECHNICAL FIELD

The presently disclosed sabject matter relates to wnmanned vehicles, and

more particuarly, to navigation of unmanned vehicles.

(9]

BACKGROUND

An unmanned ground vehicle (HGV), also referred to as an uncrewed vehicle
18 a motorized machine that travels by micgrating sensory data with computer-based

decision making for the purpose of autonomously driving the vehicle.

10 One 1ssue 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 the obstacles to enable
safe travel of the vehicle through the arca. An obstacle can be any area or object
which should be avoided. For example, an obstacle can be an object or arca which

15  either blocks or endangers the vehicle, e.g. slopes, holes 1in the ground, water

reservoirs, walls, big rocks, overhead obstacles e.g.

=

bridges, etc. Obstacles can also
include any arca which 1s desired to be avoided {c.g. noxious arcas, habitat arcas
which should be avoided for ecological or animal conservation reasons, populated

arcas which should be avoided for safety reasons, ete ).
20 GENERAL DESCRIPTION

The disclosure relates to navigation of a vehicle (e.g. UGY) within an area, n
the presence of obstacles. It has been known in the art to navigate within an area in
the presence of obstacles by generating a map of the area comprising indications of
obstacles and optionally a target location, and tracking the location of the UGV

25  within the map as the UGV advances, according to imdications received from a
posttioning system, such as a Global Posttioning Svystem (GPS). However, GPS
measurements may be inaccurate and may suffer from jitier and delaved updates. In
an area dense with obstacles, such inaccuracies may be harmful as they may cause a

UGY to get to dangerous proximity or even collide with an obstacle. For example,

3
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<

GPS based location may erroncously indicate a safe distance from an obstacle, while
the real distance mav be much smaller. Tracking the location of the UGV using a

sclf-contained navigation system (such as an INS) alone may account for significant
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errors resulting from accumulated drift as the UGV advances, which may alse lead to

dangerous or other undesired situations.

A common navigation technigue is based on the integration of GPS and INS

data output, where the INS provides effective navigation data for a short time in

5 order to compensate for GPS discontinuity. However, although this technique
provides some remedy to GPS discontinuity it still suffers from the inaccuracies and
iigger that characterize GPS navigation and is therefore likewise often msufficiently

accurate for obstacle avoidance.

Another disadvantage of GPS navigation is that it cannot be used where
10 satellite communication is unavailable. For example, GPS is many times inapplicable

where the vehicle is traveling indoors or underground.

According to some examples of the disclosed subject matter, the UGV 1
tracked using a map of the environment. The map can be generated and repeatedly
updated by scanning the arca surrounding the UGV using one or more scanning

15 devices operated from onboard the UGV, The resuiting map is thus gencrated
relative to the UGY {sometimes referred to herein as a "relative map"), ¢.g. the map
represents an area surrounding the UGV, In some examples the map is gencrated

such that the UGV 1s at 1ts center.

In addition to avoiding obstacles, 10 some cases the UGV may receive or

20 determine a destination or a path from a current location to a target location
{destination). The UGV can advance towards the destination in accordance with the

path {optionally, but not necessarily using GPS), while using the gencrated relative

map for tracking its location relative to the scanned environment and avoiding

obstacles.

25 The position of the UGV relative o the scanned eavironment within the map
{including between successive updates of the map performed based on readings
received from the scanning device) is tracked based on readings received from an
INS. Updating the relative location between the UGV and an cloment in the

surrounding enviromment {¢.g. obstacle) that was detected in a previous scan but is

3
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not seen in a current scan is also performed 1o accordance with advancement of the

UGY, based on INS data.

As mentioned above, INS sufters from an accumulating drift that renders INS

position determination severely unreliable over time. The presentlv disclosed subject
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matter includes a method of mapping an area using a scanning device and navigating
the UGY within the mapped arca using INS while overcoming the problem of INS
drift.

The {relative) map can comprise a grid of ¢ells, whergin each cell represents
part of the mapped arca. According to examples of the presently disclosed subject
matier, the size of the cells is selected to be equal or larger than the maximal INS
drift over a certain predefined traversed distance. Furthermore, the map advances
with the vehicle such that as the vehicle progresses new areas are included at one end
of the map in the direction of its progress and other areas at the opposite end of the

map are excluded from the map.

Thus, while advancing towards the target location, possibly along a
predefined path leading thereto, the UGV navigates through the traversed area and
avoids obstacles by repeatedly scanning the area surrounding the UGV, generating a
relative map of the area based upon the scanning output data, and using an INS for
updating the position of the UGV relative to the mapped environment and navigating

the UGV according to the mapping data.

One aspect of the disclosed subject matter relates to a method of navigating a
vehicle, the vehicle comprismg a scanning device and a self-contained navigation
system (SCNS) being operatively connected to a computer, the method comprising:
operating the scanning device for repeatedly executing a scanning operation, where
cach scamming operation includes scamming an arca surrounding the wvehicle, to
thereby generate respective scanning output data; operating the computer for
generating, based on the scanning output data from multiple scanning operations, a
relative map representing at least a part of the area, the relative map having known
dimensions and being relative to a position of the vehicle, wherein the relative map
comprises cells, each cell being classified to a class selected from at least two
classes, comprising traversabie and non-traversable, and characterized by dimensions
equal or larger than an accumulated dnift value of the SCNS over a predetined
distance; wherein non-traversable cells correspond to obstacles identified in the
scanning output data; receiving SCNS data and updating a position of the vehicle

relative to the cells based on the SCNS data.

PCT/IL2018/050966
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In addition to the above features, the method according to this aspect of the
presently disclosed subject matter can optionally comprise one or maore of features (i)

to {xxiit) listed below, n any technically possible combination or permutation:

i} Wherein the relative map iwncludes non-traversable cells that

5  correspond fo obstacles detected in scanning output data of a previous scanning
operation from the multiple scanming operations and not detected in a scanning
output data of a later scanning operation from the multiple scanning operations,

while still being located within the scanned arca.

it} wherein updating a position of the vehicle relative to the cells based

10 on the SCNS data inchudes updating the position of the vehicle relative to obstacles
detected in scanning output data of a previous scanning operation from the multiple
scanning operations and not detected n scanning output data of a current scanning
operation from the multiple scanning operations, while the obstacle is still located

within the scanned area.

15 1) generating instructions for controlling the vehicle movement within
the arca based on the relative map, to thereby avoid non-traversable cells, wherein
the imstruction are generated avtonomously by a navigation svstem on-board the

vehicle, or by an operator controlling the vehicle.

V). Wherein the SCNS is any one of inertial navigation sysiem;

20 Simultancous localization and Mapping (SLAM); and odometer navigation systeros.

v}, Wherein the vehicle 1s any one of) anmanned ground vehicle; manned
ground vehicle; unmanned acrial vehicle; manned aerial vehicle; unmanned marine
vehicle: and manned manne vehicle,

Vi), Wherein the relative map 15 generated by accumulating scanning

25 output data from a plurality of scanning operations.
vit}. Wherein the relative map is generated by accumulating scanming
output data in an advancement direction of the vehicle as the vehicle advances mto
the arca, and omitting representation of areas m an opposite direction.
viit}, Whergin the method further comprises, navigating the vehicle along a
30 global path leading to a target destination and updating the path based on the relative

map in order to avoid obstacles.

X}, Wherein navigation along the global path is executed using GPS.
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X} Whergin navigation along the global path 1s executed using computer
vision.
Xi}. Wherein the method further comprises, aligning between a global map

comprising the global path leading to a destination and the relative map thercby
5  providing a combincd map leading to the destination along the updated global path

which has been updated based on the relative map.

Xit}. Wherein aligning between the global map and the relative map

comprises:

using assigned time tags for temporally aligning between an instance of the

10 global map and an instance of the relative map;

spatially aligning between the global map and the relative map by matching
between the position of the UGV in the giobal map and the position of the

UGY 1n the relative map.
Xiii}. Displaving a graphical representation of the combined map including
15 an indication of: non-traversable cells, position of the vehicle, and the updated global
path.

Xiv}). Wherein the predefined distance is selected to exceed a maximal
distance expected to be travelled by the vehicle between consecutive updates of the
relative map.

20 XV} Wherein the predefined distance is equal to a dimension of the area

represented by the relative map.
XV} Wherein the predefined distance is equal to half of a dimension of the
part of the arca represented by the relative map.

XVit}. Wherein the predefined distance s equal to a diagonal connecting

25  opposite vertexes of the relative map.

KV}, Wherein the predefined distance s determined in accordance with a
relation between an update rate of the relative map, and a maximal or expected
velocity of the vehicle.

Xix}. Wherein the arca dimensions are determiined i accordance with a
30 scanning distance of the scanning device,

XX). Wherein the arca is a square having an edge of up to double the
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scanning distance of the scanning device.

XX1). Wherein an obstacle detected during a scanning operation is indicated
on the relative map as a non-traversable cell, and wherein a non-traversable cell
representing an obstacle that is detected in a scan and is not detected in at least one
subsequent scans, is indicated on the relative map as non-traversable, for at least, one

further map update.

XXil). The method further comprising, generating a graphical representation
of the relative map and displaying the graphical representation on a display device, to
thereby enable an operator to control the vehicle while avoiding obstacles based on the

graphical representation.

XXiii). Wherein the graphical representation is a 2.5 dimensional or 3

dimensional representations of the relative map.

According to another aspect of the presently disclosed subject matter there is

provided a system mountable on vehicle, comprising:

a scanning device for scanning an area surrounding the vehicle, to thereby
provide scanning output data providing information about distances between objects

in the area and the vehicle in a multiplicity of directions;

a self-contained navigation system (SCNS) for providing data indicative of a
current position of the vehicle relative to a previous position; and at least one

Processor;

the scanning device is operable to repeatedly execute a scanning operation,
where each scanning operation includes scanning an area surrounding the vehicle, to

thereby generate respective scanning output data;
the at least one processor is configured to:

generate, based on the scanning output data from multiple scanning operations,
a map representing at least a part of the area, the map having known dimensions and
being relative to a position of the vehicle, wherein the map comprises cells, each cell
is classified to a class selected from a group consisting of traversable and non-
traversable, and characterized by dimensions equal or larger than an accumulated drift
value of the SCNS over a predefined distance; wherein non-traversable cells

correspond to obstacles identified in the scanning output data;

receive SCNS data and update a position of the vehicle relative to the cells
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based on the SCNS data.

According to another aspect of the presentlv disclosed subject matter there s

provide a vehicle, comprising a system comprising:

a scanning device for scanning an area surrounding the vehicle, to thereby
provide scanning output data providing mformation about distances between objects

in the area and the vehicle in a maltiplicity of directions;

a sclf-contained navigation systern (SCNS} for providing data indicative of a
current position of the velucle relative to a previous position; and at least one

processor;

the scanning device is operable to repeatedly execute a scanning operation,
where each scanning operation includes scanning an area surrounding the vehicle, to

thereby generate respective scanning output data;
the at least one processor is configured to:

generate, based on the scanning owiput data from multiplc scanning
operations, a map representing at least a part of the arca, the map having known
dimensions and being relative to a position of the vehicle, wherein the map
comprises cells, each cell is classified to a class selected from a group consisting of
traversable and non-traversable, and characterized by dimensions equal or larger than
an accumudated drtt value of the SONS over a predefined distance; wherein non-

traversable cells correspond to obstacles identified in the scanning output data;

reccive SCNS data and update a position of the vehicle relative to the celis

based on the SCNS data.

According to vet another aspect of the presently disclosed subject matter
there 1s provided a computer program product comprising a compuier readable storage
medivm retaining program instructions, which program imstructions when mead by a
processor, canse the processor to perform a method of navigation a vehicle, comprising:

recetving scanning output data, generated in multiple scanning operations
executed by a scanning device located on-board the vehicle and operable to scan an
area surrounding the vehicle;

using the scanning output data for generating, a relative map representing at
lcast a part of the arca, the relative map having known dimensions and being relative

to a position of the vehicle, wherein the relative map comprises cells, each cell being

PCT/IL2018/050966
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classified to a class selected from at least two classes, comprising traversable and
non-traversable, and characterized by dimensions equal or larger than an
accumulated dnift value of the SCNS over a predefined distance; wherein non-

traversable cells correspond to obstacles identified in the scanning output data;

(9]

receiving SUNS data and updating a position of the vehicle relative to the cells based

on the SCNS data.

The UGY, the svstem and the computer program products disclosed m
accordance with the presenily disclosed subject matter can optionally comprise one
or more of features (i) to (xxiu) histed above, mutatis mutandis, in any desired

10 combination or permutation,

According to further aspects of the presently disclosed subject matter there is

provided a method, a system and a computer program product of gencrating a
relative map based on scanning output data, the method comprising: operating the
scanning device for repeatedly executing a scanning operation, where each scanning

15  operation includes scanming an arca surrounding the vehicle, to thercby generate
respective scanning output data; operating the computer for generating, based on the
scanning output data from multiple scanning operations, a relative map representing

at least a part of the area, the relative map having known dimensions and being
relative to a position of the vehicle, wherem the relative map compnises cells, cach

20 cell bemng classified to a class selected from at least two classes, comprising
traversable and non-traversable, and characterized by dimensions equal or larger than

an accumulated drift value of the SCNS over a predefined distance; wherein non-
traversable cells comrespond to obstacles identified wn the scanning output data;
receiving SCNS data and updating a position of the vehicle relative to the cells based

25  on the SCNS data.
BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how 1t can be carned
out 1n practice, embodiments will be described, by way of non-limiting examples,

with reference to the accompanying drawings, in which:

3
i)
<

Fig. 1 illustrates a schematic block diagram of a navigation system ofa UGV,

i accordance with certain examples of the presently disclosed subject matter;

Fig. 2 shows a schematic illustration of an environment in which a UGV has

o navigate;
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Fig, 3 llustrates a generalized flow-chart of a method for navigating a UGV
i the presence of obstacles, in accordance with certain examples of the presently

disclosed subject matier;

Fig. 4A and Fig. 48 ilustrate visual representations of a map of an
5  ecnvironment at two points in time, in accordance with certain examples of the

presently disclosed subject matter;

Fig. 5 is a schematic illustration demonstrating principles of the relative map,

in accordance with certain examples of the presently disclosed subject matter;

Fig. 6ais a schematic illustration of a global path, m accordance with certain

10 examples of the presently disclosed subject matter;

Fig. 6b 15 a schematic tlustration of an updated global path, 1n accordance

with certain examples of the presently disclosed subjoct matter; and

Fig. 7 1s a flowchart of operations carnied out for generating and displaying a
combined map, m accordance with certain cxamples of the presently disclosed

15 subject matter.
DETAILED BDESCRIPTION

In the following detailed description, numerous specific details are set forth

m order to provide a thorough understanding of the mmvention. However, it will be
understood by those skilled in the art that the presently disclosed subject matter may

20 be practiced without these specific details. In other instances, wel-known methods,
procedures, components and circuits have not been described in detail so as not to

obscure the presently disclosed subject matter,

Unless specifically stated otherwise, as apparent from the followmng

discussions, it is appreciated that throughout the specification discussions utilizing

25  terms  such as  processing”, compuiing”, ‘“determining”, “representing”,
L] p P Rl "o . " 33 M k) ae, M 9 (13 < 22 L1 2, 113 .

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,

quantitics and/or said data representing the physical objects.

I3

30 The terms “computer”, "processing unit”, "computerized device”, or the like
should be expansively construed to melude any kind of electronic hardware device

with a processing circuitry that includes a computer processor as disclosed herein
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below {e.g., a Central Processing Unit ({CPU}, a microprocessor, an electronie cirouit,
an Integrated Circutt (1C), fimnware written for or ported to a specific processor such
as digital signal processor (D8P}, a microcontroller, a field programmable gate array
(FPGA), an application specific mtegrated circuat {AKSIC), ¢tc) and capable of

executing computer instructions {¢.g. loaded on a computer memory).

The operations in accordance with the teachings herem 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
i a computer readable storage medinm. In the following detailed description,
numerous specific details are set forth in order to provide a thorough understanding
of the mvention. However, it will be understood by those skilled in the art that the
presently disclosed subject matier can be practiced without these specific details. In
other mstances, well-known methods, procedures, components and circuits have not

been described in detail so as not to ohscure the presently disclosed subject matter.

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 spectfic direction relative to the device. Examples of
scanning devices include, but arc not limited fo: laser scanners (including LIDAR),
RADAR, images sensor, sonar, ¢tc. A scanning device can scan for example, 360%on
a plane surrounding the device, or at 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 embodiments, i order to save resources, a 2.5 dimensional

map may be generated, as detailed below.

Although the description predonunantly refers to an "wwmanned ground
vehicle” (UGV) this i3 done by way of non-limiting example only and should not be
construed as lmiting. As used herein the term UGV is meant to expansively include
any kind of vehicle that can be operated either autonomously, by a tele-operator, or
by an on-board driver who camnot see the environment and steers in accordance with
a map or with explicit steering nstractions. Furthermore, although the descriptions
refers to a ground vehicle, this is done by way of non-limiting example only and
other types of vehicles are also contemplated within its scope. For example, any one

of, manned or unmanned arcraft (e.g. unmanned aerial vehicle also known as UAS

PCT/IL2018/050966
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or drone}, manned or unmanned marine vehicle (including underwater and above
water vehicles), can hikewise comprise a navigation system (102) configured to
implement the disclosed map generation and navigation technique for avoiding

obstacles, as disclosed.

As a specific example, a drone flying at low altitude n an arca dense with
obstacles (e.g. in a forest or an urban area with buildings and other structures) can be
configured to autonomously navigate through the traversed area and avoid obstacles
according to the principles disclosed herein. Likewise, an operator controlling such a
drone can do so based on a map of the environment generated as disclosed herein. A
UGV or any other vehicle configured to operate in accordance with the description is
equipped with a scanning device configured to scan the area surrounding the vehicle,
and an self~contained navigation system {c.g. INS) configured to provide positioning

data of the vehicle.

Furthermore, although the description predominantly refers to an Inertial
Navigation System (INS}) this is done by way of example only and should not be
construed as hmiting. The presently disclosed subject matter contemplates any type
of self-contamed navigation system and/or methodology that is not dependent on
extemnal references in order to determine navigation data such as position, orientation
or velocity. This 15 different for example from GPS navigation that is dependent on
information obtained from satellites. Other types of self-contained navigation
systems include for example, Stmultaneous localization and Mapping (SLAM) and
odometer navigation systems. Simidar to INS, other self-contained navigation

systems (SCNS}) also suffer from a drift that accumulates as the vehicle advances.

The term "map” as used herein should be expansively construed to inchude
any data structurc representing a goographical arca. A map may be absolute, 1.¢.,
comprise indications of absolute coordinates of an object or a location, or relative,
1.¢., comprse information about locations or objects, regardless of their locations n
absolute coordinates. A map may be represenied on a computerized display device,
paper or any other tangible medium. In some embodiments of the disclosure, a 2.3
dimensional map may be generated and uvsed. A 2.5 dimensional map relates to a
map which indicates the lowest height of an obstacle above the ground, i, the
vertical distance between the ground and the obstacle at each ground location. fn

other words, there 1s provided for cach ground location, the height of the free space

PCT/IL2018/050966
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above the ground. Thus, the mformation in the map ndicates for each location the
clearance height for the UGY. For example the lowest height of a trectop or a bridge
at a certain pomnt. it will be appreciated that for obstacles that are on the ground, such

as a house or a trunk of a tree, this height may be indicated as zero. Thus, for path

(9]

planning purposcs, the clearance height mav be taken into accouni, when

determining, for example, whether the UGV can pass under a tree or a bridge,
2 -~

Reference 1s now made to Fig. 1, showing a schematic block diagram of a
navigation syvstem of a vehicle, exemplified by a UGV, in accordance with some

examples of the presently disclosed subject matter.

10 UGY 1088 comprises navigation system 182 It will be appreciated that
navigation system 192 can comprise components, some of which mayv also serve
other purposes, and that components of navigation system 102 may be located at
different places on UGV 100, Furher, navigation system 102 can also receive

services from and communicate with other components of UGV 160,

15 Navigation system 162 can comprise or be otherwise operatively connected
to a scanning device 184 configured to scan an arca surrounding the vehicle, and
provide scanning output data for generating a relative map as further described

below.

Navigation system 102 can further comprise or be stherwise operatively

20 connected to IMU 108 providing, infer alia, acceleration data of the UGV, and INS

1196 tracking the position, velocity, and onentation of an object based on the MU

output data. In some examples, INS 118 comprises IMU 188 to form a self-contained

pavigation system which uses measurements provided by IMU 108 to track the

position, velocity, and ornentation of an object relative to a starting posttion,

25  onentation, and velocity. As mentioned above, INS is merely an example, and other
self-contained navigation sysiems can be used in addition or instead of INS.

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 can

3
i)
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be configured in some examples to receive and/or generate vchicle control
mstructions {¢.g., steering commands) and control UGV 160 accordingly. The
instractions may be absolute or relative, for example an absclute mstruction may be

"20 20 m north”, while a relative instruction may be "continue straight for 20 m" or
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“oas 30%, vaw rate 50%".

WNavigation system 182 can further comprise destination and global path
determination umit 116 (implemented for example as a dedicated processing unit or
cing otherwise operatively connected to a processing unit) for obtaining a

5 destination to which UGY 100 has to arrive and calculating a path to that destination,
or obtaining, for example receiving, a path leading to a destination. A path may be
provided as a series of waypomnts leading from a current location of UGV 188 to a
target location. Destination and global path determination unit 116 can comprise or

utilize one or more of components such as but not limited to:

19 (lobal Positioning System (GPS); communication unit for receiving a
location or instructions from an external source; camera and a compuicrized vision
system for capturing images of the environment and identifving in the images a
predetermined sign indicating a target destination. The indication can include for
example visible or invisible light or a predetermined gesture performed by a person

15 or amachine, or the hike.

Thus, for example, navigation system 102 can use a GPS for navigating the
vehicle towards a designated destination while obstacle avoidance is executed based

on the relative map as further disclosed heremn below.

UGY 180 can farther comprise computer data storage device 128 for storing
20 information such as one or more maps, mformation about obstacles, navigation

mstructions, or the like.

Navigation system 1862 can further comprise or be otherwise operatively
connected to one or more processing units for controlling and cxecuting varnous
operations, as disclosed herein. Fach processing unit comprises a respective

25 processing circuifry comprsing at lcast one computer processor which can be
operatively comnected to a compuier-readable storage device having computer
instructions stored thereon to be executed by the computer processor,

According to one example, different functional elements (units, modules) 1n
navigation system 192 can be implemented as a dedicated processing unit comprising

30 dedicated computer processor and computer storage for executing specific

operations.

Additionallv or altematively, one or more elements can be operatively
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connected to a common processing unit configured to execute operations according

to nstructions stored in the functional elements.

For example, UGV 188 can comprise processing circuitry 124 {(e.g. being part

of a computer or processing unit) which can be configured to execute soveral

5 functional modules in accordance with computer-readable instructions stored on a
non-transitory  computer-readable medium  operatively connected to processing
circuitry 124, such as memory device 128, For illustrative purposes such functional
modules are referred to hercinafter as comprised in the processing circuitry. Notably,

i some examples at least part of the processing can be performed by a computer

10 located remotely from the UGV and configured to receive input data from the UGV

and provide to the UGV the processing output over a communication link,

Navigation system 162 can compnse by way of example relative map
generation and updating module 128, updated location calculation module 132, and

path updating module 136

15 Updated location calculation module 132 is configured to update the location
of UGY 166 based on data, such as change in the location of UGV 108, as
determined by INS 110, The location may be relative to a previous location, for
example 20m in a specific direction, and is thus useful in assessing the updated

location of UGV 100 on the map, relative to the non-traversable cells in the map.

20 Relative map generation and updating module 128 is configured to receive
readings from scanning device 184 and from updated location calculation module
132, and gencrate or update a relative map of the UGV surroundings as disclosed
further below, including wupdating the position of clements i the scanned

environment relative to the vehicle.

25 Path updating module 136 is configured to determing a progressing path
within the arca of the relative amp for directing the vehicle and avoiding obstacles.
Path updating module 136 can be further configured to update a global path obtained
by destination/global path obtaining unit 116, based on the relative map generated by
map generation and updating module 128, such that the updated path circumvents
30 necarby obstacles.
Fig. 2 shows a schematic lustration of an example of an environment i
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
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ground level, or negative obstacle 208 which is below ground level, overhead
obstacle 205 such as a tree or a brdge, steep terrain 206 which may be for example a
back, side or front slope, wherein all obstacles are non-traversable for UGV 208 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 ancther side. For example, a
ramp may present an obstacle when accessed from the side, but not when accessed

from the front or back.

According to some examples of the presently disclosed subject matter, while
a vehicle {¢.g. UGV} advances 1 a certain arca it gencrates in real~time a relative
map of the area surrounding the UGV, by repeatedly scanming the arca and
determining, using a self-contained navigation system {e.g. INS), the position of
clements in the scanned environment relative to the UGV, The map s continucusly
being updated together with the advancement of the UGV and provides a real-time
picture of the surrounding environment, which enables to navigate the UGV in the

traverse area while avoiding obstacles.

According to one example, navigation of the UGV can be performed by an
operator of the UGY. In some examples, the operator can be located onboard the
vehicle while 1n other examaples the operator controls the UGY from a remote control
station. In erther case, the operator can control the UGV based on the relative map
{generated for example by module 128} which is displayed on a display device {e.g.
compuier screen on-board the vehicle operatively conmected to navigation system

102) and provides real-time picture of the traversed arca near the UGV,

According to another example, the UGV is configured to astonomously
navigate towards a target destination, optionally along a predefined (global} path
using for example GPS, to use the relative map for detecting nearby obstacles and

generate maneuvering instructions for avoiding the detected obstacles.

Referonce is now made to Fig. 3, showing a flowchart of operation for
navigation within an area according to examples of the presently disclosed subject
matter. Operations are deseribed below with reference to clements in Fig. 1, however
this is done by way of example only and should not be construed as imiting,

In some examples, information ncluding data characterizing the area to be
traversed, as well as the operational parameters of UGY 108 and navigation system

102, is received {block 388). For instance, processing circuitry 124 can receive such
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information at the onset of vehicle navigation. For example, this information may
include, but is not limited to, the size or location of the arca to be traversed, obstacle
density, UGV maximal or average velocity within the terrain, scanning distance,
scanning angle (360" or less) and scanning resolution {every 1% 2° etc) of one or
more scanning devices comprised by the UGV, size of the relative map, size of cells
dividing the map, or the like. In some example, processing circuitry 124 can be
configured to determine map parameters of the relative map, such as the size of the
area represented by the map, size of the cells dividing the map, or the like, as detailed
below. It will be appreciated that in some examples, the relative map representing the
area surrounding the UGV, 1s square or substantially square (1.¢. with some disparity
between the lengths of the different edges of the map, e.g. less than 10% difference
or less than 5% difference or less than 2.5% difference, etc.). However, in other

examples, the relative map may be rectangle, or have some other shape.

At block 302 data is received from a scanner, {e.g. scanning device 104
depicted Fig. 1). The scanner is operated to scan an area arcund the vehicle (perform
a scanning operation) as the vehicle travels through the arca and gencrate scanming
output data, comprising readings of distances from the UGV to objects n different
directions arcund the vehicle and transmit the scanning output data to a computer
processor {¢.g. processing circuitry 124). The scanner is operated to provide the
readings repeatedly, at a rate depending on the device capabilitics, user setimgs, or
the like. The readings may be received for a full cycle (360% around the device, or
for a smaller angle, such as 180° 270°, or the like. The readings may be received at a
predefined resolution, such as every 0.5°, every 1°, every 2°, or the like, horizontally
and vertically. It will be appreciated that scanning output data may be received from
multiple scanmers operatively conmected to the UGV, which may be combined for

generating the map.

At block 304, readings are received from a seif-contammed navigation system
such as INS 116 (c.g. received at processing circuitry 124), ndicating a current
location of the UGV relative to a previous location. The readings may be provided by
INS 119 at a rate depending on the capabilities of INS 118, user settings, ete.

At block 305 a relative map of the arca of the UGV 1s generated or updated
based on the scanning output data and on the INS data, {c.g. by processing circuitry

124 executing relative map generation/updating module 128). It will be appreciate
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that the map is mtially generated based upon scanning output data received from
scanner 184 and INS data recoived from INS (which mcludes location and
orientation of the UGV at the time of scanning) after which it can be updated based
on further scamning output data or on UGV positioning data calealated based on data
from INS. Thus, the map may be updated when new readings are received from
scanner 104, or when the relative location of the UGV has changed in response to

new data received from the INS.

The relative map is accumulative and combines scanning output data from a
plurality of scanning operations. In addition to origntation of the UGY obtained from
the INS, posttioning data of the vehicle obtained from INS is needed in order to
determine the current position of the UGV relative to previous map {(e.g. relative to
the north) and cnable the accumulation of scanning output data generated over time

mn different {¢.g. consecutive) scanming operations.

The scanning device reading (scanning cutput data) generated by the scanner
18 processed to identify objects and terrain outline and a corresponding map (referred
herein also as "imitial map") 1s gencrated based on the processing output. Accordmg
to some examples, the height of various objects in the scanned area surrounding the
UGY may be determined based on the readings in various vertical directions, thus
providing 3-dimensional mformation for generating a 3-dimensional map. In other
examples, ¢.g. in order to save resources, a 2.5 dimensional map may be generated
and used, as mentioned above. The generated map {e.g. 3-D or 2.5-1 map) provides
a real-time picture of the environment surrounding the UGV from the vantage point

of the scanners located on-board the UGV,

According to some examples, the map ¢an be generated and updated such that
it 15 centred around the UGV and the locations of obstacles in the area of the UGV
are indicated relative to the UGY. It will be appreciated that map generation may
also utilize information obtained from other scurces, such as existing roads, arcas
that can or cannot be traversed, information obtained from image analysis,

information indicating whether certain objects are obstacles or not, or the hike.

According to one example, the size of the area represented by the 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 appropnate for the

terrain and task, provides for a map representing a square having an edge of double
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the scanming distance, 1.¢. 70 m. It will be appreciated, however, that the size of the
arca of the map may be determined in accordance with additional or different
parameters, such as the size of the area to be traversed, SUNS {e.g. INS) dnft, or
other factors. According to some examples the size of the arca is in the order of
magoitude of tens of meters, such as between 10m to 200m in cach dimension {¢.g.

longitudinal and lateral).

A rectangular (e.g. square) map has the advantage of more easily being
divided into equal size cells as compared to other shapes such as a circular map.
Thus, as iltustrated in Fig. 5, while the scanner circles the vehicle 100, a circumgon
square having a rectanguolar shape defines an cuter map (50). The circumcircle of an
mner square defines an nner map {52}, where the entire area of the nner map is

within the mapped arca of the scanned circle.

In some examples, given a certain size W of the edge of the map {(assuming
for example a map substantially square), the scanner provides readings of the area
around the UGV 160 which are used for defining a curcumeirele around the square of
the map (Le. inner map). A circumgon square (outer map) may be defined for the
circumcircle with an edge that equals about 141 the edge of the inner square.
According to somc examples, the outer map (which includes the inner map) is
oniented with the north. The inner map can then be tumed, within the arca of the
outer map, so it is orientated with the heading of the UGV {¢.g. a horizontal ego-
sphere map or ego-localized) for the convenience of the users {e.g. operaiors of the
vehicle or path planners). For example, an operator which is navigating the vehicle
based on the relative map 1s provided with the inner map (inner "integrated map"}
generated as a horizontal map orentated with the heading of the vehicle, thus
enabling the operator to ecasily understand the real-time picture of the surrounding

environment relative to the current position of the vehicle.

According to the subject matter disclosed herein, the map 1s divided info a
grid of cells, wherein cach ccll represents part of the map arca. In one example,
division of the map into cells can be performed as part of the map generation process
{described with reference to block 305). In another example, the division can be

crformed as part of the classification process described herein below {with reference
to block 306). As explained in more detail below the size of the cells dividing the

map 1s determined based on INS duift over a certain predefined distance.
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At block 306, the mapping data undergoes a classification process that
mncludes identification of obstacles within the mapped arca {c.g. by processing
circuitry 124 or by some other dedicated processor implementing some type of object
classification algorithm. Once available, the information regarding obstacles in the
mapped area is used for classifyving the cells dividing the map. Various methods for
identifying obstacles in a scanned environment based on scanned output data are

known 1n the art.

Oue example of an object classification algorithm 1s described i an article by
Procopio, M. J., Muiligan, J., & Grudic, G. (2009), emtitiled: "Leaming Terrain
Segmentation With Classifier Ensembles For Autonomous Robot Navigation In
Unstractured”, Environments. Journal Of Ficld Robotics, 26(23, 145-175, which is
incorporated herein by reference in s entirety). Another example of an object
classification algorithm 18 descrbed in an article by Ribo M. and Pimz A. (2001)
entitled "A comparison of three wuncertainty calculi for building sonar based
occupancy grids”, International Journal of Robotics and Automation Systems 35:
201-209. A further cxample of an object classification algorithm is described o an
article by Lin I Y, and Lee 5. (2003) entitled "Consecutive scanning based obstacle
detection and probabilistic navigation of mobile robot" IEEE/RS) International

{Conference on Intelligent Robots and Systems: 3516-3515.

For convenience, the map generated based on the scanning output data as
described above with reference to block 305 can be referred to as "mitial map" and
the term "integrated map” can be used to refer to the inttial map afier it has been
divided into celis classified as traversable or non-traversable cells. The map data of
both the initial map and the integrated map and their continuous map updates can be

stored in data storage device {o.g. 128}

Followmg identification of obstacles within the mapped area, cells dividing
the arca are classified to one of the at least following classes: non-traversable cells
(i.e., rcpresenting an arca comprising an obstacle or part thercof); and traversable
cells (1.¢., representing an arca not comprising an obstacle or part thereof). Cells
encompassing obstacles are classified as non-traversable while cells which are empty

of cbstacles are classified as traversable. In some examples, a cell may also be

classified as unkoown.

It will be appreciated that initially all cells can be classified as unknown. As
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the UGV gets closer to arcas represented by voknown cells, their class may become
clear and thev can then be classified into traversable or non-fraversable. Additionaily,
m some examples determining whether an area represented by a cell with unknown
class is traversable or not, can be based on the specific, progression path, task to be

performed, traversability of the vehicle, type of terrain, or the like.

Thus, while different UGVs travelling in the same area mayv generaie an
identical or very similar initial map of the arca, each UGV may generate a different
itegrated map or maps as it may classify different objects and areas within the
mapped arca as obstacles, depending on its specific progression path(s), its

traversability, and so forth.

Reference is now made also to Figs. 4A and 4B that illustrate visual
representations of maps of an environment at two points in fime, to demonstrate how
the relative map is gencrated and updated as the UGV advances, in accordance with
some embodiments of the disclosure. As mentioned above, the maps can be
gencrated/updated (for example by processing circuitry 124, ¢.g. by relative map
generating/updating module 128) based on scanning output provided by scanmng

device 184 and INS data received from INS 116

Fig. 4A shows 2D map 480 representing the scanned area at a particular time
t1, and Fig. 48 shows 2D map 408°, which represents the scanned area at a later time
. As mentioned above, the relative map is accumulative as new scanning output
data is continuously being added to the existing data such that the relative map
combines scanning output data from a plurality of scanning operations. Alignment
between scanning output data from different {¢.g. consecutive) scanning operations is
done based on the INS data. As the vehicle proceeds new arcas arca added to the map

and arcas that reach the end of the map are excluded from further map updates.

According to the ifustrated example, between t: and © the UGV moved to the
north a distance represented by two cells of the maps. Thus, map 408° represents an
arca which has sigmficant overlap but is more northerly relative to the area of map
408. Black square 404 indicates the UGV and is located in both maps at the center of
the map, but duc to the movement of the UGV to the north between {1 and tz, the
obstacles have moved south relative to the UGY. Thus the obstacles represented in
map 400" as arcas 408', 412', 416" and 420" arc shown more southery as compare

to arcas 408, 412, 416 and 428 in map 460. The obstacle represented by area 428 of
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map 400 is not represented m map 400" since it 1s located i the southern area of map
400 which 1s not included in map 400’ The obstacle represented by arca 424 in map
400, on the other hand. is represented by area 424" wherem a larger part of it is
shown in map 408', and arca 432 appears at the northern part of map 404", It will be
appreciated that positive and negative obstacles are not depicted differently since
both types represent arca cells which are non-traversable and which the UGV needs

to avoid,

Notably, although sbstacles remain at the same locations and the UGV moves
relative 1o the environment, the maps are created relative to the UGY. The maps thus
represent the UGV at the same location within the maps while the obstacles are
moved in the opposite direction to the direction of movement of the UGV, As
mentioned above changes in the position of the UGV relative to the covironment is

determined based on INS data.

As explamed above the map is divided mto a gnd of cells, which are
classified to at least one of the at least following classes: non-traversable cell e,
representing an area comprising an obstacle or part thereof); and traversable cell G e,
representing an area not comprising an obstacle such that the UGV is unable to enter

the area or should avoid 1t for some other reason).

A cell s classified in accordance with the classification of the corresponding
area it encompasses within the map. In some examples, an chstacle or any part
thereof located within the arca of cell, renders the entire cell non-traversable. The
entire arca of a cell may thus be classitied as non-traversable even 1f an obstacle
detected within the area represented by the cell covers only a part of the cell's area,
c.g.. the size of the obstacle or obstacles or part thereof located within the area
represented by the cell is smaller than the entire area of the cell. Therefore, a ccll
classified as traversable ensures that the area represented by the cell s free of
obstacles. As cxemplified in Figs. 4a and 4b all obstacles cover complete cells, 1e.
the entirety of cach cell is cither an obstacle (i ¢. non-traversable) or not an obstacle

{1.c. traversable).

According to examples of the presently disclosed subject matter, the size of
the cells m the map s selected to equal or exceed the maximal accumulated drift of

the INS over some distance.

Thus, the cell size provides a safety threshold that protects against navigation
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errors resulting from INS drift. Larger cells provide for wider safety thresholds, and
thus provide for a smaller chance of hitting an obstacle duc to erroncous determined
vehicle position resulting from the deift. Notably, as the cell size is related to the
specific dnft of the INS, cell size may differ depending on the specific type of INS
which is used and its corresponding drift. Given a certain distance, a more accurate

INS allows to use smaller cells as 1t has less drift over the distance.

The distance upon which the maximal accumulated drift is determined, can
be for example, a dimension, such as the edge size of the area depicted by the map
(c.g. oner map 52). Altematively, in a different example the distance may be half of
the edge size of the area depicted by the map (¢.g. mmner map), which is relevant
when the UGV 1s located at the center of the map and can thus travel half the edge
size of the area before exiting the mapped arca and entering an area of a new/updated
map gencrated based on a more recent scanming oufput. According to another
gxample the distance can be the length of a diagonal crossing the area of the map
from one point {veriex) to an opposite point {vertex), which equals in a square
shaped map to about 1.41 times the edge length of the inner map. In another example
the distance is equal to half the diagonal length, where in a further example the
distance is equal to a diagonal of a rectangle that covers half the inner map area.

notably, other distances can be used as well.

When selecting the cell size to be larger than the maximal drift over the
distance of half the size of the area represented by the map ensures that the vehicle
can advance until the edge of the arca represented by the map without colliding with
an obstacle. For example, assuming the map size 18 70m by 70m, a dnft of one
degree over half the length of the map (35m) amounis to about 6lcm,
{35*tan({1)=0.61). Thercfore, if a cell size larger than 6lom s selected, the prosence
of an obstacle or part thereof in a cell, makes that cell non-traversable cell, even if

the obstacle or part thereof is smaller than 61 cm.

In some examples, cells may be square, but in other embodiments they may
have other shapes such as rectangular, in which case the size of cach dimension of
the cells relates to the maximal drift along the relevant direction over a determmed

distance.

According to one example cell size 1s determined in accordance with the map

update rate, and the maximal or expected velocity of the UGV, In such case, a
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distance which the UGV traverses between consecutive map updates can be
calculated and from that the drift of the INS over that distance can be denived. The
map update rate relates to the scanning rate of the scanner, and the time required for
generating/updating the relative map based on the scanming cutput data, keeping
mind that small cells meur a heavier computational burden. Generally, as the map

update rate increases or the velocity decreases, smaller cells may be used.

In further examples, the cell size may be determined in accordance with a
ratio between the map size squared expressed, for example, in sguare meters, and the
velocity ot the UGV, expressed, for example, in meter per second, multiplied by the

INS dnft, expressed for example in radian per second.

The fact that an entire cell is classified as non-traversable wrespective of the
actual size of the obstacle(s) located within the area of the cell together with the fact
that the size of the cell is greater than a maximal accumulated INS drift over a given
distance, protects from collision with obstacles which may result from INS drift over
the given distance. The accumulated drifi over the given distance can induce a
navigation error which is smaller than the size of a cell but not greater. Thus, as a
result of such error the UGV may deviate from its actual location only within the
boundaries of a cell. Since a traversable cell is completely clear of obstacles,
deviation within the boundaries of a cell does not pose a risk of collision with an

obstacle.

As mentioned above, according to some examples of the presently disclosed
subject matter the relative map can be created and updated i an accumulative
manner, in which readings are gathered as the UGV advances mnto the area. Initially,
scanning data of arcas bevond the scanning range of the scanner, or too close to the
scanner, for example i the range of 5m from the scanner in cach direction, is not
available for scanning. As the UGV advances, a map of the full area surrounding the
UGV, and within the scanning range, becomes available. Unce a map of the full area
that can be represented by the map is available, the map is updated as new arcas are
being scanned, as the UGV advances towards these arcas. However, peripheral areas
in the direction opposite the advancement direction are excluded from the maps as

they are being updated.

In some situations, objecis may appear or disappear between consecutive map

updates. As a result of the accumulative nature of the map that combines scanning
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output from different {¢.g. consecuiive} scanning operations, it is required to match
{or align} between clements {(¢.g. detected obstacles) that are detected in an carlier
scan and are not detected in a later scan, even when the clements are still located
within the area of the map. Disappearance of objects may be due for example to the
geometry of the UGV and the topography of the scanned arcas near the UGV, For
example, a hine of sight from the scanning device to an obstacle that has been
identified 10 meters ahead of the UGV in a first scanming operation can be blocked in
consecutive scanning operation dug to change in the orientation of the UGV resolting
from the topography. In other situations, object disappearance may be due to noise,
or due to scanning at different angles. For example, one scan may include readings
along odd angles (e.g., 1% 3° etc) relative to some direction, while the following
scan may include the even angles (e.g.. 2°, 4°, etc.). Newly appearing objects can be
indicated as non-traversable cells on the newly generated map. In some situations,
objects that have disappeared can still be represented as non-~traversable cells in one
or more further updated maps. For example, when objects are scanned from some
distance, and then disappear as the UGV gets closer to the objects, the objects may
be assumed to remain at their location and are indicated on the map, and may later
reappear once the UGV advances further. The locations of such objects relative to
the UGV may be deternined 1n accordance with the received INS data, indicating the
change in location of the UGV since the last map update. Thus, as mentioned above,
INS is unilized for matching between scanning output data obtained in different
scanning operations including determining changes in the position of the UGV
relative {o elements in the scanned environment, which arc identified in one scanning
operation and not identified in another {c.g. consccutive} scanning operation while

still located within the arca of the map.

Optionally, in order to save computation time and resources, or due to
scanner limitations or area fopography, part or all of previously scanned arcas are not
re-scanned, or the scanning information related to these areas is not processed as
consecutive maps that include representation of these arcas are generated. Rather the
nformation related to these arcas, obtained during previcus scans, is maintained and

used while updating the map.

As detailed below, the UGV advances in accordance with a map updated
using data received from INS 116 and from the scanning device, and can thus avoid

obstacles.
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Referring now back to Fig. 3, at block 388, according to some examples a

global path to a desired destination to which the UGV has to arrive may be obtained.

The global path may be calculated by processing circuitry 124, or received
from an external source via a communication module communicating for example
over an RF network. A global path may be received in the form of waypoints or

advancement mstructions.

The global path determination, if required. can mclude obtaining relative or
absolute coordinates of the current location of the UGV and of the destination, and
calculating a global path therebetween, using any path plamning method that is
currently known or will become kaown in the future. The global path can include one
or more waypoints through which the UGV has to pass along the global path. The
giobal path calculation may take mto account also data such as existing roads which
are to be used or the like. The global path calculation can also take into account

locations to be avoided such as existing roads which may be damaged by the UGV,

In some embodiments, the global path can be calculated m association with a
destination which 1s relative to the current location of the UGY. The destination can
be obtaimed 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 hight, a location in which a predetermuined gesture

1s performed by a person or a machine, or the like.

It will be appreciated that the examples mentioned above should not be
construed as hmiting and any other method of obtaining a target and determining a
global path from the current location to the destination can be used instead. For
example, a global path can be a colored line drawn or panted on a floor mside a
structure {indoor navigation), where the vehicle comprises a computerized vision
system comprising a camera operatively connected o a processing circurty {e.g.
destination/global path determination uwmit 116) contfigured 1o execute image
processing. The camera captures image of the colored hine and the obtained mmages
arg processed by an mage processing circuitry using for example well known line
detection algorithms {e.g. edge detection, segmentation, otc. ).

At block 312, once an updated relative map 1s available, the map can be use
for navigating the vehicle along a progression path within the mapped that avoids

detected obstacles. processing circwitry 124, B is noted that is 0ot necessary fo
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navigate along a global path and m various cases the relative map can be used for
navigating the vehicle without a global path. For example, an operator can use the
relative {e.g. mner "integrated”} map for navigating the vehicle. Or in another
example, a vehicle can autonomously navigate based on certain predefined rules or

other data while using the relative map for avoiding obstacles.

It will be appreciated that if no obstacles exist m the surroundings of the
UGY, for example if the cells representing areas expected to be traversed until the
next reading, as received from the scanning device, are indicated as traversable, then

the path may be used as 1s, without updates.

it will be appreciated that some objects represent an obstacle when accessed
from onc side, but not when accessed from another side. For cxample, a ramp
represents an obstacle when accessed from the side of the ramp, but not when
accessed from the front or from the back. Thus, according to some examples,
identification of obstacles in the map is dependent on a specific progression path of
the UGV, Given a certain possible progression path within the arca of the relative
map {referred to herein alse as "progression path” or "local path”}, it 1s determined
whether the UGV can traverse the mapped arca along that local path. According to
some oxamples, the UGY can simulate a plurality of possible progression paths
leading from 1ts current position to a desired location and identity within the mappe

arca, for cach simulated path, the respective obstacles of that path.

Furthermore, where multiple progression paths are simulated, classification
of the cells to non-iraversable and traversable can be repeated for each of the
stmudated paths. Thus, the identification of obstacles and classification of cells
accordingly can occur as the UGV advances through the area once the progression

ath or the simulated progression paths are known i real-time.
s

Ag the identification of obstacles and clagsification of cells into traversable
cells and non-traversable cells 15 dependent on the specific progression path of the
UGV, n some examples, pronounced obstacles which can be easily mitiallv detected
{at block 306} and other obstacles which depend on the specific progression map are
identified together with the generation/update of the progression map described with

reference to block 312.

As further demonstrated with reference to Figs. 6a. 6b and 7, in some

cxamples, where a global path to a certain destination is being followed, the global
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path is updated based on the progression path determined within the area represented
by the map {c.g. by processing circuttry 124 exccuting path updating module 136).
The global path mav be determined or updated so as to avoid obstacles mdicated by
non-traversable cells. The global path determination may also take into account
dangerous objecis as determined from a 2.5-dunension map, for example steep or
otherwise dangerous slopes. Global path determination may also take nto account
objects such as ramps. As mentioned above 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, in which

direction the ramp constitutes a dangerous slope.

At block 316, vehicle control sub-systems 112 can repeatedly (avtonomousiv)
generate steering commands to stcor the UGY 1 accordance with the available
relaive map along the determined progression path. While at block 312 the
integrated map (1.e. after classification of cell to traversable and non-traversable as
described with reference block 366) 15 used for generating or updating a progression
path, at block 316 the integrated map can be used during steering of the vehicle in
order to avoid collision with obstacles while proceeding along the progression path

which has been determined.

In some examples, when the UGV is driven by a driver who cannot see
outside the vehicle, nstead of providing steenng commands, a map with indications
of the non-traversable cells, the location of the UGV, and the path to be taken may be
shown to the driver, and the driver can steer the vehicle in accordance with the map.
For example, the map may be displayved on a display device, and updated whenever
updated readings from the scanning device are available, the UGY location is
updated based on the INS reading, or a new path is obtained. As mentiongd above,
the map can be displayed to the operator as a honzontal map orentated with the
heading of the vehicle (ego-sphere), thus enabling the operator to casily understand
the real-time picture of the surrounding environment relative to the current position
of the vehicle. Furthermore, in some examples a map can be displaved to the
operator as a 3 dimensional or 2.5 dimensional map with a certam ficld of view in the
direction of the heading thus, providing the operator with a graphical simulation of

the surrounding environment.

In some embodiments, INS readings mayv be received more ofien than
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scanner readings. Since the map is generated based on the scanner readings, the same
map may be used a number of times, wherein the cells and the steening instructions

are updated n accordance with the INS readings which provide updated information.

It will be appreciated that any two or more of the cycles of obtaining the
destination or the path, receiving the scanning device readings, receiving the INS
data and generating steering commands, may or may not be synchronized. By way of
a non-limiting example, the destination or path may be obtained cvery 16
milliseconds or more, ¢.g., 100 sulliseconds. However, in some tasks, for example
when commumnication is unavailable, the destination or path may be updated every
few minutes or even less frequently. By way of a non-limiting example, the scanning
device readings may be obtained every 10-500 milliseconds, ¢.g., 25 milliseconds,
and the IMU recadings may be obtained cvery 2-50 wuulliseconds, e.g., 20

milliseconds. Steering commands may be issued for example at 2-20Hz.

Thus, the order in which the steps of the flowchart of Fig. 3 are performed
may change, for example thev may be mterleaved or executed concurrently, and is

not hinted to the order as shown.

Fig. 6a 15 a schematic illustration, in top view, demonstrating a global path 61
leading vehicle 100 from its current position to a target destination T. The llustrated
path comprises a series of waypoints indicated by black circles. As can be seen in the
ilustration there are various obstacles {(e.g. trees, boulders) along the path that
restrict the advancement of the UGY. As disclosed herein, and schematically
illustration in Fig. 6b, as the UGV proceeds along the global path it continuously
generates and updates a relative map based on scanning output data and INS data. As
mentioned above, the map provides a real-time picture of the ecnvironment
suwrrounding the UGV and specifically is indicative of obstacle and their position
relative to the UGV, The UGV 1s thus enabled to determine a progression path (local
path) within the area of the relative map and travel according to the determined
progression path in the direction of the target destination while avoiding obstacles.
Thus, as shown in Fig. 6b progression paths determuned based on the continuous
updates of the relative map effectively update global path 61 as indicated by the
broken line 63. Fig. 6b. shows UGV 160 and respective relative {ego-sphere) maps at

various positions along the way from the starting point to the target destination T.

As explained above in some examples navigation along a global path leading
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to a designated destination s executed by GPS (located on-board the UGV) used for
navigating according to absolute coordinates, while obstacle avoidance is executed
based on the relative map which is being continnously generated. As further

mentioned above, a global path can be determined by other means.

Thus, as mentioned above with reference to blocks 308 and 312 in some
examples, two maps are generated for navigating the vehlicle: A global map
indicating a global path to a desired destination {followed according to absoluie
coordinates or some other technique) and a relative map (or integrated map),
covering a cortain limited area around the UGY, and indicating the position of

obstacles m the traversed area relative to the UGV,

In order to cnable navigation of the vehicle based on the global path, while
avoiding obstacies according to the relative map, the global map and relative map are
aligned. For example, svstem 102, (e.g. with the help of path updating module 136}
can be configured to receive GPS data indicative of the position of the UGV
absolute coordinates indicating its position relative to a global path lcading to a
desired destination and the relative map indicating the position of obstacles relative
to the UGV, align one with the other and provide the combined imformation to
vehicle control sub-system to ecnable the generation of appropriate navigation
mstructions for autonomously navigating the vehicle. Altematively or additionally,
the combined information can be displayved as a combined map on a display device.
Thus enabling an operator to visually moniior the progress of an autonomously
navigating vehicle and/or to enable an operator to control the vehicle based on the

combined maps which are displaved.

System 102 is further configured to dynamically update the combined map
according to updates in the global map and the relative map that occur as the vehicle

advances along the global path and display the

Fig. 7 1s a flowchart of operations carried out for generating, updating and
displaving a combined map, according to some examples of the presently disclosed
subiect matter. Operations described with reference to Fig. 7 can be exccuted for
example by a dedicated processing circuitry in navigation system 102. According to
other cxamples, these operations can be executed at a remote computerized device
located for example at a control station. As the UGV advances through the area the

relevant mapping data 1s transmitied to the control station. Responsive to receiving
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from the UGV the mapping data, the combined map is generated and/or updated and

displaved on a display device at the control device.

At block 761 data mndicative of the current position of the UGV relative to a

global map that comprises at least a global path leadimg to a target destination is

5 received. This information can be obtaimed for example, from destination/global path
determination unit 116, The operations described with reference to block 701

overlaps with the operations described above with reference to block 308,

At block 783 data mdicative of recent updates to the relative map 1s received
{c.g. at module 136). This information can obtained for example, from relative map
10 generation/update module 128, The operations described with reference to block 783

overlaps with the operations described above with reference to block 306.

The mapping data with respect to the global map and the relative map is

repeatedly received as the vehicle progresses and the mapping data is updated.

Wotably, since the update rate of the relative map may be different than the

15 update rate of the global map alignment between the two maps requires specific
synchronization. For cxarmple, assuming the GPS data 1s updated twice i cvery
second (2 Hertz} and the relative map is updated 10 times in every second (10 Hertz),

it 18 needed to synchronize between relative map updates and global map updates.
Thus, according to some examples a first time stamp s added to each update of the

20 relative map and a second time stamp is added to cach updated of the global map.
The first and second time stamps indicate the time the data used for updating the map

was obtained from the relevant sensors (including for example, the scanning device

and INS for the relative map, and GPS or image sensor for the global map). Time

tags can be added to the data as part of the data generation process. For example,

25  time tags can be added to the relative map by processing circuitry 124 as part of the
relative map gencration or update process. Time tags can be added to the global map

by destination/global path obtaining unit 116

At block 785, temporal alignment between an updated of the relative map and

an update of the global map is performed based on the time tags assigned to the

30 relative map and the global map For cxample, data indicative of the absolute
coordmates of the UGV {e.g. as received from GPS) 1s matched to the respective
relative map based on the time stamp given to the absoluie coordinates readings and

the time stamp given to the scanning device reading and INS readings used for
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generating the relative map.

At block 787, spatial alignment between the relative map (e.g. inner map) and
the global map 1s executed by matching between the global coordinates (determined
by the GPS) indicating the position of the UGV in the global map and local
coordinates (determined by the INS) mdicating the position of the UGV in the
relative map. Thus, the position of the UGV m the two maps 15 used as a reference

point for spatially aligning the two maps and thereby generating a combingd map.

In some examples, the operations described with reference to blocks 708 and
707 can be execuied as part of the operations described above with reference to

block 312

In some examples, at block 789, the combined map s displayed on a display
device, e.g. a display device at a control station to enable monitoring the vehicle as 1t
progresses along the path to its destination. As the vehicle advances the two maps are
maintained in alignment and the displaved data is being continuously and

dynamically updated in accordance with the newly generated mapping data.

It is noted that the teachings of the presently disclosed subject matter are not
bound by that described with reference o Fig. 3 and the components described with
reference to Fig. 1. Equivalent and/or modified fimetionality can be consolidated or
divided in another manner and ¢an be implemented in any appropriate order or

combination of software, firmware and hardware and executed on a suitable device.

It 1s to be understood that the mvention is not limited i its application to the
details set forth in the description contained herein or illustraied in the drawings. The
invention is capable of other embodiments and of being practiced and carried out in
various ways. Hence, it i3 to be understood that the phraseclogy and terminology
employed herein are for the purpose of descnption and should not be regarded ag
hinmiting. As such, those skilled in the art will appreciate that the conception upon
which this disclosure 15 based may readily be utilized as a basis for designing other
structures, methods, and systems for carrving out the several purposes of the

presently disclosed subject matter.

ft will also be understood that the sysiem according to the invention may be,
at least partly, implemented on a suitably programmed computer. Likewise, the
mvention contemplates a computer program being readable by a computer for

executing the method of the mvention. The invention further contemplates a non-
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transitory computer-readable memory tangibly embodying a program of instructions
exccutable by the computer for executing the method of the invention.

Those skilled in the art will readily appreciate that various modifications and
changes can be applied to the cmbodiments of the invention as hereinbefore

5 described without departing from its scope, defined in and by the appended claims.
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CLAIMS

1. A method of navigating a vehicle (100), the vehicle comprising a
scanning device (104) and a self-contained navigation system, SCNS (108) being
operatively connected to a computer (124), the SCNS providing data indicative of a
current position of the vehicle relative to a previous position, the method comprising:
operating the scanning device (104) for repeatedly executing a scanning operation,
where each scanning operation includes scanning an area surrounding the vehicle, to
thereby generate respective scanning output data; operating the computer for
generating, based on the scanning output data from multiple scanning operations, a
relative map representing at least a part of the area, the relative map having known
dimensions and being relative to a position of the vehicle, wherein the relative map
comprises cells, each cell being classified to a class selected from at least two
classes, comprising traversable and non-traversable; the method is characterized by:
each cell is characterized by dimensions equal or larger than an accumulated drift
value of the SCNS (108) over a predefined distance, wherein the predefined distance
is derived from one or more of the known dimensions of the relative map; wherein
non-traversable cells correspond to obstacles identified in the scanning output data;
receiving SCNS data and updating a position of the vehicle relative to the cells based
on the SCNS data, enabling to generate instructions for controlling the vehicle
movement within the area based on the relative map, while avoiding non-traversable

cells.

2. The method of claim 1, wherein updating a position of the vehicle
relative to the cells based on the SCNS data includes updating the position of the
vehicle relative to obstacles detected in scanning output data of a previous scanning
operation from the multiple scanning operations and not detected in scanning output
data of a current scanning operation from the multiple scanning operations, while the

obstacle is still located within the scanned area.

3. The method of any one of the preceding claims further comprising:
applying the instructions for controlling the vehicle within the area based on the

relative map, to thereby avoid non-traversable cells.

4. The method of any one of the preceding claims, wherein generating of
the relative map comprises: continuously accumulating scanning output data from a

plurality of consecutive scanning operations and combining the scanning output data
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obtained in the consecutive scanning operations into the relative map using SCNS

data and not GPS.

5. The method of any one of the preceding claims further comprising:
navigating the vehicle within an area represented by the relative map while avoiding
non-traversable cells based on the relative map and the SCNS and not GPS, while
navigating the vehicle towards a target destination along a global path, using at least

one navigation means other than the SCNS.
6. The method of claim 5, further comprising:

aligning between a global map comprising the global path leading to the
target destination and the relative map, thereby providing a combined map leading to

the destination, wherein the aligning comprises:

using time tags for temporally aligning between an update of the global map

and an updated of the relative map;

spatially aligning between the global map and the relative map by matching
between the position of the vehicle in the global map and the position of the vehicle

in the relative map.

7. The method of any one of claims 1 to 6, wherein the predefined
distance is equal to any one of: a dimension of an area represented by the relative
map; a half of a dimension of the area represented by the relative map; and a

diagonal connecting opposite vertexes of the relative map.

8. The method of any one of the preceding claims, wherein the SCNS

(108) is an inertial navigation system.
9. A system (102) mountable on vehicle (100), the system comprising:

a scanning device (104) for scanning an area surrounding the vehicle, to
thereby provide scanning output data providing information about distances between

objects in the area and the vehicle in a multiplicity of directions;

a self-contained navigation system, SCNS (108) for providing data indicative
of a current position of the vehicle relative to a previous position; and at least one

processor (124);

the scanning device (104) is operable to repeatedly execute a scanning

operation, where each scanning operation includes scanning an area surrounding the
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vehicle, to thereby generate respective scanning output data;
the at least one processor (124) is configured to:

generate, based on the scanning output data from multiple scanning
operations, a relative map representing at least a part of the area, the relative map
having known dimensions and being relative to a position of the vehicle, wherein the
relative map comprises cells, each cell is classified to a class selected from a group

consisting of traversable and non-traversable; the system is characterized by:

each cell is characterized by dimensions equal or larger than an accumulated
drift value of the SCNS over a predefined distance, which is derived from one or
more of the known dimensions of the relative map; wherein non-traversable cells

correspond to obstacles identified in the scanning output data;

receive SCNS data and update a position of the vehicle relative to the cells
based on the SCNS (108) data, thereby enabling to generate instructions for
controlling the vehicle movement within the area based on the relative map, while

avoiding non-traversable cells.

10. The system of claim 9, wherein the generating of the relative map
comprises: continuously accumulating scanning output data from a plurality of
consecutive scanning operations and combining the scanning output data obtained in
the consecutive scanning operations into the relative map, using SCNS data and not

GPS.

11. The system of any one of claims 9 or 10, wherein the at least one
processer (124) is further configured to: navigate the vehicle within an area
represented by the relative map while avoiding non-traversable cells, based on the
relative map and the SCNS, without using GPS, while navigating the vehicle towards

a target destination, using at least one navigation means other than SCNS.

12. The system (102) of claim 11, wherein the at least one processor (124)
is further configured to: align between a global map comprising a global path leading
to the target destination and the relative map thereby providing a combined map
leading to the target destination that comprises a global path which has been updated

based on the relative map.

13. The system of any one of claim 9 to 12 wherein the predefined

distance is equal to any one of:
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a dimension of an area represented by the relative map;
a half of a dimension of the area represented by the relative map; and
a diagonal connecting opposite vertexes of the relative map.

14. The system of any one of claims 9 to 13, wherein the SCNS is an

inertial navigation system.

15. A vehicle (100), comprising a system (102) according to any one of

claims 9 to 14.

16. The vehicle (100) of claim 15 wherein the vehicle is any one of:
unmanned ground vehicle; manned ground vehicle; unmanned aerial vehicle;

manned aerial vehicle; unmanned marine vehicle; manned marine vehicle.

17. A computer program product comprising a computer readable storage
medium retaining program instructions, which program instructions when executed
by a processor, cause the processor to perform the method according to any one of

claim 1 to 8.
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