OBSTACLE AVOIDANCE IN AUTONOMOUS
VEHICLES

FIELD OF INVENTION

The presently disclosed subject matter relates to unmanned vehicles, and

more particularly to obstacle avoidance by unmanned vehicles.
BACKGROUND

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 maneuver the vehicle,

Various methods of obstacle avoidance during navigation of UGVs are known.
One example is vector field histogram (VFH) and its variants including VFH+ and
YFH"

GENERAL DESCRIPTION

The presently disclosed subiect matter is related to obstacle avoidance during
autonomous navigation of a UGY. Obstacle avoidance of autonomous vehicles is a
challenging task in general, particularly when navigating in an area which is densely
crowded with obstacles, leaving the vehicle with fimited maneuvering space. In such
scenarios, the vehicle is many times required to maneuver very close to cbstacles,
and therefore an accurate method of detecting obstacles and controlling the vehicle
is needed. Furthermore, this challenge becomes even more demanding when the
vehicle is characterized by an asymmetric contour, and, accordingly, its ability to

safely traverse through an area depends on its direction of movement.

In many cases, while traversing an area densely crowded with obstacles, a

UGV is reguired to perform a point-turn. The term "point-turn” or "rotation” as used



herein refers to a turn where the center of rotation is located along a driving
symmetry axis, which is a line intersacting a first driving element axis on one side of
the vehicle, and a second driving element axis on the other side of the vehicla. The
term "driving element” refers to a device or system used for driving the vehicle and
includes, for example, wheels and tracks. During a point-turn the driving element on
one side of the vehicle turns in one direction {e.g. forward} and the other driving
element on the cother side of the vehicle turns in the opposite direction {e.g.
reverse), resulting in rotation of the wehicle about a point along the driving
symmetry axis. As explained further below in some examples, only one driving
element on one side may move during a point-turn, in which case the vehicle turns

about a rotation point which is located on the immobile driving element axis.

Since this type of turn allows the vehicle to make a tight {in a confined space}
rotation while substantially staying in the same place, point-turns are used when
there is limited space for turning. Figs. la-lc¢ are schematic illustrations
demonstrating point-turns. lllustration 12, 1a and 1c¢ each show a vehicle {18} with a
[eft driving element {e.g. left tracks LT} and right driving element {right tracks RT).
The arrows on the side of the driving element indicate, by way of example, the
direction of motion of esach respective driving element. The broken line (SA)
indicates a driving symmetry axis crossing the vehicle and extending from a left
driving axis {L-DA) to a right driving axis {R-DA}); e.g. at the center between the
driving elements. The solid black circle indicates the rotation point of the vehicle
{RP). The distance of each rotation point from the vehicle's driving elements is

proportional to the velocities of the driving element on each side.
V1/V2is proportional to Di/D>
Where:

Vq is the velocity of a first driving element on a first side of the vehicle {e.g.

velocity of right tracks RT in Figs. 1a-1c).



Y7 is the velocity of a second driving element on a second side of the vehicle

{e.g. velocity of left tracks LT in Figs. 1a-1c).

D is the distance of the rotation point from the first driving element {e.g. RT})
axis.

D is the distance of the rotation point from the second driving element {e.g.

LT) axis.

Fig. 1a is an example where both the right tracks RT and the left tracks LT
move at the same velocity {as indicated by the arrows on each side that have the
sarme length), in which case the vehicle rotates about a rotation point located at the
center of the symmetry axis at a substantially equal distance from the left driving
element and the right driving element. The circle indicated by the broken line shows
the turning radius {TR) of the tracks. The angular velocity of the tracks is a function
of the linear velocity and the distance of the track from the turning point, according
to the known relation v = r {0, where v is the linear velocity r is the radius of turn and
omega is angular velocity. In this example, as both tracks have an equal linear

velocity, their angular velocity is equal as well.

Fig. 1b is an example where the velocity of the left tracks LT is zero and the
velocity of the right tracks BT is greater than zero {as indicated by the absence of an
arrow on the left sidel, in which case the vehicle rotates about a rotation point

located on the left tracks, i.e. the distance from the rotation point to the left tracks is

Zero.

Fig. 1c is an example where the velocity of the left tracks LT is 20% of the
velocity of the right tracks RT. in this case the vehicle rotates about a rotation point
located at a distance from the right driving element RT which is five times its
distance from the left driving element LT {the total length of & is divided by the
rotation point such that: D1 = 5%D2). The relative turning radiuses of the driving

element on each side is also shown as TRizrr and TRriguar.



Proceeding to Figs. 2Aa-2Ac¢ that show schematic illustrations demonstrating
rotation maneuver of a vehicle characterized by an asymmetric perimeter. Fig. 2Aa
shows a vehicle having its front end pointing to the north, as indicated by the dark
arrow on the back of the vehicle. It can be noted that the contour of vehicle 18 is
characterized by a greater protrusion on the left side as compared to the right side.
The asymmetric contour of the vehicle can result for example, from the structure of
the vehicle {e.g. a vehicle carrying an implement protruding from one of its sides} or
from a cargo being loaded onto the vehicle in an asymmetric manner. Assuming the
vehicle needs to turn back to the direction it came from, the vehicle can only make a
point-turn {or reverse backwards), or otherwise it would collide with the obstacles

surrounding the vehicle {wall 11 and rock 12).

The vehicle can make a point-turn either to the left or to the right. If the
point-turn is made to the left, the vehicle would not collide with the boulder 12 {Fig.
2ab). i, on the other hand, the point-turn is made to the right, the vehicle would
coliide with the bouider 12 {as indicated by arrow 43 in Fig. 2Ac). In other examples,
the vehicle may not be able to make a point-turn to sither side without colliding with
an obstacle, and in such a case it would be compelled to drive backwards {in reverse}

until it reaches a position where it can rotate.

Figs. 2Ba-2Bc are schematic illustrations demonstrating rotation maneuver of
a vehicle characterized by an asymmetric perimeter. in illustration A {initial position)
the vehicle is positioned with its front end pointing to the north, as indicated by the
dark arrow on the back of the vehicle. In case the vehidcle needs to rotate and face
the direction indicated by arrow 14, the shorter maneuver for positioning the vehicle
in the desired direction would be taking a right turn, while a longer maneuver for
positioning the vehicle in the desired direction would be taking a left turn. However,
as shown in Fig. 28b a right turn would result in a collision with boulder 12 while a
left turn as shown in Fig. 2Bc would avoid such a collision. Thus, taking the left turn is

preferable in this case.



The presently disclosed subject matter includes a computerized method and
a control system mountable on a vehicle for autonomously controlling the vehicle
and enabling to execute a point-turn while avoiding collision with nearby obstacles.
More specifically, the proposed technigue enables an autonomous vehidls,
characterized by an asymmetric contour, to execute a collision free point-turn, in an
area crowded with ohstacles. The disclosed method enables execution of a point

turn quickly, without requiring the vehicle to stop.

According to an aspect of the presently disclosed subject matter there is
provided a computer implemented method of autonomously maneuvering a vehicle

during a point-turn, the method comprising:

operating a scanning device from onboard the vehicle for scanning an area
around the vehicle in a plurality of directions and generating real-time scanning

output data;

operating a processing unit comprising at least one processing circuitry

operatively connected to the scanning device, for:

generating, based on the realtime scanning output dats, a range map
inciuding K set{s} of real-time range values, wherein K 2 1; each set comprising a
plurality of real-time range values, each range value in the set is determined from a
given rotation-point of the vehicle towards a certain direction; each set of real-time
range values having a corresponding set comprising a plurality of vehicle-contour
range values; each vehicle-contour range value in the corresponding set is
determined from the given rotation-point to the perimeter of the vehicle in a

respective direction;
for each set of the K sets:

determining differences between real-time range values in the

set and corresponding vehicle-contour range values in a corresponding set;



.

determining, based on the differences, conditions for

executing a point-turn that avoids collision with nearby objects; and

generating a point-turn command for causing the vehicle to execute a point-

turn according to the point-turn conditions.

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 {vi) listed below, in any technically possible combination or permutation:
i Wherein the rotation point is on a symmetry axis of the vehicle;

ii. The method further comprising operating a scanning device from
onboard the vehicle for scanning an area around the vehicle in a plurality of

directions and generating the real-time scanning output data;

iii. The method further comprising executing the point turn command

and causing the vehicle to turn accordingly.

iv. wherein K =1 and the rotation point is located at the center of a

driving symmetry axis of the vehicle.

v, wherein K»1, and determining conditions for executing a point turn

further comprises:

determining a selected rotation point from a plurality (K} of possible rotation

points along a driving symmetry axis of the vehicle.

v, wherein the point-turn command includes data indicating a first
velocity of a first driving element of the vehicle and a second velocity of a second
driving element of the vehicle, on the opposite side relative to the first driving

element, during the point-turn; the method further comprising:

determining the first velocity and the second velocity according to the
selected rotation point and its distance from the first driving element and the second

driving element.



Vi, The method further comprising retrieving from a computer storage
device on-board the vehicle one or more corresponding sets of vehicle-contour
range values measured from a certain point along the driving symmetry axis of the

vehicle.

viil. wherein the conditions include: whether a point turn is allowed or

not; direction of an allowed point turn; and range of an allowed point turn.

ix. wherein each set of real-time range values and its corresponding set
of vehicle-contour range values include range values corresponding to overlapping

directions {overlapping angles).

X. The method further comprising executing the point-turn command for
operating one or more vehicle control sub-systems and maneuvering the vehicleina

point-turn,

xi. wherein each of the K sets of real-time range values and their
corresponding sets of vehicle-contour range values are plotted in a first histogram
and a second histogram, respectively; and wherein determining differences between
real-time range values in the set and corresponding vehicle-contour range values in a
corresponding set is executed by shifting between relative positions of the first
histogram and second histogram and comparing values in the two histograms in

different relative positions.

xii. The method further comprising determining one or more sets of
vehicle-contour range values based on scanning device readings reflected from the

perimeter of the vehicle.

Xiii. The method further comprising dstermining one or more sets of
vehicle-contour range values based on image processing of a top-view image of the

vehicle,
Xiv, The method further comprising,

while the vehicle is travelling, updating the vehicle-contour range values.



XV, The method further comprising implementing filtering on the rsal-
time range values, and ignoring real-time range valuss which are greater than a

certain threshold value.

Xvi. The method wherein the vehicle is characterized by an asymmetric

vehicle perimeter.

According to another aspect of the presently disclosed subject matter

there is provided an unmanned vehicle, comprising:

a scanning device for scanning an area around the vehicle in a plurality of

directions and generating real-time scanning output data;

a vehicle control sub-system configured to receive vehicle control

instructions and control the vehicle in accordance with the instructions; and
at least one processor configured to:

generate, based on the real-time scanning output data, a range map
including K sets of real-time range values, wherein K 2 1; each set comprising a
plurality of real-time range values, each range value in the set is determined from a
given rotation-point of the vehicle towards a certain direction; sach set of real-time
range values having a corresponding set comprising a plurality of vehicle-contour
range values; each vehicle-contour range value in the corresponding set is a distance
measured from the given rotation-point to the perimeter of the vehide in a

respective direction;
for each set of the K sets:

determine differences between real-time range values in the

set and corresponding vehicle-contour range values in a corresponding set;

determine, based on the differences, conditions for exscuting

a point-turn that avoids collision with nearby obiects;



generate a point-turn command for causing the vehicle to execute a point-

turn according to the point-turn conditions; and

the vehicle control sub-system is configured to execute the point-turn

command and control the vehicle to turn accordingly.

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

provided a system mountable on an unmanned vehicle, comprising:
at least one processor operatively connected to a scanning device;

the scanning device is configured to scan an area around the vehicie in a

plurality of directions and generate real-time scanning cutput data;
the at least one processor configurad to:

generate, based on the real-time scanning output data, a range map
inciuding K sets of real-time range values, wherein K 2 1; each set comprising a
plurality of real-time range values, each range value in the set is determined from a
given rotation-point of the vehicle towards a certain direction; sach set of real-time
range values having a corresponding set comprising a plurality of vehicle-contour
range values; each vehicle-contour range value in the corresponding set is a distance
measured from the given rotation-point to the perimeter of the vehicle in a

respective direction;
for each set of the K sets:

determine differences between real-time range values in the set and

corresponding vehicle-contour range values in a corresponding set;

determineg, based on the differences, conditions for executing a point-

turn that avoids collision with nearby objects;

generate a point-turn command for causing the vehicle to execute a point-

turn according to the point-turn conditions; and
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transmit the point-turn command to a vehicle control sub-system where the

command is executed.

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, the program instructions, when read by a
processar, cause the processor to perform a method of autonomously maneuvering

a vehicle during a point-turn, comprising:

receiving real-time scanning output data; the real-time scanning output data
is generated by a scanning device from onboard the vehicle for scanning an area

around the vehicle in a plurality of directions;

generating, based on the real-time scanning output data, a range map
including K sets of real-time range values, wherein K 2 1, each set comprising a
plurality of real-time range values, each range valug in the set is determined from a
given rotation-point of the vehicle towards a certain direction; each set of real-time
range values having a corresponding set comprising a plurality of vehide-contour
range values; each vehicle-contour range value in the corresponding set is a distance
measured from the given rotation-point to the perimeter of the vehicle in a

respective direction;
for each set of the K sets:

determining differences between real-time range values in the

set and corresponding vehicle-contour range values in a corresponding set;

determining, based on the differences, conditions for

executing a point-turn that avoids collision with nearby objects; and

generating a point-turn command for causing the vehicle to execute a point-

turn according to the point-turn conditions.

in addition, the system, unmanned vehicle and computer program producs,

of the presently disclosed subject matter can optionally comprise one or more of



features (i) to {xvi} listed above, mutatis mutandis, in any technically possible

combination or permutation.
BRIEF DESCRIPTION OF THE DRAWINGS

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:

Figs. 1a -1c shows schematic Hllustrations in top-view demaonstrating relative

positions of rotation point of a vehicle;

Figs. 2Aa-2Ac show schematic illustrations in top-view demonstrating a point-

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

Figs. 2Ba-2Bc show schematic illustrations in top-view demonstrating a point-

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

Fig. 3 is a block diagram of a UGY with an autonomous control unit, in

accordance with certain examples of the presently disclosed subject matter;

Figs. 4a and 4b are schematic illustrations in top-view of a vehicle with
asymmetric contours and difference between vehidle-contour range values as a
function of the rotation point, in accordance with certain examples of the presently

disclosed subject matter;

Fig. 5 is a flow-chart of operations carried out in accordance with certain

examples of the presently disclosed subject matter;

Figs. Ba-6b demonstrate a first schematic iHustration of comparative
histograms, in accordance with certain examples of the presently disclosed subject

matter;

Figs. 7a-7h demonstrate a second illustration of comparative histograms, in

accordance with certain examples of the presently disclosed subject matter;



Figs. 8a-8h demonstrate a third iustration of comparative histograms, in

accordance with certain examples of the presently disclosed subject matter;

Fig. 9 demonstrates calculation of a range from a rotation point RP to a point
P on vehicle edge based on range from sensor to point P, accordance with certain

examples of the presently disclosed subject matter; and

Fig. 10 demonstrates calculation of a range from a rotation point RP to an
gbiect based on range from sensor fo the object, in accordance with certain

examples of the presently disclosed subject matter.
DETAILED DESCRIPTION

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, procedurss, components and circuits have not been described in detail so

as not to obscurs the presently disclosed subject matter.

Unless specifically stated otherwise, as apparent from the following
discussions, it is appreciated that throughout the specification discussions utilizing
terms such as “operating”, "generating”, "determining”, "processing”, "executing”,
"comparing” or the like, refer to the action{s) and/or processies) of a computer that
manipuiate and/or transform data into other dats, said dats represented as physical,

such as electronic, guantities and/or said data representing the physical ohjects.

The terms "processing unit” {e.g. processing unit 116 described below with
reference to Fig. 3}, “computer”, "control unit”, or the like should be expansively
construed to include any kind of hardware electronic device with data a processing
circuitry that includes one or more computer processors {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
spacific integrated circuit {ASIC), et} and is capable of executing computer
instructions as disclosed herein below {e.g. loaded on a computer memory

operatively connected to the processing circuitry).

Fig. 3 illustrates a general schematic diagram of components of the disclosed
system in accordance with some examples. Elements in Fig. 3 can be made up of a
combination of software and hardware and/or firmware that parforms the functions
as defined and explained herein. it should be understood that in other examples of
the presently disclosed subject matter, the system may comprise fewer, more,
and/or different elements than those shown in Fig. 3. Accordingly, the specific
structure shown in Fig. 3 is provided by way of example and should not be construed
as limiting. For example, processing unit 116 can be otherwise divided into a
different combination of modules than those shown in Fig. 3 for performing the

same opaearations.

Some 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.

The term “scanning device” as usad herein should be expansively construed
to include any kind of device configured to determine a range from the device to a
specific direction relative to the device. Examples of scanning devices include, but
are not mited to: faser scanners {including LIDAR), RADAR, images sensor, sonar,
etc. A scanning device can scan for example, 360° on a plane surrounding the device,
or at some other smaller scanning angle {e.g. 180%). Alternatively, the scanning
device can scan a sphere or part thereof around the scanning device. In some
examples, a scanning device can provide information for generating a 3 dimensional
map of the scanned area. in some embodiments, in order to save resources, a 2.5

dimensional map may be generated, as detailed below.
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The term "substantially” is used herein to imply the possibility of variations in
values within an acceptable range. According o one example, the term
"substantially” is used to imply a variation of 10% over or under a prescribed value.
According to one exarmnple, the term “substantially” is used to imply a variation of 5%
over or under a prescribed value. According to one example, the term "substantially”
is used to imply a variation of 2.5% over or under a prescribed value. According to
one example, the term “substantially” is used to imply a variation of 1.25 % over or

under a prescribed value.

Reference is now made to Fig. 3, showing a schematic block diagram of a
navigation systermn 102 mounted on a UGV 100, in accordance with some examples of

the presently disclosed subject matter.

As illustrated, system 182 can be installed on UGY 100. 1t will be appreciated
that system 102 can comprise components, some of which may also serve purposes
other than those described herein, and that components of system 102 may be

located at different places on UGV 160,

MNavigation system 102 can comprise or be otherwise operatively connected
to one or more than one scanning device 1084 mounted on-board the vehicle
configured to scan an area surrounding the vehicle, and provide scanning output
data. Scanning cutput data includes information indicative of the location of objects
relative to the vehicle in a multiplicity of directions around the vehicle. As the vehicle
travels through an area, the scanning device continuously scans the area surrounding
the vehicle, and a range map is dynamically generated based on the scanning output
data, indicating the real-time position of the vehicle relative to objects in the

traversed area.

System 102 can further comprise or be otherwise operatively connected fo
various navigation devices 110 such as inertial navigation system (INS) and GPS

receiver.



System 102 can further comprise or be otherwise operatively connected to
vehicle control sub-system 108 that includes for example, steering control unit for
controliing the steering of the vehicle, gear control unit for control the gear of the
vehicle during driving, throttle control unit for controlling accelerating and
decelerating, etc. Vehicle control sub-systerm 108 is configured in some examples to
receive vehicle navigation instructions and in response generate instructions {e.g.
steering commands) for controdling the movement of the UGY 100 according to the

navigation instructions.

System 102 can further comprise or be otherwise operatively connected to
one or more computer data storage devices 112 for storing information such as
maps {including the range map), information on obhstacles, navigation instructions, or
the like. As sxplained further below, data storage devices 112 can be also used for

storing vehicle-contour range values.

Navigation system 102 further comprises or is 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
operatively connected to a computer-readable storage device having computer

instructions stored thereon to be executed by the computer processor.

According to one example, different elements in system 102 can be
implemented each as a dedicated processing circuitry comprising dedicated
computer processor and computer data-storage for executing specific operations.
Alternatively or additionally, one or more elements can be part of a common
processing circuitry configured to execute operations according to instructions

stored in the elements.

For example, system 102 can comprise processing unit 316 configured to
execute several modules, which can be implemented in some examples as

instructions stored on a non-transitory computer-readable medium. For illustrative
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purposes, such modules are shown and referred to herein as comprised in the
processor. Notably, in some examples, part of the processing can be performed by a
computer located remotely from the UGV and configured to receive input data from
system 3102 and provide the proceassing output to the system over a communication

fink.

As mentioned above, computer storage device 312 in navigation systerm 162
can be used for storing vehicle-contour range values. "Vehicle-contour range values”
are ranges extending from a certain {potential} rotation point of the vehicle towards
the edges of the vehicle. Figs. 4a and 4b are a schematic illustrations showing two
examples of vehicle 10 from top-view and a multiplicity of lines exdending from a
rotation point RT towards the edges of the vehicle {marked by bold line 17). Fig. 4a is
an example where the rotation point is located at the center of the driving symmetry
axis and Fig. 4b is an example where the rotation point RY is located off-center of the
driving symmetry axis. Each line indicates a distance from a rotation point to a
vehicle edge in a specific direction. The number of ranges can vary according to the
desired angular resolution, e.g. 180 range values for a 2° angular resolution, 360
range values for a 1° resolution, 720 range values for 0.5° resclution (range
determined for every half an angle}, and so forth. As explained above, with reference
to Fig. 4, the rotation point is located somewhere on the symmetry axis of the left
and right driving element. The exact location of a rotation point along the axis
depends on the relative velocity of a driving element on one side and a driving
element on the opposite side. Or, in other words, given a certain velocity of a driving
element on one side and a certain velocity of a driving element on the opposite side,

the vehicle rotates around a certain rotation point.

The vehicle-contour range values depend on the specific geometrical
characteristics of each vehicle and therefore differ in different types of vehicles. The
vehicle-contour range values can also depend on auxiliary equipment {e.g.
implements or cargo) loaded on the vehicle if such equipment protrudes beyond the

edges of the vehicle.



According to some examples, processing unit 116 is configured to receive the
scanning output data and generate a range map {e.g. by range map generation
module 130) comprising at least one set of plurality of real-time range values {also
referred to herein as “real-time obstacle range values"). Fach real-time range values
is a range measured from a certain rotation point in a certain direction around the

vehicle, possibly indicating a nearby obstacle.

According to further examples, processing unit 116 is configured to calculate
range difference values {e.g. by range differences calculator 132). As used herein the
term "range difference values® refers to the differences between the real-time range
values and their corresponding vehicle-contour range values. A more detailed
description of the range map generation and the calculation of the range difference

values is provided below with reference to Figs. 5-8.

When a vehicle characterized by an asymmetric shape makes a point-turn,
the distances between the vehicle edges and the surrounding objects change with
the turn. This is also true for any vehicle that makes a point-turn about a rotation

point that is not at the center of the driving symmetry axis.

According to some examples disclosed herein, while the vshicle is
maneuvering through an area, processing unit 1186 is configured to calculate in real-
time, the differences between real-time range values dstermined based on realtime
scanning output and the vehicle contour range values, and determine the difference
range values.

Processing unit 116 can be further configured {e.g. by pointturn
determination module 134) to determine, based on the calculated differences,

conditions for making a point-turn.

Processing unit 116 can he further configured {e.g. by point-turn command
generation module 136} to generate a point-turn command and transmit the

command to the vehicle control sub-system where it is executed.



Reference is now made to Fig. 3, showing a flowchart of operations carried
put according to some examples of the presently disclosed subject matter.
Operations are described below with reference to elements in Fig. 3, however this is
done by way of example only and should not be construad as limiting, and it should
be understood that other system designs providing the same functionality are

contemplated within the scope of this disclosure.

At biock 501 vehicle-contour range values are obtained and stored in 3
computer data storage device in system 102, This stage can be executed, in some
examples, as a preparatory stage before operation of the UGV and/or execution of 3
point-turn. The vehicle-contour range values can be determined by measuring the
ranges from a rotation point RP to the edges of the vehicle in 3 multiplicity of
directions. In some examples, vehicle-contour range values can be uploaded {e.z.
from a remote library over a communication link} and stored in system 102 in
storage device {112}, The library can include, for example, vehicle-contour range
values of various types of vehicles and provide the needed information to system

102 when installed on a vehicle of a certain type.

Furthermore, vehicle-contour range values of a given vehicle can include a
plurality {denoted by 'K') of sets of values, each set corresponding to a rotation point
at different locations along the driving symmetry axis. Thus, K can be any number
equal to or greater than 1. A greater number of optional rotation points {i.e. greater
K value) increases the flexibility when maneuvering the vehicle, as it provides greater
possibilities when performing a point-turn, and a greater ability to adapt to the real-

time environment.

According to some examples, system 182 is configured to determine the
vehicle-contour range values. To this end, processer 116 can be configured to receive
scanning output dafa {including for example, output data generated by a laser
scanner or a camera), process the output data, determine the vehicle range values,

and store the vehicle range values in the data storage device.



According to one example, a reflective material can be placed around the
edges of the vehicle {e.g. along line 17 in Fig. 4} and a scanning davice 104 {s.g. laser
or LIDAR] positioned on board the vehicle can be used for determining the contour
range values based on the reflections received from the edges. A set of vehicle
contour range values can be determined for each of one or more rotation points
along the driving symmetry axis of the vehicle, based on the offset location of the

scanning device and a respective rotation point, using geometrical principles.

Fig. 9 demonstrates calculation of a range (Rg) from rotation point RP to a
point P on vehicle edge based on range from sensor 15 to point P.

To this end the following equations can be applied:

Kg=2F8, rcos®, + AX

¥, =R, ssin®, + AY

R, =X

B, =aretan 2(¥; ,Xz)

Angle 85 is the angle at the rotation point between the longitudinal axis of

the vehicle and point P,

According to some examples, distances AX and AY, which are the right angle
distances between the RP and the sensor, can be pre-stored {e.g. in a computer
storage device 112} and be made available to processing unit 136, i more than one
optional rotation point is used for each rotation point a respective AX¢ and AY\. can

be stored and made available during execution of a point turn.

in another example, an image of the vehicle can be taken from a top-view
point in order to obtain an image showing the perimester of the vehicle. image
processing can be then implemented on the image for determining vehicle-contour
range values. The image can be captured by a camera positioned above the vehicle.

For example, a camera {124} can be installed on a pole or antenna onboard the



vehicle to provide the required vantage point. Alternatively or additionally, a drone
or some cther airborne device carrying a camera can be used to fly over the vehicle
and capture the image. Other methods can also be used a.g. using a camera
mounted on a crans positionad above the vehicle or determining vehicle-contour

range values during manufacturing and/or assembly of the UGV,

According to this example, system 102 can comprise an image processing unit
{e.g. image processor 128 in processing unit 116) configured for processing the

image and determining the vehicle-contour range values therefrom.

In some further examples, vehicle-contour range values are repeatedly {e.g.
perindically) updated in order to monitor for any changes in the contour of the
vehicle, e.g. in case cargo is removed or added, thus changing the outline of the
vehicle. To this end, the process of determining vehicle-contour range values can be
initiated while the vehicle is operating in the field, either responsive to an explicit
command or autonomously e.g. in response to a certain event or as a periodically

repeating process.

As mentioned above {and demonstrated in Fig. 4), vehide-contour range
values of a given vehicle can include a plurality of sets of valuss, where each set
corresponds to a rotation point located at different locations along the driving

symmetry axis.

At block 503, as the vehicle travels through the area, the scanning device is
operated to scan an area around the vehicle {perform a scanning operation) and
generate scanning output data, comprising readings of distances from the UGV to
objects in muitiple directions. The scanner is operated to provide the readings
repeatedly, at a rate depending, inter alig, on the device capabilities, user settings,
or the like. The readings may be received for a full cycle {360°) around the device, or
for a smaller angle, such as 1807, 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 cutput data may be receivad from

multiple scanners operatively connected to the UGV,

The scanning output data is transmitted to a computer processor {e.g.
processing unit 116}, where it is processed. At block 505, as part of the processing, a
range map comprising the real-time range values are determined {e.g. by range map
generation module 136). These values are calculated based on the scanning device
output data and the location of each rotation point relative to that of the scanning
device. Namely, the raw range values obtained by the scanning device are
transformed, using geometrical principles, for calculating the range values from

various rotation points along the driving symimetry axis.

Fig. 10 demonstrates calculation of range {Ry) from rotation point BP 1o

detected obstacle 12 based on range from sensor 15 to obstacie 12.
To this end the foliowing equations can be applied:
Er=F, -ocz@_ + AX

Yp =&, sin@®, +4Y

Angle @5 is the angle at the rotation point between the longitudinal of the

vehicle and the detected object.

As mentioned above, distances AX and AY, which are the right angle distances
between the RP and the sensor, can be pre-stored in a computer storage device 112
and made accessible to processing unit 3116, If more than one optional rotation point
is used for each rotation point, a respective A¥¢ and AY¢ can be stored and made

available.



At block 807, differences between real-time range values and vehicle-contour
range values are determined {e.g. by range differences calculator 132 in
processioning unit 118). In some examples, the difference between each one
{denoted i) of a plurality of realtime range values {denoted M) and each one
{dencted j} of a plurality of vehicle-contour range values {dencted ) is calculated.
This calculation provides M x N range-difference values. Assuming, for example, both

M and N equal 360, the result would be 3607 range-difference values.

The difference between a given realtime range value at an angle B4

{indicative of a range between a rotation point RT4 and a detected object) and 3

corresponding vehicle-contour range value at an angle 85, {indicative of a range

between the same rotation point BTs and the vehicle edge} is detarmined.

In some examples, the range values in a set of real-time range values and its
corresponding set of vehicle-contour range values {both measured with respect to
the same rotation point) are measured in overlapping angle (i.e. 85, = 85,} in order
to enable simple comparison between the values in the two sets. For example, each
set of real-time range values may include 360 values measured in 1° resolution, that
coincide with azimuth 0 {(North). in other examples, some difference {e.g. 0.25-0.5 of

a degree) between angle in the two sets may be allowed {i.e. 8, = 8,,).

In some examples, a filtering process is executed {e.g. by range value filter
138 in processing unit 118), where the real-time range values are filtered and only
range values which are below a certain threshold value {denoted M’, where M' < M)
are compared with the vehicle-contour range values. The threshold is selected such
that reai-time range values which are above the threshold do not indicate a collision
risk during a point-turn, and, accordingly, can be ignored. The filtering helps to

reduce the processing intensity and time of the calculation.

As mentioned above, vehicle-contour range valuss of a given vehide can
include a plurality of sets of values. Thus, in some examples, there may be K sets of

vehicle-contour range values, each set corresponding to a rotation point located at



different locations along the symmaetry axis giving a total of M x N x K {or M x N x K}
range-difference values. Notably, in some cases (e.g. where the velodity of the
driving elements on the two side of the vehide is abways equal} and only a single

rotation point is possible, M x N range-difference values or less are calculated.

At block 309 it is determined {e.g. by point turn determination module 138}
whether there is an allowed point- turn {or more than one). Range-difference values
are processed in order to determine whether a point-turn is allowed, e.g. whether a
point-turn can be made without colliding into an obstacle or without a considerable
risk of collision. Collision risk can be determined based on the range difference. if the
range difference is lower than a certain threshold, the rotation is limited due 1o the
risk of collision. In casas where it is determined that a point-turn cannot be made
without causing the vehicle to collide with an obstacle, instructions to move in
reverse can be generated. In this stage the conditions for making an allowed point-
turn are determined. Such conditions include a point-turn direction, i.e. to which of
the sides, left or right, the point-turn can be made. The conditions can further
inciude allowed point-turn range to each side {e.g. in radians). In general, the shorter
turn that would bring the vehicle to point in a desired azimuth is preferred. However,
as exemplified above with reference to Fig. 2Ba-2Bc¢ in some cases, the shorter turn
may cause collision {or may include a greater risk of collision), and accordingly in
some cases, the longer turn may be selected instead. System 102 further determines
the allowed angular range of the point-turn if only a partial turn is possible without

collision {or a considerabie risk of collision).

In some examples, acceptable point-turn conditions can be determined with
respect to K different sets of vehicle-contour range values, each set corresponding to
a certain rotation point. Based on the processing of different potential rotation
points, a rotation point is selected. For example, all rotation points out of the K
points are analyzed and a subset of rotation points that comply with the safety
conditions {provide no collision risk or an acceptable collision risk determined for

example, based on the calculated distance of the vehicle from the detected obstacles
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during a respective point-turn}, is selected. A point-turn is then selected from the
subset of point-turns. For example, this may be a point-turn requiring the shortest
driving distance from out of all point-turns in the subset or the point-turn closast to

the center of the symmaetry axis $A.

Attention is now drawn to Figs. 6a, 6k, 73, 7b, 8a and 8b that show exampiles
of a comparative histograms used according to some examples in the processing
exacuted by systermn 302 as disclosed herein. in some examples, range difference
calculator 132 can be configured to generate the histograms as described below, and

perform the respective calculations based on the histograms.

Fig. 6a shows a schematic illustration of an example of a vehicle 10 next to an
gbstacle 12. The arrows on the vehicle illustrate an imaginary coordinate system
with its origin located at a rotation point. Fig. &b shows a graphical representation of
the vehicle-difference values using two histograms. The x axis plots the directions
surrounding the vehicle. Assuming 360° resolution is used, the x axis values ranges
for example, from -180 to 180. The vy axis plots the range measured at sach point L.e.
each direction around the vehicle. Histogram 1 shows the vehicle-contour ranges
and histogram 2 shows real-time ranges determined based on scanning device
readings. By shifting one histogram relative to the other, the range-difference values
of each possible pair of points from the two histograms can be readily determined.
For example, histogram 1 can be shifted relative o histogram 2. In the illustrated
example, the position of obstacle 12 relative to the vehicle is indicated in histogram
2. As can be seen from the illustration, if the vehicle makes a left or a right turn
beyond the range indicated by the two horizontal arrows, the two histograms will
overlap indicating that a collision will occur. Accordingly, in this case the vehicle can
make a turn only within the limits indicated by the horizontal arrows, which are
indicative of the allowed angle-range in which the turn can be made. Notably, as
there is only one abstacle, most of histogram 2 show a straight line. By implementing

filtering to the values of histogram 2 {ignoring real-time range values indicative of



distance greater than a certain threshold), it can be determined that only a small

area of histogram 2 should be compared with histogram 1.

Attention is now turned to Fig. 7a that shows another schematic illustration
of an example of a vehicle 18a next to two obstacles 12a and 12b. The position of
the two obstacles 12 relative to the vehicle is indicated in histogram 2. As before, it is
apparent from the two histograms Fig. 7b {or more precisely from shifting the
histogram one with respect to other) that a left or a right turn beyond the range
indicated by the two horizontal arrows would cause a collision with one of the
obstacles. Accordingly, in this case the vehicle can make a turn which is limited to

the angle range indicated by the horizontal arrows.

in case of K sets of vehicle-contour range values, a respective histogram can
be generated for sach set and compared with a respective histogram of the real-time

ranges values.

Attention is now reverted o Fig. 8a that shows a schematic illustration of an
example of a vehicle 10A next to two obstacies 12a and 12b and Fig. 8b shows the
respective histogram. As opposed io the examples in Figs. & and 7, this example

refers to a rotation point RT that is not at the center of driving symmetry axis.

According 1o some exampies disclosed herein, a graphic user interface {GU)
displaying the histograms as shown in Figs. 6-8 is also contermnplated. The GUI can
include additional information such as the vehicle outline and detected obstacles, as
further shown in Figs. 6-8. in some examples, the GUI can be generated by system
102 and transmitted over a communication link to a remote computer device {(e.g.,
of a control unit {e.g. ground control unit) used for monitoring the operation of
autonomous vehicle 100). The GUI can display to an operator in real-time the
possible point-turns of the vehicle. in some examples, a point turn is executed only

after a confirmation is received from an operator observing the GUL

Reverting to Fig. 5, at block 311, based on the required conditions, a point-

turn command is generated {e.g. point-turn command generation moduls 136). The



point-turn command can include for example, instructions to the vehicle control sub-
systemn 108, indicating how to operate the different sub-systerms in order to
complate the turn. The point-turn command can include instructions to the driving
control sub-system indicating how to operate sach driving element on each side of
the vehicle. Specifically, the command can include instructions indicative of the
angular range of the point turn, e.g. instructions indicating the azimuth the vehicle
should assume at the end of the turn and the direction of turn Le. whether to take a

feft turn or a right turn.

in case vehicle-contour range wvalues include K sets of values, each
corresponding to a different rotation point, the point-turn command can include
instructions indicative of the specific velocity of each driving element on each side of
the vehicle that is required in order to turn about a selected rotation point
Differential velocity on each side of the vshicle enables to control the vehicle and
make the turn about the selected rotation point. in some examples, the relstive
velocities needed for making a turn around each of the K rotation points can be
stored in the onboard {or remote) computer storage and used when the point-turn is
executed. Alternatively, it can be calculated in real-time e.g., hased on the distance

of the rotation point from the left driving axis and the right driving axis.

At block 511 the generated point-turn command is executed by the vehicle
control sub-system and the vehicle makes the point-turn. According to the disclosed
technigue, the point-turn command is generated and executed in real-time without
a need to stop the vehicle. This enables the vehicle, and specifically a vehicle with

asymmetric contour, to guickly and safely manseuver in an area denss with obstacles.

it will also be understood that the system according to the presently
disclosed subject matter may be a suitably programmed computer. Likewise, the
presently disclosed subject matter contemplates a computer program being
readable by a computer for executing the method of the presently disciosed subject

matter. The presently disclosed subject matter further contemplates a computer-



readable non-transitory memory tangibly embodying a program of instructions
executable by the computer for performing the method of the presently disclosed
subject matter. The term "non-transitory” is used herein to exclude transitory,
propagating signals, but to otherwise include any volatile or non-volatile computer

memory technology suitable to the application.

it is also to be understood that the presently disclosed subject matter is not
limited in its application to the details set forth in the description contained herein
or illustrated in the drawings. The presently disclosed subject matter is capable of
other embodiments and of being practiced and carried out in various ways. Hence, it
is to be understood that the phraseology and terminology employed herein are for
the purpose of description and should not be regarded as limiting. As such, those
skilled in the art will appreciate that the conception upon which this disclosure is
based may readily be utilized as a basis for designing other structures, methods, and
systems for carrying out the several purposes of the present presently disclosed

subject matter.
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CLAIMS

1. A computer implemented method of autonomously maneuvering a

vehicle during a point-turn, the method comprising:

operating a scanning device from onboard the vehicle for scanning an area
around the vehicle in a plurality of directions and generating real-time scanning output

data;

operating a processing unit comprising at least one processing circuitry

operatively connected to the scanning device, for:

generating, based on the real-time scanning output data, a range map
including K set(s) of real-time range values, wherein K 2 1; each set comprising a
plurality of real-time range values, each range value in the set is determined from a
given rotation-point of the vehicle towards a certain direction; each set of real-time
range values having a corresponding set comprising a plurality of vehicle-contour
range values; each vehicle-contour range value in the corresponding set is determined

from the given rotation-point to a perimeter of the vehicle in a respective direction;
for each set of the K sets:

determining differences between real-time range values in the

set and corresponding vehicle-contour range values in a corresponding set;

determining, based on the differences, conditions for executing

a point-turn that avoids collision with nearby objects; and

generating a point-turn command for causing the vehicle to execute a point-

turn according to the point-turn conditions.

2. The method of claim 1 further comprising executing the point turn

command and causing the vehicle to turn accordingly.

3. The method of claim 1, wherein K =1 and the given rotation-point is

located at the center of a driving symmetry axis of the vehicle.
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4, The method of claim 1, wherein K>1, and determining conditions for

executing a point-turn further comprises:

determining a selected rotation-point from a plurality (K) of possible
rotation-points along a driving symmetry axis of the vehicle.

5. The method of claim 4, wherein the point-turn command includes data

indicating a first velocity of a first driving element on a first side of the vehicle, and a

second velocity of a second driving element on a second side of the vehicle during the

point-turn; the method further comprising:

determining the first velocity and the second velocity according to the

selected rotation-point and its distance from the first driving element and the
second driving element.

6. The method of any one of the preceding claims further comprising

retrieving from a computer storage device on-board the vehicle, one or more

corresponding sets of vehicle-contour range values measured from a certain point

along the driving symmetry axis of the vehicle.

7. The method of any one of the preceding claims, wherein the conditions

include a point-turn direction and range.

8. The method of any one of the preceding claims, wherein each set of
real-time range values, and its corresponding set of vehicle-contour range values,

include range values corresponding to the same angles.

9. The method of any one of the preceding claims, wherein each of the K
sets of real-time range values and their corresponding sets of vehicle-contour range
values are plotted in a first histogram and a second histogram, respectively; and
wherein determining differences between real-time range values in the set and
corresponding vehicle-contour range values in a corresponding set, is executed by
shifting between relative positions of the first histogram and second histogram and
comparing values in the first histogram and the second histograms, in different

relative positions.
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10. The method of any one of the preceding claims, further comprising:
determining one or more sets of vehicle-contour range values based on scanning

device readings reflected from the perimeter of the vehicle.

11. The method of any one of claims 1-9, further comprising: determining
one or more sets of vehicle-contour range values based on image processing of a top-

view image of the vehicle.
12. The method of any one of the preceding claims further comprising:

while the vehicle is travelling, updating the vehicle-contour range

values.
13. The method of any one of the preceding claims further comprising:
implementing filtering on the real-time range values, and ignoring real-time range

values which are greater than a certain threshold value.
14, The method according to claim 9 further comprising:

displaying the first histogram and second histogram within a graphical user

interface on a computer screen;

thereby enabling an operator to monitor and/or control the generation of a
point-turn command for causing the vehicle to execute a point-turn according to the

point-turn conditions.
15. A system mountable on an unmanned vehicle, comprising:
at least one processor operatively connected to a scanning device;

the scanning device is configured to scan an area around the vehicle in a

plurality of directions and generate real-time scanning output data;
the at least one processor is configured to:

generate, based on the real-time scanning output data, a range map
including K sets of real-time range values, wherein K > 1; each set comprising
a plurality of real-time range values, each range value in the set is determined

from a given rotation-point of the vehicle towards a certain direction; each set
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of real-time range values having a corresponding set comprising a plurality of
vehicle-contour range values; each vehicle-contour range value in the
corresponding set is a distance measured from the given rotation-point to a
perimeter of the vehicle in a respective direction;

for each set of the K sets:

determine differences between real-time range values in the

set and corresponding vehicle-contour range values in a corresponding set;

determine, based on the differences, conditions for executing a

point-turn that avoids collision with nearby objects;

generate a point-turn command for causing the vehicle to execute a point-turn

according to the point-turn conditions; and

transmit the point-turn command to a vehicle control sub-system where the

command is executed.

16. The system of claim 15 further comprising executing the point turn

command and causing the vehicle to turn accordingly.

17. The system of any one of claims 15 to 16, wherein K =1 and the

rotation-point is located at the center of a driving symmetry axis of the vehicle.

18. The system of any one of claims 15 to 17, wherein K>1, wherein the at
least one processer is configured for determining conditions for executing a point-turn

to:

determine a selected rotation-point from a plurality (K) of possible
rotation-points along a driving symmetry axis of the vehicle.

19. The system of any one of claims 15 to 18, wherein the point-turn
command includes data indicating a first velocity of a first driving element on a first
side of the vehicle and a second velocity of a second driving element on a second side
of the vehicle during the point-turn; the at least one processor is further configured

to:



—32—

determine the first velocity and the second velocity according to the selected

rotation-point.

20. The system of any one of claims 15 to 19, wherein the at least one
processor is further configured to retrieve from a computer storage device on-board
the vehicle, one or more corresponding sets of vehicle-contour range values measured

from a certain point along the driving symmetry axis of the vehicle.

21. The system of any one of claims 15 to 20, wherein the conditions

include a point-turn direction and range.

22. The system of any one of claims 15 to 21, wherein each set of real-time
range values and its corresponding set of vehicle-contour range values include range

values corresponding to overlapping directions.

23. The system of any one of claims 15 to 22, wherein the at least one
processor is further configured to execute the point-turn command for operating one

or more vehicle control sub-systems and maneuvering the vehicle in a point-turn.

24, The system of any one of claims 15 to 23, wherein each of the K sets of
real-time range values and their corresponding sets of vehicle-contour range values
are plotted in a first histogram and a second histogram, respectively; and wherein
determining differences between real-time range values in the set and corresponding
vehicle-contour range values in a corresponding set is executed by shifting between
relative positions of the first histogram and second histogram and comparing values

in the first histogram and the second histogram in different relative positions.

25. The system of any one of claims 15 to 24, wherein the at least one
processor is further configured to: determine one or more sets of vehicle-contour
range values based on scanning device readings reflected from the perimeter of the

vehicle.

26. The system of any one of claims 15 to 25, wherein the at least one
processor is further configured to update the vehicle-contour range values while the

vehicle is travelling.
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27. The system of any one of claims 15 to 26, wherein the at least one
processor is further configured to implement filtering on the real-time range values,

and to ignore real-time range values which are greater than a certain threshold value.

28. The system of any one of claims 15 to 27 further comprising the vehicle

control sub-system.
29. An unmanned vehicle, comprising:

a scanning device for scanning an area around the vehicle in a plurality of

directions and generating real-time scanning output data;

a vehicle control sub-system configured to receive vehicle control instructions

and control the vehicle in accordance with the instructions; and
at least one processor configured to:

generate, based on the real-time scanning output data, a range map
including K sets of real-time range values, wherein K = 1; each set comprising
a plurality of real-time range values, each range value in the set is determined
from a given rotation-point of the vehicle towards a certain direction; each set
of real-time range values having a corresponding set comprising a plurality of
vehicle-contour range values; each vehicle-contour range value in the
corresponding set is a distance measured from the given rotation-point to a
perimeter of the vehicle in a respective direction;

for each set of the K sets:

determine differences between real-time range values in the

set and corresponding vehicle-contour range values in a corresponding set;

determine, based on the differences, conditions for executing a

point-turn that avoids collision with nearby objects;

generate a point-turn command for causing the vehicle to execute a point-turn

according to the point-turn conditions; and
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the vehicle control sub-system is configured to execute the point-turn

command and control the vehicle to turn accordingly.

30. A computer program product comprising a computer readable storage
medium retaining program instructions, the program instructions when read by a
processor, cause the processor to perform a method of autonomously maneuvering a

vehicle during a point-turn, comprising:

receiving real-time scanning output data; the real-time scanning output data
is generated by a scanning device from onboard the vehicle for scanning an area

around the vehicle in a plurality of directions;

generating, based on the real-time scanning output data, a range map
including K sets of real-time range values, wherein K = 1; each set comprising
a plurality of real-time range values, each range value in the set is determined
from a given rotation-point of the vehicle towards a certain direction; each set
of real-time range values having a corresponding set comprising a plurality of
vehicle-contour range values; each vehicle-contour range value in the
corresponding set is a distance measured from the given rotation-point to a
perimeter of the vehicle in a respective direction;

for each set of the K sets:

determining differences between real-time range values in the

set and corresponding vehicle-contour range values in a corresponding set;

determining, based on the differences, conditions for executing

a point-turn that avoids collision with nearby objects; and

generating a point-turn command for causing the vehicle to execute a point-

turn according to the point-turn conditions.

31. A computer-implemented method of monitoring a point turn of a

vehicle using a graphical user interface, the method comprising:

plotting a set of real-time range values and their corresponding set of vehicle-

contour range values in a first histogram and a second histogram, respectively;
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wherein each range value in the set of real-time range values is determined,
from a given rotation-point of the vehicle towards a certain direction and based on
scanning output data obtained by a scanning device, and wherein each vehicle-
contour range value in the corresponding set of vehicle-contour range values is
determined from the given rotation-point to a perimeter of the vehicle in a respective

direction;

displaying the first histogram and second histogram within a graphical user

interface on a computer screen;

shifting between relative positions of the first histogram and second histogram
and comparing values in the first histogram and the second histogram, in different
relative positions to thereby determine differences between real-time range values in

the set and corresponding vehicle-contour range values in a corresponding set;

determining, based on the differences, conditions for executing a point-turn

that avoids collision with nearby objects;

thereby enabling an operator to monitor and/or control generation of a point-
turn command for causing the vehicle to execute a point-turn according to the point-

turn conditions.

32. A computer program product comprising a computer readable storage
medium retaining program instructions, the program instructions when read by a

processor, cause the processor to perform a method according to claim 31.





