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(54) METHODS AND SYSTEMS FOR COMPUTER-BASED DETERMINING OF PRESENCE OF 
OBJECTS

(57) A method of and system for processing Light
Detection and Ranging (LIDAR) point cloud data. The
method is executable by an electronic device, commu-
nicatively coupled to a LIDAR installed on a vehicle, the
LIDAR having a plurality of lasers for capturing LIDAR
point cloud data. The method comprises: receiving a first
LIDAR point cloud data captured by the LIDAR; execut-
ing, by the electronic device, a Machine Learning Algo-
rithm (MLA) for: analyzing a first plurality of LIDAR points

of the first point cloud data in relation to a response pat-
tern of the plurality of lasers; retrieving a grid represen-
tation data of a surrounding area of the vehicle; deter-
mining if the first plurality of LIDAR points is associated
with a blind spot, the blind spot preventing a detection
algorithm of the electronic device to detect presence of
at least one object surrounding the vehicle conditioned
on the at least one object is present.
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Description

FIELD OF TECHNOLOGY

[0001] The present technology relates to computer-im-
plemented methods and systems for determining pres-
ence of an object, more specifically, to methods and sys-
tems for determining the presence of objects around a
self driving car (SDC).

BACKGROUND

[0002] Several computer based navigation systems
that are configured for aiding navigation and/or control
of vehicle have been proposed and implemented in the
prior art. These systems range from more basic map-
aided localization based solutions - i.e. use of a computer
system to assist a driver in navigating a route from a
starting point to a destination point; to more complex ones
- computer-assisted and/or driver-autonomous driving
systems.
[0003] Some of these systems are implemented as
what is commonly known as a "cruise control" system.
Within these systems, the computer system boarded on
the vehicles maintains a user-set speed of the vehicle.
Some of the cruise control systems implement an "intel-
ligent distance control" system, whereby the user can set
up a distance to a potential car in front (such as, select
a value expressed in a number of vehicles) and the com-
puter system adjusts the speed of the vehicle at least in
part based on the vehicle approaching the potential ve-
hicle in front within the pre-defined distance. Some of the
cruise control systems are further equipped with a colli-
sion control system, which systems upon detection of the
vehicle (or other obstacle) in front of the moving vehicle,
slow down or stop the vehicle.
[0004] Some of the more advanced system provide for
a fully autonomous driving of the vehicle without direct
control from the operator (i.e. the driver). These autono-
mously driven vehicles include computer systems that
can cause the vehicle to accelerate, brake, stop, change
lane and self-park.
[0005] One of the main technical challenges in imple-
menting the above computer systems is the ability for the
computer system to detect an object present around the
vehicle - such as the vehicle in front of the present vehicle
(the present vehicle having the computer system on-
board), which vehicle in front may pose a risk / danger
to the present vehicle and may require the computer sys-
tem to take a corrective measure, be it braking or other-
wise changing speed, stopping or changing lanes. On a
more granular level, the challenge of the object detection
is not just the binary detection (presence or absence of
the object), but the speed and accuracy associated with
such an analysis and determination (especially avoiding
"false negatives", whereby the system does not identify
an object which is indeed present in front or around the
vehicle).

[0006] The acuteness of this problem is illustrated by
the following hypothetical scenario. Imagine that the self-
driving or partially-autonomous vehicle is driving along
the route. A child (or an adult, a pet, and the like) runs in
front of the vehicle. It is imperative that the computer
system controlling the vehicle detects the presence of
the object fast and take corrective actions to avoid the
collision. Naturally, the faster the computer system de-
tects the presence of the object, the more time the com-
puter system will have to determine the corrective action
and to command the vehicle to execute the corrective
action.
[0007] A typical autonomous vehicle or self-driving car
(SDC) comprises a plurality of sensors to enable the SDC
to capture and "understand" its surrounding area. Typi-
cally, more than one type of sensor is used. For example,
a given implementation of the SDC can include one or
more cameras, one or more LIDARs, and one or more
radars.
[0008] It is generally known that some of these sensors
are better at capturing certain scenes to enable better
processing thereof by a controller (electronic device) as-
sociated with the SDC. Furthermore, several technolo-
gies have been proposed for merging and enriching one
type of sensor data with data from another sensor. De-
spite the improvements in the capturing technology (i.e.
ability of the sensors to capture raw data) and in process-
ing algorithms (i.e. ability to process the raw data to en-
able proper planning of the SDC trajectory and corrective
actions, if required), there still exists a problem with so
called "blind spots".
[0009] A blind spot is a portion of the surrounding area
of the SDC that is not visible to the electronic device that
is controlling the SDC (i.e. the electronic device that de-
termines the trajectory of the movement of the SDC). The
blind spot can exist due to an obstacle presence in a path
of view of a particular sensor. For example, presence of
a large vehicle (such as a truck, a bus, or the like) in the
viewport of the sensor may obstruct the view of an object
located behind it (vis-a-vis the sensor). As such, this hid-
den object would not be visible from the data captured
by the sensor and the large vehicle, and would in a sense,
create a blind spot.
[0010] Another type of blind zone is attributable to
physical limitations of the sensors. For example, a given
camera or a given LIDAR or a given radar may have
certain physical constrains where the given camera or
the given LIDAR or the given radar can capture data.
Such limitations can be distance-based or height-based
or based on surrounding objects.
[0011] US patent 9,805,274 (issued on October 31st,
2017 and assigned to Honda Motor Co., LTD) discloses
a system and method for verifying detection of partially
occluded objects (e.g., pedestrians) in the vicinity of a
vehicle. An image input device captures an image and/or
video of surroundings. An object detector detects partially
occluded pedestrians and other objects in received im-
age information. The detection of a partially occluded pe-
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destrian is verified when a detection window of the par-
tially occluded pedestrian overlaps with a detection win-
dow of an occluding object, and the occluding object win-
dow is closer to the image input device than the partially
occluded object window. Optionally, a range-finding sen-
sor, such as a LIDAR device, determines a range to ob-
jects located in the direction of the partially occluded ob-
ject. The detection of the partially occluded object is ver-
ified when the range of one of the other objects located
in the direction of the partially occluded object is less than
that of the partially occluded object.
[0012] US 10,137,890 (issued on November 27th,
2018 and assigned to Toyota Motor Engineering & Man-
ufacturing North America, Inc.) discloses classification
of obstacles located in an external environment of a ve-
hicle. At least a portion of the external environment can
be sensed using one or more sensors to acquire sensor
data. An obstacle candidate can be identified based on
the acquired sensor data. An occlusion status for the
identified obstacle candidate can be determined. The oc-
clusion status can be a ratio of acquired sensor data for
the obstacle candidate that is occluded to all acquired
sensor data for the obstacle candidate. A classification
for the obstacle candidate can be determined based on
the determined occlusion status. A driving maneuver for
the vehicle can be determined at least partially based on
the determined classification for the obstacle candidate.
The vehicle can be caused to implement the determined
driving maneuver. The vehicle can be an autonomous
vehicle.
[0013] US 2019/0011913 (published on January 10th,
2019 and assigned to GM Global Technology Operations
LLC) discloses systems and method for controlling a ve-
hicle. In one embodiment, a method includes: receiving,
by a processor, sensor data sensed from an environment
of the vehicle; processing, by the processor, the sensor
data to determine a blind spot of the environment of the
vehicle; setting, by the processor, an operation mode of
the vehicle to a caution mode based on the determined
blind spot; and controlling, by the processor, operation
of the vehicle based on the operation mode.

SUMMARY

[0014] It is an object of the present technology to amel-
iorate at least some of the inconveniences present in the
prior art.
[0015] In accordance with a first broad aspect of the
present technology, there is provided a method of
processing Light Detection and Ranging (LIDAR) point
cloud data. In other words, there is provided a method
for detecting a blind spot in a LIDAR system. The method
is executable by an electronic device, communicatively
coupled to a LIDAR installed on a vehicle, the LIDAR
having a plurality of lasers and configured for capturing
LIDAR point cloud data having a plurality of LIDAR points,
the electronic device further executing a detection algo-
rithm for detecting presence of at least one object sur-

rounding the vehicle based on the LIDAR point cloud
data, the method comprising: receiving, by the electronic
device, a first LIDAR point cloud data captured by the
LIDAR; executing, by the electronic device, a Machine
Learning Algorithm (MLA), the MLA configured to exe-
cute: analyzing, by the electronic device, a first plurality
of LIDAR points of the first LIDAR point cloud data in
relation to a response pattern of the plurality of lasers to
determine a current pattern of the LIDAR points; retriev-
ing, by the electronic device, a grid representation data
of a surrounding area of the vehicle; based on the current
pattern and the grid representation data, determining if
the first plurality of LIDAR points is associated with a blind
spot, the blind spot preventing the detection algorithm to
detect the presence of at least one object surrounding
the vehicle conditioned on the at least one object being
present.
[0016] In some implementations of the method, the
method further comprises training the MLA by: feeding
the MLA with a plurality of training set objects, each of
the plurality of training set objects including: a training
pattern of the LIDAR points; a training grid representation
data of an associated surrounding training area; a label
indicative of whether the detection algorithm is able to
detect the presence of at least one training object sur-
rounding the vehicle conditioned on the at least one train-
ing object being present.
[0017] In some implementations of the method, the
method further comprises determining, by a secondary
algorithm, whether the at least one training object is
present.
[0018] In some implementations of the method, the
secondary algorithm comprises analyzing image data
captured by one of the vehicle and another vehicles, the
image data indicative of the at least one training object
being present.
[0019] In some implementations of the method, the
secondary algorithm comprises analyzing presence of at
least one training object at a time prior to executing the
training and a movement trajectory associated therewith.
[0020] In some implementations of the method, the an-
alyzing presence of at least one training object further
comprises determining that based on the movement tra-
jectory and a time difference between a training time and
the time prior, the at least one training object should still
be visible in the LIDAR points.
[0021] In some implementations of the method, in re-
sponse to the detection of the blind spot in the first plu-
rality of LIDAR points, the method further comprises con-
trolling the vehicle to apply at least one remedial action.
[0022] In some implementations of the method, the at
least one remedial action comprises obtaining additional
sensor data from at least one additional sensor associ-
ated with the vehicle in an attempt to correct the blind
spot.
[0023] In some implementations of the method, the at
least one remedial action comprises controlling the ve-
hicle to augment vehicle movement.
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[0024] In some implementations of the method, the
controlling the vehicle to augment vehicle movement
comprises causing the vehicle one of: to slow down, to
change trajectory, to execute emergency braking and to
accelerate.
[0025] In some implementations of the method, the de-
termining if the first plurality of LIDAR points is associated
with the blind spot is further based on a geometric pattern
of the plurality of lasers.
[0026] In some implementations of the method, the re-
sponse pattern of the plurality of lasers is indicative of a
totality of response that the LIDAR should receive in re-
sponse to emitting light by the plurality of lasers.
[0027] In some implementations of the method, the grid
representation data is representative of a grid with a cent-
er point located at the vehicle.
[0028] In some implementations of the method, the grid
moves with a movement of the vehicle.
[0029] In some implementations of the method, the
method further comprises generating the grid represen-
tation data as an occupancy grid.
[0030] In accordance with another broad aspect of the
present technology, there is provided a system. The sys-
tem may be for detecting a blind spot in a LIDAR system.
The system comprises: an electronic device, a LIDAR
communicatively coupled to the electronic device, the
LIDAR having a plurality of lasers and configured for cap-
turing LIDAR point cloud data having a plurality of LIDAR
points, the electronic device configured to execute a de-
tection algorithm for detecting presence of at least one
object in a surrounding area based on the LIDAR point
cloud data. The electronic device is configured to: receive
a first LIDAR point cloud data captured by the LIDAR;
execute a Machine Learning Algorithm (MLA), the MLA
configured to execute: analyzing, by the electronic de-
vice, a first plurality of LIDAR points of the first LIDAR
point cloud data in relation to a response pattern of the
plurality of lasers to determine a current pattern of the
LIDAR points; retrieving, by the electronic device, a grid
representation data of the surrounding area; based on
the current pattern and the grid representation data, de-
termining if the first plurality of LIDAR points is associated
with a blind spot, the blind spot preventing the detection
algorithm to detect the presence of at least one object in
the surrounding area conditioned on the at least one ob-
ject being present.
[0031] In some implementations of the system, the
LIDAR is associated with a vehicle.
[0032] In some implementations of the system, the
LIDAR and the electronic device are mounted on a ve-
hicle.
[0033] In some implementations of the system, the de-
tection algorithm is a first MLA different from the MLA.
[0034] In some implementations of the system, the grid
representation data is implemented as an occupancy
grid.
[0035] In some implementations of the system, the de-
tection algorithm is a first MLA different from the MLA.

[0036] In some implementations of the system, the
electronic device is at least one of a local electronic de-
vice, a server remotely coupled to the vehicle, and a sub-
system of the local electronic device and the server.
[0037] In at least some embodiments of the present
technology, the presence of a blind spot or the likelihood
of the presence of a blind spot in a LIDAR system can
be detected. Corrective action to eliminate the blind spot
or to reduce the blind spot can then be taken such as
through obtaining additional data from other sensors or
by adjusting a position of the vehicle (for example, slow-
ing down the vehicle to allow for more time to render a
vehicle control command vis-a-vis potential obstacle in
the blind spot). This in turn can reduce the chances of
impact with an object in a blind spot. In certain embodi-
ments, the chances of avoiding a collision with an object
is improved, compared to prior art methods and systems.
[0038] In the context of the present specification, a
"server" is a computer program that is running on appro-
priate hardware and is capable of receiving requests (e.g.
from client devices) over a network, and carrying out
those requests, or causing those requests to be carried
out. The hardware may be implemented as one physical
computer or one physical computer system, but neither
is required to be the case with respect to the present
technology. In the present context, the use of the expres-
sion a "server" is not intended to mean that every task
(e.g. received instructions or requests) or any particular
task will have been received, carried out, or caused to
be carried out, by the same server (i.e. the same software
and/or hardware); it is intended to mean that any number
of software elements or hardware devices may be in-
volved in receiving/sending, carrying out or causing to
be carried out any task or request, or the consequences
of any task or request; and all of this software and hard-
ware may be one server or multiple servers, both of which
are included within the expression "at least one server".
[0039] In the context of the present specification, "elec-
tronic device" is any computer hardware that is capable
of running software appropriate to the relevant task at
hand. In the context of the present specification, the term
"electronic device" implies that a device can function as
a server for other electronic devices and client devices,
however it is not required to be the case with respect to
the present technology. Thus, some (non-limiting) exam-
ples of electronic devices include personal computers
(desktops, laptops, netbooks, etc.), smart phones, and
tablets, as well as network equipment such as routers,
switches, and gateways. It should be understood that in
the present context the fact that the device functions as
an electronic device does not mean that it cannot function
as a server for other electronic devices. The use of the
expression "an electronic device" does not preclude mul-
tiple client devices being used in receiving/sending, car-
rying out or causing to be carried out any task or request,
or the consequences of any task or request, or steps of
any method described herein.
[0040] In the context of the present specification, "cli-
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ent device" is any computer hardware that is capable of
running software appropriate to the relevant task at hand.
In the context of the present specification, in general the
term "client device" is associated with a user of the client
device. Thus, some (non-limiting) examples of client de-
vices include personal computers (desktops, laptops,
netbooks, etc.), smart phones, and tablets, as well as
network equipment such as routers, switches, and gate-
ways It should be noted that a device acting as a client
device in the present context is not precluded from acting
as a server to other client devices. The use of the ex-
pression "a client device" does not preclude multiple cli-
ent devices being used in receiving/sending, carrying out
or causing to be carried out any task or request, or the
consequences of any task or request, or steps of any
method described herein.
[0041] In the context of the present specification, the
expression "information" includes information of any na-
ture or kind whatsoever capable of being stored in a da-
tabase. Thus information includes, but is not limited to
audiovisual works (images, movies, sound records, pres-
entations etc.), data (location data, numerical data, etc.),
text (opinions, comments, questions, messages, etc.),
documents, spreadsheets, etc.
[0042] In the context of the present specification, the
expression "software component" is meant to include
software (appropriate to a particular hardware context)
that is both necessary and sufficient to achieve the spe-
cific function(s) being referenced.
[0043] In the context of the present specification, the
expression "computer information storage media" (also
referred to as "storage media") is intended to include me-
dia of any nature and kind whatsoever, including without
limitation RAM, ROM, disks (CD-ROMs, DVDs, floppy
disks, hard drivers, etc.), USB keys, solid state-drives,
tape drives, etc. A plurality of components may be com-
bined to form the computer information storage media,
including two or more media components of a same type
and/or two or more media components of different types.
[0044] In the context of the present specification, a "da-
tabase" is any structured collection of data, irrespective
of its particular structure, the database management soft-
ware, or the computer hardware on which the data is
stored, implemented or otherwise rendered available for
use. A database may reside on the same hardware as
the process that stores or makes use of the information
stored in the database or it may reside on separate hard-
ware, such as a dedicated server or plurality of servers.
[0045] In the context of the present specification, the
words "first", "second", "third", etc. have been used as
adjectives only for the purpose of allowing for distinction
between the nouns that they modify from one another,
and not for the purpose of describing any particular re-
lationship between those nouns. Thus, for example, it
should be understood that, the use of the terms "first
database" and "third server" is not intended to imply any
particular order, type, chronology, hierarchy or ranking
(for example) of/between the server, nor is their use (by

itself) intended imply that any "second server" must nec-
essarily exist in any given situation. Further, as is dis-
cussed herein in other contexts, reference to a "first" el-
ement and a "second" element does not preclude the two
elements from being the same actual real-world element.
Thus, for example, in some instances, a "first" server and
a "second" server may be the same software and/or hard-
ware components, in other cases they may be different
software and/or hardware components.
[0046] Implementations of the present technology
each have at least one of the above-mentioned object
and/or aspects, but do not necessarily have all of them.
It should be understood that some aspects of the present
technology that have resulted from attempting to attain
the above-mentioned object may not satisfy this object
and/or may satisfy other objects not specifically recited
herein.
[0047] Additional and/or alternative features, aspects
and advantages of implementations of the present tech-
nology will become apparent from the following descrip-
tion, the accompanying drawings and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] These and other features, aspects and advan-
tages of the present technology will become better un-
derstood with regard to the following description, append-
ed claims and accompanying drawings where:

Figure 1 depicts a schematic diagram of an example
computer system for implementing certain embodi-
ments of systems and/or methods of the present
technology.
Figure 2 depicts a networked computing environ-
ment being suitable for use with some implementa-
tions of the present technology.
Figure 3 depicts a LIDAR data acquisition procedure
executed by a processor of an electronic device of
the networked computing environment of Figure 2,
the procedure for receiving the 3-D point cloud data
310 captured by a sensor of a vehicle present in the
networked computing environment of Figure 2.
Figure 4 depicts a grid representation data acquisi-
tion procedure, executable by the processor of the
electronic device of the networked computing envi-
ronment of Figure 2, the procedure for receiving the
grid representation data of the surrounding area 250
around the vehicle present in the networked com-
puting environment of Figure 2.
Figure 5 depicts a detection process executable in
the networked computing environment of Figure 2,
the process being configured to identify presence of
objects in the surrounding area, and more specifi-
cally, those objects that may provide a collision risk
to the vehicle and, thus, may require a change in the
trajectory of the vehicle (such as changing course,
braking, accelerating, and the like).
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Figure 6 depicts a schematic illustration of operation
of a Machine Learning Algorithm (MLA) for predicting
blind spot of at least some sensors associated with
the vehicle present in the networked computing en-
vironment of Figure 2.
Figure 7 depicts a training process for training the
MLA of Figure 6.
Figure 8 depicts a flow chart of a method, the method
executable in the networked computing environment
of Figure 2, in accordance with the non-limiting em-
bodiments of the present technology.

DETAILED DESCRIPTION

[0049] The examples and conditional language recited
herein are principally intended to aid the reader in under-
standing the principles of the present technology and not
to limit its scope to such specifically recited examples
and conditions. It will be appreciated that those skilled in
the art may devise various arrangements which, although
not explicitly described or shown herein, nonetheless em-
body the principles of the present technology and are
included within its spirit and scope.
[0050] Furthermore, as an aid to understanding, the
following description may describe relatively simplified
implementations of the present technology. As persons
skilled in the art would understand, various implementa-
tions of the present technology may be of a greater com-
plexity.
[0051] In some cases, what are believed to be helpful
examples of modifications to the present technology may
also be set forth. This is done merely as an aid to under-
standing, and, again, not to define the scope or set forth
the bounds of the present technology. These modifica-
tions are not an exhaustive list, and a person skilled in
the art may make other modifications while nonetheless
remaining within the scope of the present technology.
Further, where no examples of modifications have been
set forth, it should not be interpreted that no modifications
are possible and/or that what is described is the sole
manner of implementing that element of the present tech-
nology.
[0052] Moreover, all statements herein reciting princi-
ples, aspects, and implementations of the technology,
as well as specific examples thereof, are intended to en-
compass both structural and functional equivalents
thereof, whether they are currently known or developed
in the future. Thus, for example, it will be appreciated by
those skilled in the art that any block diagrams herein
represent conceptual views of illustrative circuitry em-
bodying the principles of the present technology. Simi-
larly, it will be appreciated that any flowcharts, flow dia-
grams, state transition diagrams, pseudo-code, and the
like represent various processes which may be substan-
tially represented in computer-readable media and so
executed by a computer or processor, whether or not
such computer or processor is explicitly shown.
[0053] The functions of the various elements shown in

the figures, including any functional block labeled as a
"processor", may be provided through the use of dedi-
cated hardware as well as hardware capable of executing
software in association with appropriate software. When
provided by a processor, the functions may be provided
by a single dedicated processor, by a single shared proc-
essor, or by a plurality of individual processors, some of
which may be shared. Moreover, explicit use of the term
"processor" or "controller" should not be construed to re-
fer exclusively to hardware capable of executing soft-
ware, and may implicitly include, without limitation, digital
signal processor (DSP) hardware, network processor,
application specific integrated circuit (ASIC), field pro-
grammable gate array (FPGA), read-only memory
(ROM) for storing software, random access memory
(RAM), and non-volatile storage. Other hardware, con-
ventional and/or custom, may also be included.
[0054] Software modules, or simply modules which are
implied to be software, may be represented herein as
any combination of flowchart elements or other elements
indicating performance of process steps and/or textual
description. Such modules may be executed by hardware
that is expressly or implicitly shown.
[0055] With these fundamentals in place, we will now
consider some non-limiting examples to illustrate various
implementations of aspects of the present technology.
[0056] Referring initially to Figure 1, there is shown a
computer system 100 suitable for use with some imple-
mentations of the present technology, the computer sys-
tem 100 comprising various hardware components in-
cluding one or more single or multi-core processors col-
lectively represented by processor 110, a solid-state
drive 120, a memory 130, which may be a random-access
memory or any other type of memory. Communication
between the various components of the computer system
100 may be enabled by one or more internal and/or ex-
ternal buses (not shown) (e.g. a PCI bus, universal serial
bus, IEEE 1394 "Firewire" bus, SCSI bus, Serial-ATA
bus, etc.), to which the various hardware components
are electronically coupled. According to embodiments of
the present technology, the solid-state drive 120 stores
program instructions suitable for being loaded into the
memory 130 and executed by the processor 110 for de-
termining a presence of an object. For example, the pro-
gram instructions may be part of a vehicle control appli-
cation executable by the processor 110. It is noted that
the computer system 100 may have additional and/or
optional components (not depicted), such as network
communication modules, locationalization modules, and
the like.
[0057] Figure 2 illustrates a networked computer envi-
ronment 200 suitable for use with some embodiments of
the systems and/or methods of the present technology.
The networked computer environment 200 comprises an
electronic device 210 associated with a vehicle 220, or
associated with a user (not depicted) who can operate
the vehicle 220, a server 235 in communication with the
electronic device 210 via a communication network 245
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(e.g. the Internet or the like, as will be described in greater
detail herein below). Optionally, the networked computer
environment 200 can also include a GPS satellite (not
depicted) transmitting and/or receiving a GPS signal
to/from the electronic device 210. It will be understood
that the present technology is not limited to GPS and may
employ a positioning technology other than GPS. It
should be noted that the GPS satellite can be omitted
altogether.
[0058] The vehicle 220 to which the electronic device
210 is associated may comprise any leisure or transpor-
tation vehicle such as a private or commercial car, truck,
motorbike or the like. The vehicle may be user operated
or a driver-less vehicle. It should be noted that specific
parameters of the vehicle 220 are not limiting, these spe-
cific parameters including: vehicle manufacturer, vehicle
model, vehicle year of manufacture, vehicle weight, ve-
hicle dimensions, vehicle weight distribution, vehicle sur-
face area, vehicle height, drive train type (e.g. 2x or 4x),
tyre type, brake system, fuel system, mileage, vehicle
identification number, and engine size.
[0059] The implementation of the electronic device 210
is not particularly limited, but as an example, the elec-
tronic device 210 may be implemented as a vehicle en-
gine control unit, a vehicle CPU, a vehicle navigation de-
vice (e.g. TomTom™ vehicle navigation device,
Garmin™ vehicle navigation device), a tablet, a personal
computer built into the vehicle 220 and the like. Thus, it
should be noted that the electronic device 210 may or
may not be permanently associated with the vehicle 220.
Additionally or alternatively, the electronic device 210 can
be implemented in a wireless communication device
such as a mobile telephone (e.g. a smart-phone or a ra-
dio-phone). In certain embodiments, the electronic de-
vice 210 has a display 270.
[0060] The electronic device 210 may comprise some
or all of the components of the computer system 100
depicted in Figure 1. In certain embodiments, the elec-
tronic device 210 is on-board computer device and com-
prises the processor 110, the solid-state drive 120 and
the memory 130. In other words, the electronic device
210 comprises hardware and/or software and/or
firmware, or a combination thereof, for determining the
presence of an object around the vehicle 220, as will be
described in greater detail below.
[0061] In accordance to the non-limiting embodiments
of the present technology, the electronic device 210 fur-
ther comprises or has access to: a first sensor 230 con-
figured to capture an image of a surrounding area 250
and a second sensor 240 configured to capture a 3-D
point cloud data of the surrounding area 250. The first
sensor 230 and the second sensor 240 are operatively
coupled to the processor 110 for transmitting the so-cap-
tured information to the processor 110 for processing
thereof, as will be described in greater detail herein be-
low.
[0062] In a specific non-limiting example, the first sen-
sor 230 comprises a camera. How the camera is imple-

mented is not particularly limited. For example, in one
specific non-limiting embodiments of the present tech-
nology, the camera can be implemented as a mono cam-
era with resolution sufficient to detect objects at pre-de-
termined distances of up to about 30 m (although cam-
eras with other resolutions and ranges are within the
scope of the present disclosure). The camera can be
mounted on an interior, upper portion of a windshield of
the vehicle 220, but other locations are within the scope
of the present disclosure, including on a back window,
side windows, front hood, rooftop, front grill, or front
bumper of the vehicle 220. In some non-limiting embod-
iments of the present technology, the first sensor 230
can be mounted in a dedicated enclosure (not depicted)
mounted on the top of the vehicle 220.
[0063] In some non-limiting embodiments of the
present technology, the first sensor 230 can be imple-
mented as a plurality of cameras. For example, the plu-
rality of cameras may have a sufficient number of cam-
eras to capture a surrounding / panoramic image of the
surrounding area 250.
[0064] In some embodiments of the present technolo-
gy, the camera (or one or more cameras that make up
the implementation of the first sensor 230) is configured
to capture a pre-determine portion of the surrounding ar-
ea 250 around the vehicle 220. In some embodiments of
the present technology, the camera is configured to cap-
ture an image (or a series of images) that represent ap-
proximately 90 degrees of the surrounding area 250
around the vehicle 220 that are along a movement path
of the vehicle 220.
[0065] In other embodiments of the present technolo-
gy, the camera is configured to capture an image (or a
series of images) that represent approximately 180 de-
grees of the surrounding area 250 around the vehicle
220 that are along a movement path of the vehicle 220.
In yet additional embodiments of the present technology,
the camera is configured to capture an image (or a series
of images) that represent approximately 360 degrees of
the surrounding area 250 around the vehicle 220 that are
along a movement path of the vehicle 220 (in other words,
the entirety of the surrounding area around the vehicle
220).
[0066] In a specific non-limiting example, the first sen-
sor 230 can be implemented as the camera may be of
the type available from FLIR Integrated Imaging Solu-
tions Inc., 12051 Riverside Way, Richmond, BC, V6W
1K7, Canada. It should be expressly understood that the
first sensor 230 can be implemented in any other suitable
equipment.
[0067] In a specific non-limiting example, the second
sensor 240 comprises a Light Detection and Ranging
(LIDAR) instrument (or LIDAR for short). Lidar stands for
Light Detection and Ranging. It is expected that a person
skilled in the art will understand the functionality of the
LIDAR instrument, but briefly speaking, a transmitter (not
depicted) of the second sensor 240 implemented as the
LIDAR sends out a laser pulse and the light particles
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(photons) are scattered back to a receiver (not depicted)
the second sensor 240 implemented as the LIDAR in-
strument. The photons that come back to the receiver
are collected with a telescope and counted as a function
of time. Using the speed of light (∼3X108 m/s), the proc-
essor 110 can then calculate how far the photons have
traveled (in the round trip). Photons can be scattered
back off of many different entities surrounding the vehicle
220, such as other particles (aerosols or molecules) in
the atmosphere, other card, stationary objects or poten-
tial obstructions in front of the vehicle 220.
[0068] In a specific non-limiting example, the second
sensor 240 can be implemented as the LIDAR based
sensor that may be of the type available from Velodyne
LiDAR, Inc. of 5521 Hellyer Avenue, San Jose, CA
95138, United States of America. It should be expressly
understood that the second sensor 240 can be imple-
mented in any other suitable equipment.
[0069] In some embodiments of the present technolo-
gy, the second sensor 240 can be implemented as a plu-
rality of LIDAR based sensors, such as three for example
or any other suitable number. In some embodiments of
the present technology, the second sensor 240 (whether
implemented as a single LIDAR based sensor or multiple
LIDAR based sensors) can be housed in the above-men-
tioned enclosure (not separately depicted) located on the
roof of the vehicle 220.
[0070] In those embodiments of the present technolo-
gy, where the second sensor 240 is implemented as mul-
tiple LIDAR based sensors housed in the enclosure (not
depicted), the spatial placement of the multiple LIDAR
based sensors can be designed taking into account the
specific technical configuration of the multiple LIDAR
based sensors, configuration of the enclosure, weather
conditions of the area where the vehicle 220 is to be used
(such as frequent rain, snow, and other elements) or the
like.
[0071] In some embodiments of the present technolo-
gy, the first sensor 230 and the second sensor 240 are
calibrated such that for the image captured by the first
sensor 230 and the 3-D point cloud captured by the sec-
ond sensor 240, the processor 110 is configured to iden-
tify a given region of the image that correspond to a given
region of the 3-D point cloud. This calibration can be ex-
ecuted during the manufacturing and/or set up of the ve-
hicle 220. Or at any suitable time thereafter or, in other
words, the calibration can be executed during retrofitting
the vehicle 220 with the first sensor 230 and the second
sensor 240 in accordance with the non-limiting embodi-
ments of the present technology contemplated herein.
Alternatively, the calibration can be executed during
equipping the vehicle 220 with the first sensor 230 and
the second sensor 240 in accordance with the non-lim-
iting embodiments of the present technology contemplat-
ed herein.
[0072] In some non-limiting embodiments of the
present technology, the vehicle 220 can include addition-
al sensors (not depicted), such as radars and the like.

[0073] In some embodiments of the present technolo-
gy, the communication network 245 is the Internet. In
alternative non-limiting embodiments, the communica-
tion network 245 can be implemented as any suitable
local area network (LAN), wide area network (WAN), a
private communication network or the like. It should be
expressly understood that implementations for the com-
munication network are for illustration purposes only. A
communication link (not separately numbered) between
the electronic device 210 and the communication net-
work 245 is implemented will depend inter alia on how
the electronic device 210 is implemented. Merely as an
example and not as a limitation, in those embodiments
of the present technology where the electronic device
210 is implemented as a wireless communication device
such as a smartphone or a navigation device, the com-
munication link can be implemented as a wireless com-
munication link. Examples of wireless communication
links include, but are not limited to, a 3G communication
network link, a 4G communication network link, and the
like. The communication network 245 may also use a
wireless connection with the server 235.
[0074] In some embodiments of the present technolo-
gy, the server 235 is implemented as a conventional com-
puter server and may comprise some or all of the com-
ponents of the computer system 100 of Figure 1. In one
non-limiting example, the server 235 is implemented as
a Dell™ PowerEdge™ Server running the Microsoft™
Windows Server™ operating system, but can also be
implemented in any other suitable hardware, software,
and/or firmware, or a combination thereof. In the depicted
non-limiting embodiments of the present technology, the
server is a single server. In alternative non-limiting em-
bodiments of the present technology (not shown), the
functionality of the server 235 may be distributed and
may be implemented via multiple servers.
[0075] In some non-limiting embodiments of the
present technology, the processor 110 of the electronic
device 210 can be in communication with the server 235
to receive one or more updates. The updates can be, but
are not limited to, software updates, map updates, routes
updates, weather updates, and the like. In some embod-
iments of the present technology, the processor 110 can
also be configured to transmit to the server 235 certain
operational data, such as routes travelled, traffic data,
performance data, and the like. Some or all data trans-
mitted between the vehicle 220 and the server 235 may
be encrypted and/or anonymized.
[0076] In the description provided herein, when certain
processes and method steps are executed by the proc-
essor 110 of the electronic device 210, it should be ex-
pressly understood that such processes and method
steps can be executed solely by the processor 110, in a
shared manner (i.e. distributed) between the processor
110 and the server 235, or solely by the server 235. In
other words, when the present description refers to the
processor 110 or the electronic device 210 executing cer-
tain processes or method steps, it is to expressly cover
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processes or steps executed by the processor 110, by
the server 235, or jointly executed by the processor 110
and the server 235.
[0077] With reference to Figure 3, there is depicted a
process 300 (also referred to as a LIDAR data acquisition
procedure 300), executed by the processor 110, for re-
ceiving the 3-D point cloud data 310 captured by the sec-
ond sensor 240.
[0078] In some non-limiting embodiments of the
present technology, the process of receiving the 3-D
point cloud data 310 can be executed in a continuous
manner. In other embodiments of the present technology,
the process of receiving the 3-D point cloud data 310 can
be implemented at pre-determined intervals, such every
2 milliseconds or any other suitable time interval.
[0079] To execute the LIDAR data acquisition proce-
dure 300, the vehicle 220 travels on a road 302, and the
electronic device 210 is configured to acquire with the
second sensor 240 sensor data 305 representative of
objects in the surrounding area 250 of the vehicle 220.
[0080] The vehicle 220 travels on the road 302, and
the electronic device 210 is configured to cause the sec-
ond sensor 240 to acquire data about the surrounding
area 250 of the vehicle 220 at different locations on the
road 302.
[0081] The electronic device 210 receives data about
the surrounding area 250 of the vehicle 220 at different
locations on the road 302 in the form of LIDAR point cloud
312.
[0082] Generally speaking, the LIDAR point cloud 312
is a set of LIDAR points in the form of a 3D point cloud,
where a given LIDAR point 314 is a point in 3D space
indicative of at least a portion of a surface of a given
object on or around the road 302. In some non-limiting
embodiments of the present technology, the LIDAR point
cloud 312 may be organized in layers, where points in
each layer are also organized in an elliptical fashion and
the starting points of all elliptical layers are considered
to share a similar orientation.
[0083] The given LIDAR point 314 in the LIDAR point
cloud 312 is associated with LIDAR parameters 316 (de-
picted in Figure 3 as L1, L2, and LN). As a non-limiting
example, the LIDAR parameters 316 may include: dis-
tance, intensity, and angle, as well as other parameters
relating to information that may be acquired by a second
sensor 240. The second sensor 240 may acquire a
LIDAR point cloud at each time step t while the vehicle
220 is travelling, thereby acquiring a set of 3-D point cloud
data 310.
[0084] It is contemplated that in some non-limiting em-
bodiments of the present technology, the vehicle 220 can
also acquire images with the first sensor 230 and enrich
the LIDAR point cloud 312 with the image data obtained
from the first sensor 230. The process for enriching
LIDAR point cloud 312 with the image data obtained by
the first sensor 230 is described in a co-owned patent
application entitled METHODS AND SYSTEMS FOR
COMPUTER-BASED DETERMINING OF PRESENCE

OF OBJECTS, bearing an application number
16/369,865 filed with the United States Patent and Trade-
mark Office on March 29th, 2019, and having an attorney
docket 102351-002; the content of which is hereby in-
corporated by reference in its entirety.
[0085] With reference to Figure 4, there is depicted a
process 400 (also referred to as a grid representation
data acquisition procedure 400), executed by the proc-
essor 110, for receiving the grid representation data 402
of the surrounding area 250 around the vehicle 220. The
grid representation data 402 is associated with the vehi-
cle 220. In some non-limiting embodiments of the present
technology, the grid representation data 402 is centered
on the vehicle 220 and moves with the vehicle 220 as
the vehicle 220 moves along the road 302. Put another
way, the process 400 can be executed as the vehicle 220
moves in order to obtain a then current version of the grid
representation data 402.
[0086] In some embodiments of the present technolo-
gy, the process of obtaining the grid representation data
402 in a continuous or a substantially continuous manner.
For example, the process of obtaining the grid represen-
tation data 402 can be executed as often as permitted
by physical constraints (such as processing speed) of
the electronic device 210. In other non-limiting embodi-
ments of the present technology, the process of obtaining
the grid representation data 402 can be executed at pre-
determined time intervals, such as for example, every 2
ms, every 5 ms, or the like.
[0087] In some non-limiting embodiments of the
present technology, the grid representation data 402 con-
tains information about other objects located in the sur-
rounding area 250. In Figure 4, a single instance of an
other object 404 is depicted. In some non-limiting em-
bodiments of the present technology, the other object
404 can be a static object, or in other words, an object
that does not move (or is not intended to be moved). In
other words the other object 404 can be stationary that
the vehicle 220 moves relative to, but which does not
move relative to the Earth.
[0088] An example of the other object 404 that is sta-
tionary includes (but is not limited to): a house, an apart-
ment building, a tree, a fence, a raised side walk, a multi-
lane road raised divider, a parked vehicle, or the like. In
some non-limiting embodiments of the present technol-
ogy, the other object 404 (as an example of a plurality of
other objects being potentially present in the surrounding
area 250) can further include a movable (i.e. a non-static)
object.
[0089] In some embodiments of the present technolo-
gy, the grid representation data 402 can be obtained from
a memory associated with the electronic device 210. In
some embodiments of the present technology, the infor-
mation to generate the grid representation data 402 can
be stored in form of a map (such as 3D map, a High
Definition map, or the like). In other non-limiting embod-
iments of the present technology, the grid representation
data 402 can be generated "on the fly" by the electronic
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device 210, for example, based on image data obtained
by the first sensor 230.
[0090] In some non-limiting embodiments of the
present technology, the grid representation data 402
comprises an occupancy grid. Broadly speaking, the oc-
cupancy grid is a discretization of a road environment
data into fixed-sized cells, each of which contains an in-
dication of a probability the given cell is occupied. The
occupancy grid is a basic data structure that is used as
an alternative to storing full point clouds, for example.

Detection algorithm

[0091] In accordance with the non-limiting embodi-
ments of the present technology, the electronic device
210 is configured to execute a detection process 500,
schematically depicted in Figure 5. The detection proc-
ess 500 is configured to identify presence of objects in
the surrounding area 250, and more specifically, those
objects that may provide a collision risk to the vehicle
220 and, thus, may require a change in the trajectory of
the vehicle 220 (such as changing course, braking, ac-
celerating, and the like).
[0092] The detection process 500 has a data acquisi-
tion routine 502 and an object presence prediction routine
504. The data acquisition routine 502 is configured to
receive sensor data, such as the image of the surround-
ing area 250 from the first sensor 230 and the 3-D point
cloud data of the surrounding area 250 from the second
sensor 240. To the extent that that the vehicle 220 can
include additional sensors (not depicted), such as radars
and the like; the data acquisition routine 502 can be con-
figured to obtain sensor data provided by those additional
sensors.
[0093] The data acquisition routine 502 is configured
to transmit the so-captured data (the image of the sur-
rounding area 250 from the first sensor 230, the 3-D point
cloud data of the surrounding area 250 from the second
sensor 240, and the sensor data provided by those ad-
ditional sensors potentially present in the vehicle 220) to
the object presence prediction routine 504.
[0094] The object presence prediction routine 504 is
configured to determine, based on the so-captured data
(the image of the surrounding area 250 from the first sen-
sor 230, the 3-D point cloud data of the surrounding area
250 from the second sensor 240, and the sensor data
provided by those additional sensors potentially present
in the vehicle 220) presence of an object in the surround-
ing area 250 of the vehicle 220, such as for example, the
other object 404.
[0095] In some non-limiting embodiments of the
present technology, the object presence prediction rou-
tine 504 is configured to generate a prediction indicative
of a probability of a presence of the object in the sur-
rounding area 250 (such as the other object 404). As
such, in some non-limiting embodiments of the present
technology, the object presence prediction routine 504
can be implemented as Machine Learning Algorithm

(MLA) for generating the prediction. The MLA can be
Neural Network based, a decision tree based, or any oth-
er suitable type of the MLA.
[0096] In some non-limiting embodiments of the
present technology, the object presence prediction rou-
tine 504 uses a portion of the so-captured data (the image
of the surrounding area 250 from the first sensor 230,
the 3-D point cloud data of the surrounding area 250 from
the second sensor 240, and the sensor data provided by
those additional sensors potentially present in the vehicle
220). For example, the object presence prediction routine
504 can render the prediction based on the image data
alone. Alternatively, the object presence prediction rou-
tine 504 can render the prediction based on the 3-D point
cloud data alone.
[0097] In alternative non-limiting embodiments of the
present technology, the object presence prediction rou-
tine 504 uses a combination of the so-captured data (the
image of the surrounding area 250 from the first sensor
230, the 3-D point cloud data of the surrounding area 250
from the second sensor 240, and the sensor data pro-
vided by those additional sensors potentially present in
the vehicle 220). For example, the object presence pre-
diction routine 504 can render the prediction based on a
combination the image data and the 3-D point cloud data.
In yet another example, the object presence prediction
routine 504 can render the prediction based on a com-
bination of at least some of: the image data, the 3-D point
cloud data and the other sensor data.
[0098] As such, the output of the detection process 500
is a prediction 506 indicative of a probability of a presence
of the object in the surrounding area 250 (such as the
other object 404).

Machine Learning Algorithm (MLA) for predicting blind 
spots

[0099] In accordance with the non-limiting embodi-
ments of the present technology, the electronic device
210 is configured to execute a Machine Learning Algo-
rithm (MLA) for predicting a blind spot associated, for
example, with the second sensor 240.
[0100] With reference to Figure 6, there is depicted a
schematic illustration of an operation of an MLA 602. The
MLA 602 can be Neural Network based, a decision tree
based, or any other suitable type of the MLA. The MLA
602 can be a different MLA from the one used for imple-
menting the object presence prediction routine 504.
[0101] Broadly speaking, the MLA 602 is configured to
execute the following steps.

Step 604 - analyzing a first plurality of LIDAR points 
of the first point cloud data in relation to a response 
pattern of the plurality of lasers to determine a cur-
rent pattern of the LIDAR points.

[0102] As was depicted and described with reference
to Figure 3, the electronic device 210 is configured to
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execute the LIDAR data acquisition procedure 300 for
receiving the 3-D point cloud data 310 captured by the
second sensor 240 - i.e. the plurality of LIDAR points
represented as the LIDAR point cloud 312.
[0103] Generally speaking, the LIDAR point cloud 312
is a set of LIDAR points in the form of a 3D point cloud,
where a given LIDAR point 314 is a point in 3D space
indicative of at least a portion of a surface of a given
object on the road 302. In some embodiments of the
present technology, the LIDAR point cloud 312 may be
organized in layers, where points in each layer are also
organized in an elliptical fashion and the starting points
of all elliptical layers are considered to share a similar
orientation.
[0104] The given LIDAR point 314 in the LIDAR point
cloud 312 is associated with LIDAR parameters 316. As
a non-limiting example, the LIDAR parameters 316 may
include: distance, intensity, and angle, as well as other
parameters relating to information that may be acquired
by a second sensor 240. In some non-limiting embodi-
ments of the present technology, the LIDAR parameters
316 may further include a geometric pattern of the plu-
rality of lasers used by the second sensor 240 (i.e. how
the lasers a positioned relative to each other, relative to
the plane of the Earth, and the like).
[0105] The electronic device 210 is further configured
to analyze the received LIDAR point cloud 312 and the
LIDAR parameters 316 to generate a current pattern of
the LIDAR points, depicted in Figure 6 at 640. Broadly
speaking, the current pattern of the LIDAR points 640 is
representative of what the second sensor 240 currently
"sees" in terms of the LIDAR point cloud data (i.e. which
ones of the laser beams have been reflected, from which
distance, and the like - i.e. information derivable from the
LIDAR parameters 316 associated with each given
LIDAR point 314 of the LIDAR point cloud 312).
[0106] Thus, it can said that the current pattern of the
LIDAR points 640 is representative of a response pattern
of the plurality of lasers used by the second sensor 240
which in turn is indicative of a totality of responses that
the LIDAR should receive in response to emitting light
by the plurality of lasers.

Step 606 - retrieving a grid representation data of a 
surrounding area of the vehicle.

[0107] As was depicted and described with reference
to Figure 4, the electronic device 210 is configured to
execute the grid representation data acquisition proce-
dure 400 for receiving the grid representation data 402
of the surrounding area 250 around the vehicle 220. The
grid representation data 402 is associated with the vehi-
cle 220. In some non-limiting embodiments of the present
technology, the grid representation data 402 is centered
on the vehicle 220 and moves with the vehicle 220 as
the vehicle 220 moves along the road 302. Put another
way, the process 400 can be executed as the vehicle 220
moves in order to obtain a then current version of the grid

representation data 402.
[0108] It should be recalled that in some non-limiting
embodiments of the present technology, the grid repre-
sentation data 402 comprises an occupancy grid. Broadly
speaking, the occupancy grid is a discretization of a road
environment data into fixed-sized cells, each of which
contains an indication of a probability the given cell is
occupied. The occupancy grid is a basic data structure
that is used as an alternative to storing full point clouds,
for example.

Step 608 - based on the current pattern and the grid 
representation data, determining if the first plurality 
of LIDAR points is associated with a blind spot, the 
blind spot preventing the detection algorithm to de-
tect the presence of at least one object surrounding 
the vehicle conditioned on the at least one object 
being present.

[0109] The electronic device 210, utilizing the MLA 602
is configured to render a prediction 660, based on the
current pattern and the grid representation data, the pre-
diction 660 indicative of whether first plurality of LIDAR
points is associated with a blind spot, the blind spot pre-
venting the detection algorithm (executed as the detec-
tion process 500 described above) to detect the presence
of at least one object surrounding the vehicle 220 condi-
tioned on the at least one object being present.

Training phase - collection of a training set

[0110] Now, we will turn our attention to how the MLA
602 is trained. With reference to Figure 7, there is sche-
matically depicted a training process 702. The training
process 702 comprises acquiring a training set 704, the
training set 704 including plurality of training set objects,
each of the plurality of training set objects including: a
training pattern of the LIDAR points 706; a training grid
representation 708 data of an associated surrounding
training area; and a label 710 indicative of whether the
detection algorithm is able to detect the presence of at
least one training object surrounding the vehicle condi-
tioned on the at least one training object being present.
[0111] The training pattern of the LIDAR points 706
and the training grid representation 708 data can be cap-
tured by the aforementioned LIDAR data acquisition pro-
cedure 300 and grid representation data acquisition pro-
cedure 400, respectively, during a given point in time
(referred to herein below as a training point of time). The
electronic device 210 generates, for the training point of
time, the label 710 - the label 710 being indicative of
whether the detection algorithm (implemented as the de-
tection process 500) is able to detect the presence of at
least one training object surrounding the vehicle condi-
tioned on the at least one training object being present.
[0112] Now, in order to generate the label 710, the elec-
tronic device 210 needs two inputs: an indication of the
presence of the at least one training object surrounding
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the vehicle 220 (depicted at 740) and an indication of
whether the detection process 500 can predict the pres-
ence of the at least one training object surrounding the
vehicle 220 (depicted at 750).
[0113] In order to generate the indication of whether
the detection process 500 can predict the presence of
the at least one training object surrounding the vehicle
220 (depicted at 750), the electronic device 210 feeds
the training pattern of the LIDAR points 706 to the detec-
tion process 500 to render the prediction 506.
[0114] In order to generate the indication of the pres-
ence of the at least one training object surrounding the
vehicle 220 (depicted at 740), the electronic device 210
can analyze the image of the surrounding area 250 cap-
tured by the first sensor 230 and/or the image of the sur-
rounding area 250 captured by the first sensor 230 of
another vehicle looking at the surrounding area 250 from
a different vantage point.
[0115] The use of the image of the surrounding area
250 captured by the first sensor 230 of another vehicle
looking at the surrounding area 250 from the different
vantage point may be advantageous, as the other vehicle
may be able to "see" presence of an object in the sur-
rounding area 250 that may not be visible to the vehicle
220 as it may be in fact located in the blind spot of the
second sensor 240 and, thus, be undetectable by the
detection process 500.
[0116] In alternative non-limiting embodiments of the
present technology, the electronic device 210 can ana-
lyze the image of the surrounding area 250 captured by
the first sensor 230 at a previous point in time, together
with a movement trajectory associated with the object
present therein. The electronic device 210 can thus de-
termine, if based on the presence of the other object in
the previous view and its movement trajectory, if the
same object should be visible in the present moment in
time. In other words, the analyzing presence of at least
one training object can be based on determining that
based on the movement trajectory and a time difference
between a training time and the time prior, the at least
one training object should still be visible in the LIDAR
point cloud 312.
[0117] Thus, by analyzing the indication of the pres-
ence of the at least one training object surrounding the
vehicle 220 (depicted at 740) and the indication of wheth-
er the detection process 500 can predict the presence of
the at least one training object surrounding the vehicle
220 (depicted at 750), the electronic device 210 is con-
figured to generate the label 710, which is indicative of
whether or not the detection process 500 is configured
to actually detect the presence of the object (based on
the indication of whether the detection process 500 can
predict the presence of the at least one training object
surrounding the vehicle 220 (depicted at 750)), provided
that such object indeed exists (based on the indication
of the presence of the at least one training object sur-
rounding the vehicle 220 (depicted at 740)).
[0118] In order to generate such an analysis, the elec-

tronic device 210 is configured to execute a secondary
algorithm, whether the at least one training object is
present. The secondary algorithm can be implemented
as a heuristic based algorithm. Alternatively, the elec-
tronic device 210 can receive the indication of the pres-
ence of the at least one training object from an operator
of the electronic device 210.
[0119] Thus, if the object actually exists (based on the
indication of the presence of the at least one training ob-
ject surrounding the vehicle 220 (depicted at 740)), while
the detection process 500 is not being able to detect the
presence thereof (based on the indication of whether the
detection process 500 can predict the presence of the at
least one training object surrounding the vehicle 220 (de-
picted at 750)), the label 710 is indicative of the presence
of the blind spot in the LIDAR point cloud 312.
[0120] Thus, such the training set 704 is configured to
train the MLA 602 to correlate the current pattern of the
LIDAR point cloud 312 to the presence of the blind spots
in the LIDAR point cloud 312.

In-use application of the detection of the blind spot

[0121] As has been described above, the electronic
device 210, utilizing the MLA 602, is configured to render
the prediction 660, based on the current pattern and the
grid representation data, the prediction 660 indicative of
whether first plurality of LIDAR points of the LIDAR point
cloud 312 is associated with a blind spot, the blind spot
preventing the detection algorithm (executed as the de-
tection process 500 described above) to detect the pres-
ence of at least one object surrounding the vehicle 220
conditioned on the at least one object being present.
[0122] Based on the prediction 660, which may be as-
sociated with a binary indication of the presence of the
blind spot (or absence thereof) or a weighted indication
(i.e. indicative of the strength of the prediction) of whether
or not the blind spot is present, the electronic device 210
is configured to generate one or more remedial actions
associated with the vehicle 220.
[0123] For example, in response to the detection of the
blind spot in the first plurality of LIDAR points, the elec-
tronic device 210 may be configured to control the vehicle
220 to apply at least one remedial action. The at least
one remedial action can comprise obtaining additional
sensor data from at least one additional sensor associ-
ated with the vehicle 220 in an attempt to correct the blind
spot. For example, the electronic device 210 may obtain
image data from the first sensor 230 or other sensors
present on the vehicle 220 to supplement the prediction
506 made solely based on data available from the second
sensor 240 (or data from the second sensor 240 enriched
with data from another sensor, such as the first sensor
230).
[0124] In alternative non-limiting embodiments of the
present technology, the at least one remedial action may
comprise controlling the vehicle 220 to augment vehicle
movement (such as change the trajectory, or the like).
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More specifically, augmentation of the vehicle movement
can comprise causing the vehicle 220 one of: to slow
down, to change trajectory, to execute emergency brak-
ing and to accelerate.

Description of non-limiting embodiments of a method for 
processing LIDAR data

[0125] Given the architecture and examples provided
hereinabove, it is possible to execute a computer-imple-
mented method of processing Light Detection and Rang-
ing (LIDAR) point cloud data. The method can be exe-
cutable by the electronic device 210. With reference to
Figure 8, there is depicted a flow chart of a method 800,
the method 800 being executable in accordance with
non-limiting embodiments of the present technology. It
is noted that in accordance with the non-limiting embod-
iments of the present technology, the method 800 can
be useful for detecting blind spots associated with the
second sensor 240 and the captured current 3-D point
cloud data of the surrounding area 250.

Step 802 - receiving, by the electronic device, a first 
LIDAR point cloud data captured by the LIDAR

[0126] The method 800 begins at step 802, where the
electronic device executes receiving a first LIDAR point
cloud data captured by the LIDAR (i.e. the second sensor
240). This process can be executed as described above
with reference to the LIDAR data acquisition procedure
300.
[0127] Step 804 - executing, by the electronic de-
vice, a Machine Learning Algorithm (MLA), the MLA
configured to execute: analyzing, by the electronic
device, the first plurality of LIDAR points of the first
LIDAR point cloud data in relation to a response pat-
tern of the plurality of lasers to determine a current
pattern of the LIDAR points; retrieving, by the elec-
tronic device, a grid representation data of a sur-
rounding area of the vehicle; based on the current
pattern and the grid representation data, determining
if the first plurality of LIDAR points is associated with
a blind spot, the blind spot preventing the detection
algorithm to detect the presence of at least one object
surrounding the vehicle conditioned on the at least
one object being present
[0128] At step 804, the electronic device 210 executes
the MLA 602. The MLA 602 is configured to execute:
analyzing the first plurality of LIDAR points of the first
LIDAR point cloud data in relation to a response pattern
of the plurality of lasers to determine a current pattern of
the LIDAR points; retrieving the grid representation data
402 of the surrounding area 250 of the vehicle 220; based
on the current pattern and the grid representation data
402, determining if the first plurality of LIDAR points is
associated with a blind spot, the blind spot preventing
the detection algorithm (i.e. the detection process 500)
to detect the presence of at least one object surrounding

the vehicle conditioned on the at least one object being
present.
[0129] In some implementations of the method 800,
the method 800 further comprises training the MLA.
Training of the MLA 602 was described above, in detail,
with reference to Figure 7 (training process 702). To re-
cap, the training process 702 can include: feeding the
MLA with a plurality of training set objects, each of the
plurality of training set objects including: a training pattern
of the LIDAR points; a training grid representation data
of an associated surrounding training area; a label indic-
ative of whether the detection algorithm is able to detect
the presence of at least one training object surrounding
the vehicle conditioned on the at least one training object
being present.
[0130] In some implementations of the method 800,
the method 800 further comprises determining, by a sec-
ondary algorithm, whether the at least one training object
is present.
[0131] In order to generate the indication of the pres-
ence of the at least one training object surrounding the
vehicle 220 (depicted at 740), the electronic device 210
can analyze the image of the surrounding area 250 cap-
tured by the first sensor 230 and/or the image of the sur-
rounding area 250 captured by the first sensor 230 of
another vehicle looking at the surrounding area 250 from
a different vantage point.
[0132] The use of the image of the surrounding area
250 captured by the first sensor 230 of another vehicle
looking at the surrounding area 250 from the different
vantage point may be advantageous, as the other vehicle
may be able to "see" presence of an object in the sur-
rounding area 250 that may not be visible to the vehicle
220 as it may be in fact located in the blind spot of the
second sensor 240 and, thus, be undetectable by the
detection process 500.
[0133] In alternative non-limiting embodiments of the
present technology, the electronic device 210 can ana-
lyze the image of the surrounding area 250 captured by
the first sensor 230 at a previous point in time, together
with a movement trajectory associated with the object
present therein. The electronic device 210 can thus de-
termine, if based on the presence of the other object in
the previous view and its movement trajectory, if the
same object should be visible in the present moment in
time. In other words, the analyzing presence of at least
one training object can be based on determining that
based on the movement trajectory and a time difference
between a training time and the time prior, the at least
one training object should still be visible in the LIDAR
point cloud 312.
[0134] Thus, by analyzing the indication of the pres-
ence of the at least one training object surrounding the
vehicle 220 (depicted at 740) and the indication of wheth-
er the detection process 500 can predict the presence of
the at least one training object surrounding the vehicle
220 (depicted at 750), the electronic device 210 is con-
figured to generate the label 710, which is indicative of
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whether or not the detection process 500 is configured
to actually detect the presence of the object (based on
the indication of whether the detection process 500 can
predict the presence of the at least one training object
surrounding the vehicle 220 (depicted at 750)), provided
that such object indeed exists (based on the indication
of the presence of the at least one training object sur-
rounding the vehicle 220 (depicted at 740)).
[0135] In order to generate such an analysis, the elec-
tronic device 210 is configured to execute a secondary
algorithm, whether the at least one training object is
present. The secondary algorithm can be implemented
as a heuristic based algorithm. Alternatively, the elec-
tronic device 210 can receive the indication of the pres-
ence of the at least one training object from an operator
of the electronic device 210.
[0136] In some non-limiting embodiments of the meth-
od 800, the method 800 further comprises in response
to the detection of the blind spot in the first plurality of
LIDAR points, controlling the vehicle 220 to apply at least
one remedial action. The at least one remedial action
can include obtaining additional sensor data from at least
one additional sensor associated with the vehicle 220 in
an attempt to correct the blind spot. For example, the
electronic device 210 can trigger the first sensor 230 to
capture and provide image data for further analysis by
the electronic device 210.
[0137] In alternative non-limiting embodiments of the
method 800, the at least one remedial action comprises
controlling the vehicle 220 to augment vehicle move-
ment. As an example, controlling the vehicle 220 to aug-
ment vehicle movement comprises causing the vehicle
one of: to slow down, to change trajectory, to execute
emergency braking and to accelerate.
[0138] In some non-limiting embodiments of the meth-
od 800, the determining if the first plurality of LIDAR
points is associated with the blind spot is further based
on a geometric pattern of the plurality of lasers. For ex-
ample, the electronic device 210 can receive an indica-
tion of a vertical scanning height of the second sensor
240. In some non-limiting embodiments of the present
technology, the electronic device 210 can receive an in-
dication of spatial positioning of lasers that make up the
second sensor 240. In these non-limiting embodiments
of the present technology, the electronic device 210 can
use this additional information as a feature for the MLA
602 or as an additional aid in determining if the blind spot
is present (for example, to filter out areas that are above
visibility of the second sensor 240).
[0139] In some non-limiting embodiments of the meth-
od 800, the response pattern of the plurality of lasers is
indicative of a totality of response that the LIDAR should
receive in response to emitting light by the plurality of
lasers.
[0140] Modifications and improvements to the above-
described implementations of the present technology
may become apparent to those skilled in the art. The
foregoing description is intended to be exemplary rather

than limiting. The scope of the present technology is
therefore intended to be limited solely by the scope of
the appended claims.

Claims

1. A method (800) of processing Light Detection and
Ranging (LIDAR) point cloud data, the method (800)
executable by an electronic device (210), communi-
catively coupled to a LIDAR installed on a vehicle
(220), the LIDAR having a plurality of lasers and con-
figured for capturing LIDAR point cloud data having
a plurality of LIDAR points, the electronic device
(210) further executing a detection algorithm (500)
for detecting presence of at least one object sur-
rounding the vehicle (220) based on the LIDAR point
cloud data, the method (800) comprising:

receiving, by the electronic device (210), a first
LIDAR point cloud data captured by the LIDAR;
executing, by the electronic device (210), a Ma-
chine Learning Algorithm (MLA) (602), the MLA
(602) configured to execute:

analyzing, by the electronic device (210), a
first plurality of LIDAR points of the first
LIDAR point cloud data in relation to a re-
sponse pattern of the plurality of lasers to
determine a current pattern of the first plu-
rality of LIDAR points;
retrieving, by the electronic device (210), a
grid representation data (402) of a sur-
rounding area (250) of the vehicle (220);
based on the current pattern and the grid
representation data (402), determining if the
first plurality of LIDAR points is associated
with a blind spot, the blind spot preventing
the detection algorithm to detect the pres-
ence of at least one object surrounding the
vehicle (220) conditioned on the at least one
object being present.

2. The method (800) of claim 1, further comprising train-
ing the MLA (602) by:
feeding the MLA (602) with a plurality of training set
objects, each of the plurality of training set objects
including:

a training pattern of the LIDAR points;
a training grid representation data of an associ-
ated surrounding training area;
a label (710) indicative of whether the detection
algorithm is able to detect the presence of at
least one training object surrounding the vehicle
(220) conditioned on the at least one training
object being present.
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3. The method (800) of claim 2, further comprising de-
termining, by a secondary algorithm, whether the at
least one training object is present.

4. The method (800) of claim 3, wherein the secondary
algorithm comprises one of:

- analyzing image data captured by one of the
vehicle (220) and another vehicle, the image da-
ta indicative of the at least one training object
being present, and
- analyzing presence of at least one training ob-
ject at a time prior to executing the training and
a movement trajectory associated therewith.

5. The method (800) of claim 4, wherein the analyzing
presence of at least one training object further com-
prises determining that based on the movement tra-
jectory and a time difference between a training time
and the time prior, the at least one training object
should still be visible in the LIDAR points.

6. The method (800) of any of claims 1-5, wherein in
response to the detection of the blind spot in the first
plurality of LIDAR points, the method (800) further
comprises controlling the vehicle (220) to apply at
least one remedial action.

7. The method (800) of claim 6, wherein the at least
one remedial action comprises one or both of: (i)
obtaining additional sensor data from at least one
additional sensor associated with the vehicle (220)
in an attempt to correct the blind spot, and (ii)
controlling the vehicle (220) to augment vehicle
movement, wherein augmenting vehicle movement
comprises causing the vehicle (220) to do one or
more ofslow down, change trajectory, execute emer-
gency braking, and accelerate.

8. The method (800) of any of claims 1-7, wherein the
determining if the first plurality of LIDAR points is
associated with the blind spot is further based on a
geometric pattern of the plurality of lasers.

9. The method (800) of any of claims 1-8, wherein the
response pattern of the plurality of lasers is indicative
of a totality of response that the LIDAR should re-
ceive in response to emitting light by the plurality of
lasers.

10. The method (800) of any of claims 1-9, wherein the
grid representation data is (402) representative of a
grid with a center point located at the vehicle (220),
and optionally wherein the grid moves with a move-
ment of the vehicle (220).

11. The method (800) of any of claims 1-10, further com-
prising generating the grid representation data (402)

as an occupancy grid.

12. A system comprising:

an electronic device (210),
a LIDAR communicatively coupled to the elec-
tronic device (210), the LIDAR having a plurality
of lasers and configured for capturing LIDAR
point cloud data having a plurality of LIDAR
points,
the electronic device (210) configured to exe-
cute a detection algorithm for detecting pres-
ence of at least one object in a surrounding area
(250) based on the LIDAR point cloud data,
the electronic device (210) configured to:

receive a first LIDAR point cloud data cap-
tured by the LIDAR;
execute a Machine Learning Algorithm
(MLA) (602), the MLA (602) configured to
execute:

analyzing, by the electronic device
(210), a first plurality of LIDAR points
of the first LIDAR point cloud data in
relation to a response pattern of the plu-
rality of lasers to determine a current
pattern of the LIDAR points;
retrieving, by the electronic device
(210), a grid representation data (402)
of the surrounding area (250);
based on the current pattern and the
grid representation data (402), deter-
mining if the first plurality of LIDAR
points is associated with a blind spot,
the blind spot preventing the detection
algorithm to detect the presence of at
least one object in the surrounding area
(250) conditioned on the at least one
object being present.

13. The system of claim 12, wherein the LIDAR is asso-
ciated with a vehicle (220), and optionally wherein
the LIDAR and the electronic device (210) are
mounted on a vehicle (220).

14. The system of claim 12 or claim 13, wherein the de-
tection algorithm is a first MLA different from the
MLA.

15. The system of any of claims 12-14, wherein the elec-
tronic device (210) is at least one of a local electronic
device, a server remotely coupled to the vehicle, and
a sub-system of the local electronic device and the
server.
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Amended claims in accordance with Rule 137(2)
EPC.

1. A method (800) of processing Light Detection and
Ranging (LIDAR) point cloud data, the method (800)
executable by an electronic device (210), communi-
catively coupled to a LIDAR installed on a vehicle
(220), the LIDAR having a plurality of lasers and con-
figured for capturing LIDAR point cloud data having
a plurality of LIDAR points, the electronic device
(210) further executing a detection algorithm (500)
for detecting presence of at least one object sur-
rounding the vehicle (220) based on the LIDAR point
cloud data, the method (800) comprising:

receiving, by the electronic device (210), a first
LIDAR point cloud data captured by the LIDAR;
executing, by the electronic device (210), a Ma-
chine Learning Algorithm (MLA) (602), the MLA
(602) configured to execute:

analyzing, by the electronic device (210), a
first plurality of LIDAR points of the first
LIDAR point cloud data in relation to a re-
sponse pattern of the plurality of lasers to
determine a current pattern of the first plu-
rality of LIDAR points;
retrieving, by the electronic device (210), a
grid representation data (402) of a sur-
rounding area (250) of the vehicle (220);
based on the current pattern and the grid
representation data (402), determining if the
LIDAR is associated with a blind spot, the
blind spot preventing the detection algo-
rithm to detect the presence of at least one
object surrounding the vehicle (220) condi-
tioned on the at least one object being
present; and

further comprising training the MLA (602) by:
feeding the MLA (602) with a plurality of training set
objects, each of the plurality of training set objects
including:

a training pattern of the LIDAR points;
a training grid representation data of an associ-
ated surrounding training area;
a label (710) indicative of whether the detection
algorithm is able to detect the presence of at
least one training object surrounding the vehicle
(220) conditioned on the at least one training
object being present, wherein the label is gen-
erated based on inputs including an indication
of the presence of the at least one training object
surrounding the vehicle and an indication of
whether the detection algorithm is able to predict
the presence of the at least one training object
surrounding the vehicle.

2. The method (800) of claim 1, further comprising de-
termining, by a secondary algorithm, whether the at
least one training object is present.

3. The method (800) of claim 2, wherein the secondary
algorithm comprises one of:

- analyzing image data captured by one of the
vehicle (220) and another vehicle, the image da-
ta indicative of the at least one training object
being present, and
- analyzing presence of at least one training ob-
ject at a time prior to executing the training and
a movement trajectory associated therewith.

4. The method (800) of claim 2, wherein the secondary
algorithm comprises analyzing presence of at least
one training object at a time prior to executing the
training and a movement trajectory associated there-
with, and wherein the analyzing presence of at least
one training object further comprises determining
that based on the movement trajectory and a time
difference between a training time and the time prior,
the at least one training object should still be visible
in the LIDAR points.

5. The method (800) of any of claims 1-4, wherein in
response to the detection of the blind spot, the meth-
od (800) further comprises controlling the vehicle
(220) to apply at least one remedial action.

6. The method (800) of claim 5, wherein the at least
one remedial action comprises one or both of: (i)
obtaining additional sensor data from at least one
additional sensor associated with the vehicle (220)
in an attempt to correct the blind spot, and (ii)
controlling the vehicle (220) to augment vehicle
movement, wherein augmenting vehicle movement
comprises causing the vehicle (220) to do one or
more ofslow down, change trajectory, execute emer-
gency braking, and accelerate.

7. The method (800) of any of claims 1-6, wherein the
determining if the LIDAR is associated with the blind
spot is further based on a geometric pattern of the
plurality of lasers, wherein the geometric pattern in-
cludes an indication of a vertical scanning height of
the LIDAR or an indication of spatial positioning of
the lasers that make up the LIDAR

8. The method (800) of any of claims 1-7, wherein the
grid representation data is (402) representative of a
grid with a center point located at the vehicle (220),
and optionally wherein the grid moves with a move-
ment of the vehicle (220).

9. The method (800) of any of claims 1-8, further com-
prising generating the grid representation data (402)
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as an occupancy grid.

10. A system comprising:

an electronic device (210),
a LIDAR communicatively coupled to the elec-
tronic device (210), the LIDAR having a plurality
of lasers and configured for capturing LIDAR
point cloud data having a plurality of LIDAR
points,
the electronic device (210) configured to exe-
cute a detection algorithm for detecting pres-
ence of at least one object in a surrounding area
(250) based on the LIDAR point cloud data,
the electronic device (210) configured to:

receive a first LIDAR point cloud data cap-
tured by the LIDAR;
execute a Machine Learning Algorithm
(MLA) (602), the MLA (602) configured to
execute:

analyzing, by the electronic device
(210), a first plurality of LIDAR points
of the first LIDAR point cloud data in
relation to a response pattern of the plu-
rality of lasers to determine a current
pattern of the LIDAR points;
retrieving, by the electronic device
(210), a grid representation data (402)
of the surrounding area (250);
based on the current pattern and the
grid representation data (402), deter-
mining if the LIDAR is associated with
a blind spot, the blind spot preventing
the detection algorithm to detect the
presence of at least one object in the
surrounding area (250) conditioned on
the at least one object being present;
and

train the MLA (602) by:
feeding the MLA (602) with a plurality of training
set objects, each of the plurality of training set
objects including:

a training pattern of the LIDAR points;
a training grid representation data of an as-
sociated surrounding training area;
a label (710) indicative of whether the de-
tection algorithm is able to detect the pres-
ence of at least one training object sur-
rounding the vehicle (220) conditioned on
the at least one training object being
present, wherein the label is generated
based on inputs including an indication of
the presence of the at least one training ob-
ject surrounding the vehicle and an indica-

tion of whether the detection algorithm is
able to predict the presence of the at least
one training object surrounding the vehicle.

11. The system of claim 10, wherein the LIDAR is asso-
ciated with a vehicle (220), and optionally wherein
the LIDAR and the electronic device (210) are
mounted on a vehicle (220).

12. The system of any of claims 10 or 11, wherein the
electronic device (210) is at least one of a local elec-
tronic device, a server remotely coupled to the vehi-
cle, and a sub-system of the local electronic device
and the server.
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