WO 2023/181041 PCT/1L2023/050308

1/20

Imaging device Sensor 2 /

125 \
Sensor N :

130

___________________ ———— ey N —

FIG. 1



WO 2023/181041

L

Obtaining data |
Decamera informative I
of an orientation i
and/or a height of |
the imaging device |
and feeding Dcamera |
to the neural 1
network i

PCT/1L2023/050308

2/20

Obtaining at least one image of a marine object,
acquired by an imaging device of a marine vessel

y

Feeding the image to at least one neural network

L/

A 4

v v

Obtaining data
Denvironmental
informative of the
environment in
which the image has
been acquired and
feeding Denvironmental
to the neural
network

.-----_-----.‘._---_----J

Using the at least one neural network to estimate a
distance between the marine vessel and the
marine object

240

FIG. 2A

200

210

220



WO 2023/181041 PCT/1L2023/050308

3/20

270

125




WO 2023/181041 PCT/1L2023/050308

4/20

125

FIG. 2D

Pn

DV

FIG. 2E



WO 2023/181041

PCT/1L2023/050308

5/20

Obtaining a plurality of images of a marine object, /300
acquired by an imaging device of a marine vessel
: 310
Feeding each image to at least one neural network s
A 4
Using the at least one neural network to estimate, for
each image of the plurality of images, one or more
candidate distances between the marine vessel and 320
_ o the marine object, thereby obtaining, based on the P~
Obtaining data i plurality of images, a set of candidate distances over
Dphysical informative | time
of an expected i
motion of the i i
marine object 1 Using the set of candidate distances to estimate a 330
""""" [““'““' distance between the marine vessel and the marine P
object
FIG. 3A
370 370 370
// // //
T T2 TN
P PA P
Adb, k. Jdl
D D

375
{

376

377 D

of

390 é

N Estimated distance for [T1;Tn]

FIG. 3B



WO 2023/181041

PCT/IL2023/050308
6/20
PA 7 380
7 /
375" |(]] _|-| ,
B 30
P4 - Estimated
160 |L—0 /|1 -h »| 385 » distance
376 :D for [T1;TN]
Plk
lufl
577 (dlln,
> -
FIG. 3C

Determining data Duaistribution informative of a frequency
distribution of the candidate distances within the set of

391
e
candidate distances
A 4
Using the frequency distribution to estimate a distance /392
between the marine vessel and the marine object

FIG. 3D



PCT/1L2023/050308

WO 2023/181041

7120

abew! usalb sy) ul
108(qo aulew usAlb
8y} Jo Uonejuslio
ue Jo aAlewlolul
:O_«mwcwtoo wwbj_oc_
Blep paj|agen

l_________\_______

v 'Old

ory

A 4

0187

Buluiel) syl Joj YJoMmiau [BINBU SUO 1SEI| Je O}
elep pa|lege| sy pue sabewl jo Ayjelnid syj Bulposy

abewi usAIb
oy} Jo uonisinboe i
Buunp suonipuoo
[BIUBLIUOJIAUD
10 SABULIOI
[eyusWuCIAUS(] SBPN|OUI
ejep pajlegeT !

f

I

ooy

198[qo sullew UsAIb sy pue [8SSaA
auLleW UsAID ay) usamed sdoUBlSIp B JO SAlEDIPUI
[ege| uaAIb e ‘eBew usAIb yoes Joj ‘sepnjoul Blep
pa|[ege| 8y} Ulslaym ‘|8sseA aulell UsAIb e Jo 8o1Aep
Buibewi usalb e Ag pasinboe 108lgo suew usalb e
Buipniour sebewi jo Ajljelnid sy} Jo abewi usaIb yoes
‘elep pajlege| pue sabewl jo Aueinid e BuiuielgO

abewi usalb
8y} Jo uonisinboe
BuLnp ylomsu
20inap Buibew
au Joybrey e
Jo/pue uoljejusLIo
Ue JO aAlEewIoUI
BISWES(] SQPN|DUI
elep paj|leqe

IR

ocy

I T T Y




WO 2023/181041

PA

520

PCT/1L2023/050308

8/20
520
530 540
FIG. 5
Assessing performance of the neural network in its /610
distance estimation
\ 4
Determining a scenario in which the image has been 620
acquired /
A 4
Retraining the neural network with a training set 630

corresponding to this scenario

FIG. 6A

[ 600

FIG. 6B

UV



WO 2023/181041

9/20

PCT/1L2023/050308

Obtaining first data including first position
data informative of a position of first
marine objects derived from images

acquired by an imaging device

700

\

Obtaining second data including second
position data informative of a position of
second marine objects provided by
another sensor

710

\

A

Using the first position data and the
second position data to estimate data
informative of at least one of a height and
an orientation of the imaging device

720

FIG.7

Obtaining first data including a set of first
position data informative of a position
over time of first marine objects derived
from images acquired by an imaging
device

7001

A 4

Obtaining second data including a set of
second position data informative of a
position over time of second marine

objects derived from images acquired by

an imaging device

7101

A

Using the set of first position data and the
set of second position data to estimate
data informative of at least one of a
position and an attitude of the imaging
device

/7201

FIG. 7A



WO 2023/181041 PCT/1L2023/050308
10/20
3
o G @ (
(DA ( © (2 1) @)
732
t ts
i ] | X ] { Y
735 738
730 731 733 734 736 37

FIG. 7B




WO 2023/181041

Incrementing i
by one and
repeating for

T1+1#T 1)
and
Tei+1#T2;

PCT/1L2023/050308

11120

informative of a position of first marine objects

device of the marine vessel

Obtaining first data including first position data

700i

FIRSTMOBJof period first a at FIRSTMOBJN,i to i,1 /
time T1,;, wherein the first position data is obtained
based on images acquired by the least one imaging

A 4

Obtaining second data including second position data
informative of a position of second marine objects
SNDMOBJ1,ito SNDMOBJwm,iat a second period of time
Tz, wherein the first period of time T4, and the second
period of time Tz,i meet a synchronization criterion

710i

A 4

device of the marine vessel

720

Using the first position data and the second position /
data to estimate data informative of at least one of a
height and an orientation of the at least one imaging

FIG.7C

723

A 4

Projecting first position data informative of a position
of the first marine objects and second position data
informative of a position of the second marine objects
into a common referential

/ 721

A 4

Solving an optimization problem, in which data
informative of position/attitude of the imaging device
is estimated to enable matching of position of the first
marine objects and position of the second marine
objects

722

\

FIG. 7D



WO 2023/181041 PCT/1L2023/050308

12/20

7525\1\9 O AOO

752

o) A’, 755

FIG. 7E

Converting the coordinates of a bounding box
surrounding a given marine object into a single point

+
Converting the coordinates of the given marine object in /791

the image into a bearing of the given marine object

! 792
Determining an artificial horizon line equation in the

image

¥

Determining an angle of the given marine object to the /

artificial horizon line

! 794
Determining a distance between the marine vessel and
the given marine object

Determining latitude and longitude of the given marine
object

FIG. 7F



WO 2023/181041 PCT/1L2023/050308

13/20

imgy
| |
e I A ——
target_bounding_boxi
~ ~ '.t.,.... ".,,.'. Onlmgbean-ng
~ e, .,
~ o, v,
S~ ‘e, '.,.
~ 2N § .,
-~ ., ",
~ Yo, .,
N .,.. N
~ ~ e, 120
-~ ~
FIG. 7G
img,,
1
™\ ~ i
AN i artifical_horizon_line \(xZ’ ¥y2)

img;, 4




WO 2023/181041 PCT/1L2023/050308

14/20

imgy,

N artifical_horizon_line

img, 4

FIG. 71

799




WO 2023/181041 PCT/1L2023/050308

15/20

751

755

Zb Q 752

760
@O

FIG. 7K

Projecting first position data informative of a position

of the first marine objects at time ti and second 724

\ 4

\

727 position data informative of a position of the second
| marine objects at time ti into a common referential
Increasing
“I” by one 726
A 4

Solving an optimization problem, in which data / 725

informative of position/attitude of the imaging device
is estimated to enable matching of position of the first
marine objects at time ti and position of the second
marine objects at time ti

FIG. 7L



WO 2023/181041 PCT/1L2023/050308

16/20
771 773 752 752 752

771 777
| | / 1 | / 79 T8y
@1l 22 @1 2 62’1) (2.2)

@Ay (1.2 (1, (1,2
Z%1,1) (1,2)

t to
1

772 / \

770 774 776
778 280

FIG. 7TM

785

Obtaining tracking data informative of the /
first marine objects and second marine
objects over time

A4
Using the tracking data to improve 786

matching of position of the first marine /
objects and position of the second

marine objects

FIG. 7N



WO 2023/181041

17120

PCT/1L2023/050308

820

FIG. 8A

Obtaining data informative of a type of
the first marine objects and a type of the
second marine objects

A\ 4

Using the data informative of a type of
the first marine objects and a type of the
second marine objects to improve
matching of position of the first marine
objects and position of the second
marine objects

FIG. 8B

850

860



WO 2023/181041

18/20

Obtaining first data including first position data
informative of a position of first marine objects derived
from images acquired by an imaging device

¥

Obtaining second data including second position data
informative of a position of second marine objects
provided by another sensor

v

Determining a current state for data informative of height
and/or orientation of the imaging device

v

With current state for data informative of height and/or
orientation of the imaging device, projecting first position
data and second position data into a common referential

¥

A\ 4

Determining data informative of at least one of a height

and an orientation of the imaging device to optimize a

matching between position of at least some of the first
marine objects and position of at least some of the
second marine objects in the common referential

NO

Is convergence

criterion met?

\ N

N

PCT/1L2023/050308

910

920

930

940

950

Outputting estimation of data informative of height and/or
orientation of the imaging device

\

!

960

Determining absolute position of marine objects

FIG. 9A



WO 2023/181041 PCT/IL2023/050308
19/20

Obtaining first data including first position data informative of a 900
position of first marine objects derived from images acquired by an L~
imaging device

+

Obtaining second data including second position data informative 910
of a position of second marine objects provided by a first sensor L~

1]

Obtaining third data including third position data informative of a /915
position of third marine objects provided by a second sensor

¥

Merging the second marine objects and the third marine objects | _~ 916
into an aggregated set of marine objects, each object associated
with position data

*

Generating current state for data informative of position and/or L~
attitude of the imaging device

¥

With current state for data informative of position and/or attitude of 930
the imaging device, projecting first position data and position data L~
into a common referential

]

Determining data informative of at least one of a position and an
attitude of the imaging device to optimize a matching between 939
position of at least some of the first marine objects and position of —~
at least some of the marine objects of the aggregated set of
marine objects

NO Is convergence

criterion met?

950

Outputting estimation of data informative of position /
and/or attitude of the imaging device

FIG. 9B



WO 2023/181041 PCT/IL2023/050308
20/20

Obtaining first data including first position data informative of a
. ) . ; . . . 1000

position of first marine objects derived from a given image L~
acquired by a given imaging device

]

Obtaining second data including second position data informative |~
of a position of second marine objects provided by another sensor

*
Determining that a marine object of the first marine objects and a
marine object of the second marine objects correspondto a same | _~ 1015
given marine object acquired respectively by the given imaging
device and the at least one sensor

¥
Determining a given distance between the given marine vessel
and the given marine object using data provided by the at least
one sensor

+
Generating a labelled image, wherein the labelled image
comprises the given image and a label comprising said given
distance

1010

1020

1030

FIG. 10



