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(67)  Various example embodiments generally relate
to navigation systems for vehicles. A server may receive
information associated with objects detected by a vehi-
cle. The server may further receive an indication of a
location of the vehicle. The server may obtain verification
information associated with the detected objects or the
vehicle from other data sources and determine a detec-
tion capability indicator for the vehicle based on the re-
ceived object and/or location information and the verifi-
cation information. The server may provide an indication
of the detection capability indicator to a client associated
with the vehicle or control navigation of the vehicle. Ap-
paratuses, methods, and computer programs are dis-
closed.
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Description
TECHNICAL FIELD

[0001] Various example embodiments generally relate
to the field of navigation systems for vehicles. In partic-
ular, some example embodiments relate to verifying or
improving detection capabilities of autonomous, semi-
autonomous, or non-autonomous vehicles.

BACKGROUND

[0002] Navigation systems may be based on informa-
tion acquired locally at vehicles. Each vehicle may com-
prise a positioning system to determine a location of the
vehicle. Each vehicle may be further equipped with sen-
sors to determine information about nearby vehicles or
other objects. However, reliability of the locally detected
information may not be sufficient for all applications.

SUMMARY

[0003] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the detailed description. This summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used to limit the scope of the claimed subject matter.
[0004] Example embodiments of the present disclo-
sure enable verifying or improving reliability of local de-
tections in vehicle navigation systems. These benefits
may be achieved by the features of the independent
claims. Further implementation forms are provided in the
dependent claims, the description, and the drawings.
[0005] According to an aspect, an apparatus compris-
es means for receiving, from a client associated with a
vehicle, information associated with at least one object
detected by the vehicle and/or a location of the vehicle;
means for obtaining verification information associated
with the at least one object or the location of the vehicle
from at least one data source; and means for determining
a detection capability indicator for the vehicle based on
the verification information and at least one of: the infor-
mation associated with the at least one object or the lo-
cation of the vehicle.

[0006] According to an aspect, a method comprises
receiving, from a client associated with a vehicle, infor-
mation associated with at least one object detected by
the vehicle and/or a location of the vehicle; obtaining ver-
ification information associated with the at least one ob-
ject or the location of the vehicle from at least one data
source; and determining a detection capability indicator
for the vehicle based on the verification information and
at least one of: the information associated with the at
least one object or the location of the vehicle.

[0007] According to an aspect, a computer program is
configured, when executed by an apparatus, to cause
the apparatus atleast to: receive, from a clientassociated
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with a vehicle, information associated with at least one
object detected by the vehicle and/or a location of the
vehicle; obtain verification information associated with
the at least one object or the location of the vehicle from
at least one data source; and determine a detection ca-
pability indicator for the vehicle based on the verification
information and at least one of: the information associ-
ated with the at least one object or the location of the
vehicle.

[0008] According toan aspectan apparatus comprises
atleastone processor; and atleastone memory including
computer program code; the at least one memory and
the computer program code configured to, with the at
least one processor, cause the apparatus at least to: re-
ceive, from a client associated with a vehicle, information
associated with at least one object detected by the vehi-
cle and/or a location of the vehicle; obtain verification
information associated with the at least one object or the
location of the vehicle from at least one data source; and
determine a detection capability indicator for the vehicle
based on the verification information and at least one of:
the information associated with the at least one object or
the location of the vehicle.

[0009] According to an aspect, an apparatus compris-
es means for detecting a location of a vehicle; means for
detecting at least one object; means for determining in-
formation associated with the at least one object; means
for transmitting the information associated with the at
least one object or the location of the vehicle to a server;
and means for receiving, from the server, a detection
capability indicator associated with the vehicle.

[0010] According to an aspect, a method comprises
detecting a location of a vehicle; detecting at least one
object; determining information associated with the at
least one object; transmitting the information associated
with the at least one object or the location of the vehicle
to a server; and receiving, from the server, a detection
capability indicator associated with the vehicle.

[0011] According to an aspect, a computer program is
configured, when executed by an apparatus, to cause
the apparatus at least to: detect a location of a vehicle;
detect at least one object; determine information associ-
ated with the at least one object; transmit the information
associated with the at least one object or the location of
the vehicle to a server; and receive, from the server, a
detection capability indicator associated with the vehicle.
[0012] Accordingtoan aspectan apparatus comprises
atleastone processor; and atleastone memory including
computer program code; the at least one memory and
the computer program code configured to, with the at
least one processor, cause the apparatus at least to: de-
tect a location of a vehicle; detect at least one object;
determine information associated with the at least one
object; transmit the information associated with the at
least one object or the location of the vehicle to a server;
and receive, from the server, a detection capability indi-
cator associated with the vehicle.

[0013] Many of the attendant features will be more
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readily appreciated as they become better understood
by reference to the following detailed description consid-
ered in connection with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are includ-
ed to provide a further understanding of the example em-
bodiments and constitute a part of this specification, il-
lustrate example embodiments and together with the de-
scription help to understand the example embodiments.
In the drawings:

FIG. 1illustrates an example of amaritime navigation
control system, according to an example embodi-
ment;

FIG. 2 illustrates an example of an apparatus con-
figured to practice one or more example embodi-
ments;

FIG. 3 illustrates an example of improving reliability
of local detections by satellite and shore-side detec-
tions, according to an example embodiment.

FIG. 4 illustrates an example of a neural network,
according to an example embodiment.

FIG. 5 illustrates an example of an elementary com-
putation unit, according to an example embodiment.
FIG. 6 illustrates an example of an artificial intelli-
gence based detection model, according to an ex-
ample embodiment.

FIG. 7 illustrates an example of a sequence diagram
for determining a detection capability indicator for a
vessel, according to an example embodiment;

FIG. 8 illustrates an example of visualization of nav-
igation control data, according to an example em-
bodiment;

FIG. 9 illustrates an example of a method for deter-
mining detection capability indicator for a vehicle at
a server, according to an example embodiment; and
FIG. 10 illustrates an example of a method for re-
ceiving a detection capability indicator of a vehicle
at a client, according to an example embodiment.

[0015] Like references are used to designate like parts
in the accompanying drawings.

DETAILED DESCRIPTION

[0016] Reference willnowbe made in detail to example
embodiments, examples of which are illustrated in the
accompanying drawings. The detailed description pro-
vided below in connection with the appended drawings
is intended as a description of the present examples and
is not intended to represent the only forms in which the
present example may be constructed or utilized. The de-
scription sets forth the functions of the example and the
sequence of steps for constructing and operating the ex-
ample. However, the same or equivalent functions and
sequences may be accomplished by different examples.
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[0017] To improve safety and efficiency of traffic man-
agement for autonomous, semi-autonomous, and non-
autonomous vehicles, a centralized traffic management
approach may be applied to control and/or monitor a plu-
rality of vehicles. In such a system, decisions may be
made based on information received from multiple data
sources, including the vehicles, and therefore verification
of received information may be desired in order to avoid
making navigation decision based on unreliable informa-
tion.

[0018] According to an example embodiment, a server
may receive information associated with at least one ob-
ject detected by a vehicle. Furthermore, the server may
receive an indication of a location of the vehicle. The
server may obtain verification information associated
with the object or the vehicle from other data source(s)
and determine a detection capability indicator for the ve-
hicle based on the received object and/or location infor-
mation and the verification information. The server may
provide an indication of the detection capability indicator
to a client associated with the vehicle or control naviga-
tion of the vehicle. Navigation control data may be deter-
mined based on at least the detection capability indicator
at the server or the client to enable safe traffic control
taking into account different and dynamically varying de-
tection capabilities of vehicles.

[0019] FIG. 1illustrates an example of a maritime nav-
igation control system 100, according to an example em-
bodiment. Even though examples have been described
using maritime navigation as an example, it is appreci-
ated that example embodiments may be applied also to
other navigation systems, for example ground traffic nav-
igation systems, involving for example a plurality of con-
nected cars, air traffic navigation systems, space traffic
navigation systems, or the like.

[0020] The maritime navigation control system 100
may comprise at least one vessel 110. The vessel 110
may comprise a DCV (detection capability verification)
client 112 and at least one detection model 114. The
vessel 110 may further comprise sensor(s) for detecting
location of the vessel 110, other vessels 116 or objects
118, environmental conditions, or the like. Vessels 110,
116 are provided as examples of vehicles. The DCV client
112 and the detection model 114 may be provided as
separate devices and/or software modules at the vessel
110. However, itis also possible that DCV client 112 and
the detection model 114 are integrated within a single
device and/or software module. The DCV client 112
and/or the detection model 114 may be for example in-
tegrated within a control system of the vessel 110. Alter-
natively, the DCV client 112 and/or the detection model
114 may be embodied separate from the vessel 110, for
example as application software on a device, such as for
example a mobile phone, a tablet, a laptop, a radar mod-
ule, or the like.

[0021] The DCV client 112 may provide a user inter-
face to enable a user 111, for example a captain of the
vessel 110, to interact with the DCV client 112. For ex-
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ample, a captain of the vessel 110 may provide his/her
estimation of an object to the DCV client 112 via the user
interface. The DCV client 112 may be configured to com-
municate with a DCV server 130 to exchange information
about the detected objects, environmental conditions, or
the like. The DCV server 130 may provide the DCV client
112 with corrected and/or additional information about
the detected object. Communication between the DCV
client 112 and the DCV server 130 may be implemented
in any suitable manner, for example over a satellite or
radio link.

[0022] The DCV server 130 may comprise one or more
communication interfaces for receiving data from a plu-
rality of data sources. The data sources may comprise
the vessel 110, the one or more other vessels 116, one
or more sensor stations 120, or one or more other data
sources 140. The plurality of vessels 110, 116 may com-
prise vessel(s) registered to the DCV server 130 or ves-
sel(s) not registered to the DCV server 130. The DCV
server 130 may receive information from the vessels 110,
116 over a radio link, for example over a VHF (very high
frequency) channel. The information may be transmitted
by the vessels 110, 111 for example based on the auto-
matic identification system (AIS).

[0023] The one or more sensor stations 120 may com-
prise any suitable type of sensors for acquiring informa-
tion about vessels 110, 116 or other object(s) 118 within
the range of the sensor stations 120. For example, the
sensor stations 120 may comprise camera(s), micro-
phone(s), onshore or offshore radar(s), lidar(s), or the
like. The camera(s) may comprise visible light camera(s),
infrared camera(s), or in general wide-spectrum cam-
era(s) capable of capturing electromagnetic radiation be-
yond the wavelength range of visible light. The sensor
stations 120 may be provided at fixed locations at a suf-
ficient distance from expected routes of the vessels 110,
116. Sensor stations 120 may be also mobile, for exam-
ple, any of the different type of sensors may be provided
on a drone. The sensor stations 120 may provide data
to the DCV server 130 over any suitable communication
interface, for example a wired interface, a wireless local
area network connection such as for example Wi-Fi, or
over an internet connection provided for example by a
cellular radio access network (RAN) node 124, which
may provide cellular data services for example in accord-
ance with the 4G LTE standard specified by the 374 Gen-
eration Partnership Project (3GPP). The DCV server 130
may be implemented as a cloud service.

[0024] The maritime navigation control system 100
may further comprise at least one satellite 122, which
may be for example configured to receive AIS data from
the vessels 110, 116 and provide the AIS data to an AIS
server. The AIS data may comprise a maritime mobile
service identity (MMSI) of a vessel 110, 116, a navigation
status (e.g. at anchor, cruising with/without engine etc.),
speed and/or course over ground, heading, vessel type,
vessel dimensions, draught, or the like. The satellite 122
may also operate as one sensor station. For example,
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images captured by satellite may be provided to the DCV
server 130.

[0025] The maritime navigation control system 100
may further comprise other data sources 140. For exam-
ple, an AIS receiver or server may operate as another
data source by providing AlS information of the vessels
110, 116 to the DCV server 130. Other data sources 140
may also include external sources of traffic data, such
as for example a vessel traffic service (VTS). Information
received from the vessels 110, 116 or the other data
sources 140 may be used as verification information for
verifyinginformation locally detected at vessel 110 and/or
to estimate detection capabilities of the vessel 110.
Based on the estimated detection capabilities, the DCV
server 130 may update navigation control parameters of
the vessel 110. The same approach may be applied also
to the other vessels 116.

[0026] The DCV server 130 may be autonomous or it
may be operated or supervised by a user 131. For ex-
ample, user 131 may be enabled to monitor and/or modify
the navigation control parameters determined by the
DCV server 130. For example, a user may be requested
to accept navigation control data determined or updated
by the DCV server 130 before transmission to the vessels
110, 116.

[0027] FIG. 2illustrates an example embodiment of an
apparatus 200 configured to practice one or more exam-
ple embodiments. The apparatus 200 may comprise for
example a computing device such as for example a serv-
er device, a client device, a mobile phone, a tablet com-
puter, a laptop, a sensor station 120 or the like. In one
example, apparatus 200 may comprise a vehicle, such
as for example the vessel 110, or a device integrated to
or associated with a vehicle. Although apparatus 200 is
illustrated as a single device it is appreciated that, wher-
ever applicable, functions of apparatus 200 may be dis-
tributed to a plurality of devices.

[0028] The apparatus 200 may comprise at least one
processor 202. The atleast one processor may comprise,
for example, one or more of various processing devices,
such as for example a co-processor, a microprocessor,
a controller, a digital signal processor (DSP), a process-
ing circuitry with or without an accompanying DSP, or
various other processing devices including integrated cir-
cuits such as, for example, an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA), a microcontroller unit (MCU), a hardware accel-
erator, a special-purpose computer chip, or the like.
[0029] The apparatus may further comprise at least
one memory 204. The memory may be configured to
store, for example, computer program code or the like,
for example operating system software and application
software. The memory may comprise one or more volatile
memory devices, one or more non-volatile memory de-
vices, and/or a combination thereof. For example, the
memory may be embodied as magnetic storage devices
(such as hard disk drives, floppy disks, magnetic tapes,
etc.), optical magnetic storage devices, or semiconductor
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memories (such as mask ROM, PROM (programmable
ROM), EPROM (erasable PROM), flash ROM, RAM (ran-
dom access memory), etc.).

[0030] Apparatus 200 may further comprise commu-
nication interface 208 configured to enable the apparatus
200 to transmit and/or receive information, to/from other
apparatuses. The communication interface 208 may be
configured to provide at least one wireless radio connec-
tion, such as for example a 3GPP mobile broadband con-
nection (e.g. 3G, 4G, 5G). However, the communication
interface may be configured to provide one or more other
type of connections, for example a wireless local area
network (WLAN) connection such as for example stand-
ardized by IEEE 802.11 series or Wi-Fi alliance; a short
range wireless network connection such as for example
a Bluetooth, NFC (near-field communication), or RFID
connection; a wired connection such as for example a
local area network (LAN) connection, a universal serial
bus (USB) connection or an optical network connection,
or the like; or a wired Internet connection. Communica-
tion interface 208 may comprise, or be configured to be
coupled to, at least one antenna to transmit and/or re-
ceive radio frequency signals. One or more of the various
types of connections may be also implemented as sep-
arate communication interfaces, which may be coupled
or configured to be coupled to a plurality of antennas.
The communication interface may also comprise an in-
ternal communication interface within a system, such as
for example a data bus, for example within a navigation
control module of the vessel 110.

[0031] The apparatus 200 may further comprise a user
interface 210 comprising an input device and/or an output
device. The input device may take various forms such a
keyboard, a touch screen, or one or more embedded
control buttons. The output device may for example com-
prise a display, a speaker, a vibration motor, or the like.
[0032] When the apparatus 200 is configured to imple-
ment some functionality, some component and/or com-
ponents of the apparatus, such as for example the at
least one processor and/or the memory, may be config-
ured to implement this functionality. Furthermore, when
the at least one processor is configured to implement
some functionality, this functionality may be implemented
using program code 206 comprised, for example, in the
memory 204.

[0033] The functionality described herein may be per-
formed, atleastin part, by one or more computer program
product components such as software components. Ac-
cording to an embodiment, the apparatus comprises a
processor or processor circuitry, such as for example a
microcontroller, configured by the program code when
executed to execute the embodiments of the operations
and functionality described. Alternatively, or in addition,
the functionality described herein can be performed, at
leastin part, by one or more hardware logic components.
For example, and without limitation, illustrative types of
hardware logic components that can be used include
Field-programmable Gate Arrays (FPGAs), application-
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specific Integrated Circuits (ASICs), application-specific
Standard Products (ASSPs), System-on-a-chip systems
(SOCs), Complex Programmable Logic Devices
(CPLDs), Graphics Processing Units (GPUs).

[0034] The apparatus comprises means for performing
at least one method described herein. In one example,
the means comprises the at least one processor, the at
least one memory including program code configured to,
when executed by the at least one processor, cause the
apparatus to perform the method.

[0035] FIG. 3 illustrates an example of improving reli-
ability of local detection by satellite and shore-side de-
tections, according to an example embodiment. The ves-
sel 110 may be navigating in an area 310 comprising
also another vessel 116. The vessel 110 may be
equipped with sensors for performing local detections,
for example a GNSS receiver to determine location of
the vessel 110 based on a signals received from GNSS
satellites 320, a radar and a camera to detect the other
vessel 116, or the like. In a first phase, a probability for
detecting the other vessel 116 with sufficient accuracy,
for example with respect to location, direction, size, or
type of the other vessel 116 may be 50 %. However, the
vessel 110 may comprise a DCV client 112, which may
communicate with a DVC cloud 330, for example by
open-sea connectivity via a satellite 322 or short-sea con-
nectivity via an access point or a base station 324. Open-
sea, or alternatively deep sea, may refer to a region be-
yond a range of shore-side communication stations. It is
however understood that satellite communication may
be applied also within the range of short-sea connectivity.
[0036] Sensor station 326 may perform shore-side de-
tections in the area 310 and communicate information of
detected objects to the DCV cloud 330. In this example,
the probability of detecting the other vessel 116 with suf-
ficientaccuracy by shore-side detectionis 50 %. Satellite
328 operating as another sensor station may perform
satellite detections in the area 310, for example by a cam-
era, and communicate information of detected objects to
the DCV cloud 330. In this example, the probability of
detecting the other vessel 116 with sufficient accuracy
by satellite detection is 20 %. The DCV client 112 may
receive the locally detected information from the sensor
(s) of the vessel 110 and deliver the locally detected in-
formation to the DVC cloud 330, for example over open-
sea connectivity or short-sea connectivity. Since infor-
mation about the other vessel 116 may be received from
multiple sources, for example the local detections, the
shore-side detections, and satellite detections, the prob-
ability of detecting the other vessel 116 with sufficient
accuracy is higher than each individual probability. For
example, using the multiple information sources, the
probability of detecting the other vessel 116 with suffi-
cient accuracy may be 90 %. The different detections
may be also fused at the DCV cloud 330 to improve ac-
curacy of the detections. At a second phase, the DCV
cloud 330 may communicate the received or fused infor-
mation to the DCV client 112 and thereby the probability
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of sufficient detection, when relying on the multiple avail-
able detections, is increased to 90 % also at vessel 110.
Accuracy of detecting location of the vessel 110 by
GNSS, or other positioning system, may be improved in
a similar fashion.

[0037] For example, if vessel 110 detects a reflection
from only a bow of the other vessel 116, the detection
model 114 may underestimate a size of the vessel 110.
However, the based on the other detections the DCV
cloud 330 may already be aware of the size, heading,
and/or speed of the other vessel 116 with a high confi-
dence level. This information may be communicated to
the vessel 110 to compensate for the limited local detec-
tion capability. Hence, the DCV client 112 is enabled to
verify and/or improve its understanding of the current sit-
uation.

[0038] FIG. 4 illustrates an example of a neural net-
work, according to an example embodiment. A neural
network may comprise a computation graph with a plu-
rality of layers. For example, neural network 400 may
comprise an input layer, one or more hidden layers, and
an output layer. Nodes of the input layer, i; to i, may be
connected to one or more of the m nodes of the first
hidden layer, ny4 to ny,,. Nodes of the first hidden layer
may be connected to one or more of the k nodes of the
second hidden layer, nyq to ny. It is appreciated that
even though the example neural network 400 illustrates
two hidden layers, a neural network may apply any
number and any type of hidden layers. Neural network
400 may further comprise an output layer. Nodes of the
last hidden layer, in the example of FIG. 4 the nodes of
the second hidden layer, may be connected to one or
more nodes of the output layer, o4 to oj- It is noted that
the number of nodes may be different for each layer of
the network. A node may be also referred to as a neuron,
a computation unit, or an elementary computation unit.

[0039] FIG. 5illustrates an example of an elementary
computation unit, according to an example embodiment.
The elementary computation unit may comprise a node
501, which may be configured to receive one or more
inputs, a, to a,,, from one or more nodes of one or more
previous layers and compute an output based on the in-
putvaluesreceived. The node 501 may alsoreceive feed-
back from one or more nodes of one or more subsequent
layers. Inputs may be associated with parameters to ad-
just the influence of a particular input to the output. For
example weights w, to w,, associated with the inputs a,
to a, may be used to multiply the input values a, to a,,.
The node 501 may be further configured combine the
inputs to an output, or an activation. For example, the
node 501 may be configured to sum the modified input
values. A bias or offset b may be also applied to add a
constant to the combination of modified inputs. Weights
and biases may be learnable parameters. For example,
when the neural network is trained for a particular task,
the values of the weights and biases associated with dif-
ferent inputs and different nodes may be updated such
that an error associated with performing the task is re-

10

15

20

25

30

35

40

45

50

55

duced to an acceptable level. Furthermore, an activation
function f() may be applied to control when and how the
node 501 provides the output. The output may be pro-
vided to nodes of one or more following layers of the
network, and/or to one or more nodes of one or more
previous layers of the network.

[0040] A neural network may be characterized by the
structure of the network and/or values of the weights. A
neural network may be therefore adapted to different en-
vironments, or domains, by modifying the weights. For
example, the detection model 114 deployed at the vessel
110 may be updated to meet local requirements by up-
dating atleast a subset of the weights. The local detection
model may have been trained with local training data and
therefore it may provide better detection capability at a
particular local region.

[0041] FIG. 6 illustrates an example of an artificial in-
telligence based detection model, according to an exam-
ple embodiment. In this example, the detection model
600 comprises a convolutional image classification net-
work. A convolutional layer may perform convolutional
operations to extract information from input data, for ex-
ample an image 602, to form a plurality of feature maps
606. A feature map may be generated by applying a filter
or a kernel to a subset of input data, for example block
604 in image 602, and sliding the filter through the input
data to obtain a value for each element of the feature
map. The filter may comprise a matrix or a tensor, which
may be for example multiplied with the input data to ex-
tract features corresponding to that filter. A plurality of
feature maps may be generated based on applying a
plurality of filters. A further convolutional layer may take
as input the feature maps from a previous layer and apply
the same filtering principle on the feature maps 606 to
generate another set of feature maps 608. Weights of
the filters may be adapted to different domains, similar
to parameters of neural network 400. Similar to node 501,
an activation function may be applied to the output of the
filter(s). The convolutional neural network may further
comprise one or more other type of layers such as for
example fully connected layers 610 after and/or between
the convolutional layers. An output may be provided by
an output layer 612, which in this example comprises a
classification layer. Outputs of the detection model 600
may comprise a probability distribution, for example a
vector 614, where each element of the vector 614 may
indicate a probability of the input image belonging to a
particular class, such as for example the classes of cargo
ships, yachts, canoes, or the like.

[0042] Even though the above example illustrates a
detection model 600 for detecting a type of an object, it
is understood that various artificial intelligence and/or al-
gorithm based detection models may be deployed at ves-
sel 110 for different detection purposes. The detection
model(s) 114 may operate on different types of sensor
data, for example image data, video data, radar data,
lidar data, sonar data, or the like, and be configured for
various tasks such as for example, detecting an object,
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a size of the object, a distance to the object, a location
of the object, a classification or a type of the object, a
speed and/or a heading of the object, or the like. The
detection model(s) 114 may be purely deterministic or
comprise deterministic algorithms in addition to artificial
intelligence. For example, objects and/or their properties
may be determined based on technologies such as com-
puter vision, pattern recognition, sensor signal process-
ing, or the like.

[0043] FIG. 7 illustrates an example of a sequence di-
agram for determining a detection capability indicator for
a vessel, according to an example embodiment.

[0044] At 701, the DCV client 112 may register at the
DCV server 130. The DCV client 112 may for example
transmit a DCV registration request to the DCV server
130. The DCV registration request may comprise infor-
mation identifying the DCV client 112 and/or the vessel
110. Furthermore, the DCV registration request may
comprise information of the vessel 110 or environmental
context information of the vessel 110. For example, the
registration request may comprise an identity of the ves-
sel 110, an indication of sensor(s) available at the vessel
110 and/or types of the sensor(s), an indication of detec-
tion model(s) 114 and/or type(s) of detection model(s)
114 available at the vessel 110. Furthermore, the regis-
tration request may comprise environmental context in-
formation such as for example a characterization of cur-
rent weather conditions, visibility, illuminance, wind
speed, wave height, time of day, or the like. The regis-
tration request may be transmitted as one or more mes-
sages. Alternatively, similar information may be provided
in other control message(s) during or after the DCV reg-
istration 701.

[0045] The DCV server 130 may register the DCV cli-
ent 112 and/or the vessel 110, for example in response
to receiving the DCV registration request. The DCV serv-
er 130 may respond with a DCV registration response to
confirm the registration to DCV client 112. The DCV serv-
er 130 may further store the received information asso-
ciated with the vessel 110 and/or the environmental con-
text information. The environmental context information
may be associated with a time stamp, for example the
time of receiving the environmental context information
from the DCV client 112.

[0046] At702,the DCV server 130 may transmit a ver-
ification dataset to the DCV client 112. The DCV client
112 may receive the verification dataset from the DCV
server 130. The verification dataset may comprise at
least one object. The object may be provided as a virtual
test object to evaluate detection capability of the detec-
tion model 114. The verification dataset may for example
comprise emulated or simulated sensor data for at least
one sensor of the vessel 110, for example a camera, a
lidar, a radar, a sonar, or the like. The verification dataset
may comprise virtual computer generated content or real
content captured or recorded in advance, for example by
sensor(s) of other vessels 116. The verification data may
also comprise a combination of real and virtual content,
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for example one or more virtual test objects embedded
within the real content.

[0047] The verification dataset may be associated with
particular environmental conditions, for example to test
detection capability of the vessel 110 in the particular
conditions. The verification dataset may further comprise
one or more ground-truth labels for the at least one object
included in the verification dataset, for example to enable
the DCV client 112 to estimate detection capability of the
vessel 110 or to retrain or fine-tune the detection model
114 locally at the vessel 110. If the vessel 110 comprises
a plurality of detection models, a respective plurality of
verification datasets may be transmitted to the DVC client
112. However, itis also possible that at least some of the
multiple detection models 114 may exploit same verifi-
cation dataset. For example, detection models 114 con-
figured to detect speed and type of an object may use
same video data as the verification dataset. The DCV
server 130 may select the verification dataset(s) based
on the indication of the sensor(s) and/or detection mod-
el(s) 114 received from the DCV client 112, for example
as part of the DCV registration 701. The DCV server 130
may further request the DCV client 112 to execute the
detection model(s) 114 based on the verification data-
set(s). It is noted that instead of a verification dataset, a
verification may be based on known real objects in prox-
imity of the vessel 110 and therefore provision of the ver-
ification dataset(s) may be optional. The verification may
be based on fixed objects with known locations, but also
based on dynamic objects reported to the DCV server
130 by a plurality of vessels 110, 116 or other data sourc-
es 140 with sufficient confidence level such that the dy-
namic objects can be used as reference objects for ver-
ification purposes.

[0048] Therefore, instead of providing the verification
dataset, the DCV server 130 may request the DCV client
112 to execute the detection model 114 based on real
sensor data. The request may for example indicate a
location and/or a sensing direction for performing the de-
tections. If there are multiple detection models 114, the
DCV server 130 may indicate a plurality of locations
and/or sensing directions associated with respective
sensors and/or detection models 114. The locations may
be near known real objects, for example sea marks or
landmarks, and considered as reference locations for de-
tecting the real objects.

[0049] At 703, the DCV client 112 may provide input
data, for example the received verification data or real
sensor data, to the detection model 114.

[0050] At 704, the detection model 114 may be exe-
cuted to detect at least one object. Furthermore, the de-
tection model 114 may determine information associated
with the object(s) detected in the input data, for example
information associated with location, heading, speed, ve-
locity, size, or classification of the object(s), as described
above. The object(s) may for example comprise another
vessel 116, a sea mark, and/or a landmark.

[0051] At 705, the detection model 114 may provide
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an output comprising the determined information asso-
ciated with the detected object(s) to the DCV client 112.
[0052] At 706, the DCV client 112 may detect or re-
trieve location of the vessel 110. The DCV client 112 may
receive the location data from a positioning system of the
vessel 110, for example a GNSS receiver. Alternatively,
the DCV client 112 may detect the location itself. For
example, if the DCV client 112 is embodied as an appli-
cation downloadable to a mobile phone or other suitable
apparatus, the DCV client 112 may be configured to re-
quest the location from a positioning system embedded
in the mobile phone. However, any suitable means for
determining location of the vessel 110, or an apparatus
associated therewith, may be used.

[0053] At 707, the object information and/or the loca-
tion information of the vessel 110 may be provided to the
DCV server 130. For example, the DCV client 112 may
transmit the information associated with the at least one
object or the location of the vessel 110 to the DCV server
130. The DCV server 130 may receive, from the DCV
client 112, the information associated with the at least
one object detected by the vessel 110 and/or location of
the vessel 110. The DCV client 112 may further transmit,
andthe DCV server 130 may receive, environmental con-
text information associated with detection of the at least
one object. For example, the DCV client 112 may indicate
weather conditions, time of day, illuminance, visibility, or
other environmental context information associated with
capture of the sensor data that was input to the detection
model 114. In general, the environmental context infor-
mation may comprise any information that is relevant for
reliability of any detection.

[0054] At 708, the DCV server 130 may receive verifi-
cation information from at least one sensor station 120.
The verification information may comprise information
associated with the at least one object, which is similar
to the information provided by the DVC client 112, but
which has been detected by the at least one sensor sta-
tion 120.

[0055] At 709, the DCV server 130 may receive verifi-
cation information from at least one other data source
140, such as for example an AIS server or a vessel traffic
system (VTS). The verification information may comprise
information associated with the at least one object, which
is similar to the information provided by the DVC client
112, but which has been detected or gathered by the at
least one data source 140.

[0056] In general, the DCV server 130 may obtain ver-
ification information associated with the at least one ob-
ject, forexample the vessels 110, 116 or the other object
118, from at least one data source. The at least one data
source may comprise at least one other vessel 116, at
least one sensor station 120, a vessel traffic system, or
the like. A vessel traffic system may be an external traffic
management function, which may maintain situational
traffic information and control navigation of vessels 110,
116 within a region. Alternatively, or additionally, the ver-
ification information may be retrieved from a local data
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source, for example a memory of the DCV server 130,
for example if the verification information comprises the
verification dataset.

[0057] At 710, the DCV server 130 may determine a
detection capability indicator for the vessel 110 based on
the information associated with the at least one object or
the location of the vessel 110 and the verification infor-
mation. The DCV server 130 may for example compare
the information associated with the object(s) received
from the vessel 110 and the sensor stations 120 or other
data sources 140. Alternatively, or additionally, the DCV
server 130 may compare the location of the vessel 110
received from the vessel 110 and location (s) ofthe vessel
110 received from the sensor stations 120 or the other
data sources 140. The DCV server 130 may for example
calculate an average, or a weighted average, of the lo-
cations of the vessel 110 and determine a detection ca-
pability indicator for the vessel 110 based on a distance
to the average location. According to another example,
the DCV server 130 may determine, for example based
on majority voting, which detections are correct. The de-
tection capability may be then determined for example
as a ratio between correctly detected objects by the ves-
sel 110 and the number of detected objects or a number
of objects that the vessel 110 should have detected. The
detection capability indicator may comprise an index val-
ue, ranging for example from 1 to 100, where value 100
may indicate the highest detection capability.

[0058] According toanexample embodiment, the DCV
server 130 may determine the detection capability indi-
cator for the vessel 110 based on the environmental con-
text information. For example, if the information of the at
least one object received from the DCV client 112 at 707
is associated with poor visibility, the DCV server 130 may
take this condition into account when determining the
detection capability indicator and give a higher detection
capability to the vessel 110 than to another vessel that
provides the same detection results in good visibility. This
enables a detection capability indicator of the vessel 110
to be determined without extensive influence of external
factors such as for example weather conditions or time
of day. The detection capability indicator may be for ex-
ample scaled based on the currentenvironmental context
information with respect to historical data of object infor-
mation detected in different environmental conditions.
[0059] According toanexample embodiment, the DCV
server 130 may associate the detection capability indi-
cator with the environmental context information. For ex-
ample, instead of scaling the detection capability indica-
tor based on current environmental conditions, the DCV
server 130 may determine the detection capability indi-
cator without taking into account the environmental con-
text information received from the DCV client 112. How-
ever, the resulting detection capability indicator may be
associated, for example in the memory of DCV server
130, with the environmental context information. This
way the DCV server 130 may obtain information of de-
tection capabilities of each vessel 110, 116 in different
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environmental conditions. For example, the DCV server
130 may determine afirst value of the detection capability
indicator for vessel 110 for detections at night time and
a second value of the detection capability indicator for
detections at day time. Therefore, a currently applicable
detection capability indicator of the vessel 110 may be
dependent on various environmental conditions.

[0060] The DCV server 130 may store the detection
capability indicator(s). The DCV server 130 may for ex-
ample store a detection capability history for one or more
vessels 110, 116, or sensor(s) of the vessels 110, 116.
The stored detection capability history may be used to
detect a trend of detection capability. For example, if a
detection capability indicator decreases for a predeter-
mined number of times and/or a predetermined amount,
the DCV server 130 may transmit the DCV client a noti-
fication of decreased or decreasing detection capability.
The DCV client 112 may be for example provided with a
warning if the determined detection capability indicator
has decreased from a previous determination. Alterna-
tively, or additionally, the DCV server 130 may send de-
termined detection capabilities to DCV client 112, which
may store the detection capability history and/or deter-
mine a trend of detection capability similar to the DCV
server 130. The DCV client 112 may further provide a
notification to user 111, for example the captain of the
vessel 110, about the decreased or decreasing detection
capability.

[0061] The verification dataset provided by the DCV
server 130 may be also associated with environmental
context information. For example, the emulated sensor
data included in the verification dataset may simulate or
be captured in particular environmental conditions such
as for example at a foggy or rainy night. Therefore, the
DCYV server 130 may associate a detection capability in-
dicator determined based on objects detected in the ver-
ification dataset, by the detection model 114, with the
environmental context information of the verification da-
taset. According to an example embodiment, the DCV
server 130 may request the DCV client 112 to execute
the detection model 114 for a plurality of verification da-
tasets corresponding to different environmental condi-
tions. As a result, the DCV server 130 may obtain a plu-
rality of detection capability indicators associated with
different environmental context information.

[0062] According to an example embodiment, the de-
tection capability indicator may be associated with at
least one sensor of the vessel 110. This enables the DCV
server 130 and/or the DCV client 112 to estimate per-
formance of different sensors of the vessel 110, for ex-
ample to detect potential malfunctions. The DCV server
130 may for example request the DCV client 112 to ex-
ecute the detection model 114 based on input data of a
particular sensor(s). When reporting the detected infor-
mation at 707, the DCV client 112 may indicate which
sensor(s) were used to obtain input data for the detection
model 114. The DCV server 130 may then associate the
subsequently determined detection capability indicator
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with indication(s) of the relevant sensor(s). The DCV
server 130 may use this information for example to mon-
itor capabilities of different sensors over time and notify
DCYV client 112 of deterioration of detection capability, or
potential contamination or malfunction of different sen-
sors. Therefore, according to an example embodiment,
the DCV server 130 may transmit a notification of a de-
graded performance of at least one sensor to the DCV
client 112.

[0063] The DCV server 130 may further determine
whether a value of the detection capability indicator is
sufficient. For example, a vessel 110 may be required to
recognize objects in the local environment, or local ob-
jects such as for example sea marks, with a sufficient
reliability. In some situations, if the vessel 110 does not
have sufficient detection capability, the detection capa-
bility may be improved or navigation of the vessel 110
may be restricted in order to enable safe traffic control.
The DCV server 130 may determine or be configured
with threshold(s) for the detection capability. Different
thresholds may be determined or configured for different
environmental conditions, traffic situations, regions, or
the like. For example, if it's a sunny day, a lower visual
detection capability may be considered sufficient. If there
are only a few vessels in the same region, a lower radar
detection capability may be considered sufficient. If the
vessel 110 is located at a difficult navigation route, higher
detection capabilities may be required.

[0064] At 711, the DCV server 130 may transmit the
detection capability indicator to the DCV client 112. This
enables the DCV client 112 to be informed about the
detection capability of the vessel 110, or at least one
sensor of the vessel 110. The DCV client 112 may receive
the detection capability indicator. Alternatively, the DCV
client 112 may determine the detection capability infor-
mation itself, as will be further described below.

[0065] According to an example embodiment, the de-
tection capability indicator may be used to determine a
confidence level for one or more subsequent detections.
For example, if a detection capability indicator for a po-
sitioning system of the vessel 110 is low, this may be
indicated as a low confidence level when reporting the
location of the vessel 110 to the DCV server 130. Simi-
larly, a confidence level may be associated with the object
information reported to the DVC server, for example at
716. The DCV server 130 may use confidence levels
associated with different detections, for example when
processing the verification information. For example, de-
tections with low confidence level may be discarded or
a low weight may be given to detections with low confi-
dence level. A low confidence level may be also taken
into account for one or more dependent detections. For
example, if a location of the vessel 110 is associated with
a low confidence level, the confidence level of detecting
location of another vessel 116 may be scaled down, even
if in principle the detection capability of the relevant sen-
sor, for example a radar, would be high. Therefore, ac-
cording to an example embodiment, the navigation con-
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trol data may be determined based on at least one con-
fidence level associated with the information of the at
least one object detected by the vessel 110, the location
of the vessel 110, and/or the verification information.
[0066] At712,the DCV server 130 may transmit model
update information to the DCV client 112. The model up-
date information may comprise a local detection model.
As discussed above, the local detection model may com-
prise a detection model thathas been designed or trained
for use at the current region of the vessel 110. Providing
a new local detection model enables to significantly im-
prove detection capability of the vessel 110. Alternatively,
the DCV server 130 may transmit an update to the de-
tection model 114 of the vessel 110 or calibration data
for the detection model 114 of the vessel 110. An update
of the detection model 114 may comprise new values for
at least a subset of weights, or other parameters, of the
detection model 114. This enables to adapt the detection
model 114 to the local environment while preserving
structure of the detection model 114, thereby enabling a
smooth integration of the updated model to the control
system of the vessel 110. Alternatively, the update infor-
mation may comprise calibration data for the detection
model 114. Detections performed by the vessel 110, or
particular sensor(s) of the vessel 110, may exhibit a sys-
tematic error, such as for example an offset in a location
of a detected object, for example due to disruption of
positioning signals. The calibration data may therefore
comprise data to adjust outputs of the sensor(s) and/or
the detection model, for example to eliminate or reduce
the systematic error. Transmission of the local detection
model, the update, or the calibration data may be in re-
sponse to determining that the value of the detection ca-
pability indicator is not sufficient.

[0067] According to an example embodiment, the de-
tection model 114 of the vessel 110 may be updated at
the DCV server 130. The DCV client 112 may transmit
its detection model 114 to the DCV server 130. The DCV
server may update the detection model 114 received
from the DCV client 112 and provide an updated detec-
tion model to the DCV client 112 at 712. For example,
the DCV server 130 may retrain or fine-tune the detection
model 114 of the vessel 110 based on training data that
is representative of the local conditions or local domain.
[0068] At 713, the DCV client 112 may update or re-
place the detection model 114 based on the model up-
date information received from DCV server 130.

[0069] At 714, the updated detection model may be
executed to detect objects, similar to 704.

[0070] At 715, the updated detection model 114 may
provide information of the detected objects to the DCV
client 112, similar to 705.

[0071] At 716, the DCV client 112 may transmit the
object information output by the updated detection mod-
el, location information of the vessel 110, and/or other
information to the DCV server 130, similar to 707.
[0072] Accordingtoanexample embodiment,the DCV
client 112 may update the detection model 114 based on
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the verification dataset provided at 702. The DCV client
112 may for example use the ground-truth labels asso-
ciated with objects of the verification dataset to retrain or
fine-tune the detection model 114. This enables the de-
tection capability of the vessel 110 to be improved locally
at the vessel 110. Transmission of the model update in-
formation at 712 may be therefore optional. The DCV
client 112 may transmit the determined detection capa-
bility indicator to the DCV server 130.

[0073] At 717, the DCV server 130 may determine a
detection capability indicator based on the received ob-
jectinformation and the verification information, for which
an update may be also received from the at least one
sensor station 120 and/or the at least one other data
source 140. Operations 712 to 717 describe updating the
detection model 114 and verifying detection capability of
the updated detection model. It is however noted that
updating the detection model 114 is optional and other
measures may be applied to ensure safe traffic manage-
ment. For example, navigation of the vessel 110 may be
restricted instead of updating of the detection model 114.
This approach may be applied for example if the vessel
110 does not have sufficient resources, for example
memory resources or computational power, to execute
the updated model, or if the vessel 110 is otherwise in-
compatible with the updated model.

[0074] At718,the DCV server 130 may determine nav-
igation control data for the vessel 110 based on the de-
tection capability indicator and/or a current environmen-
tal context of the vessel 110. The DCV server 130 may
further transmit the navigation control data to the DCV
client 112. The navigation control data may comprise
navigation instructions or restrictions for the vessel 110.
For example, the navigation control data may comprise
at least one of: a restriction or a permission to enter a
region, a restriction or a permission to perform automatic
docking to a harbor, a requirement for piloting or remote
piloting, a maximum allowed speed, a request or a com-
mand to enter a safe navigation mode, a request or a
command to transmit an indication of low detection ca-
pability, or a request or a command to provide a visual
indication of the low detection capability. Transmitting,
for example broadcasting, or providing a visual indication
of the low detection capability may be used to inform
other vessel(s) 116 about the low detection capability. A
safe navigation mode may refer to set of predetermined
navigation parameters, for example a limp state, which
enables the vessel 110 to be safely routed for example
to a closest harbor. The navigation control data may fur-
thercomprise anindication of an allowed navigation route
and/or parameters of the allowed navigation route. The
DCYV client 112 may receive the navigation control data
from the DCV server 130.

[0075] The DCV server 130 may take into account the
current environmental context of the vessel 110 when
determining the navigation control data. As discussed
above, a plurality of detection capability indicators cor-
responding to different environmental conditions may be
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determined for the vessel 110. When determining the
navigation control data, the DCV server 130 may use the
detection capability that is associated with current envi-
ronmental context information of the vessel 110, for ex-
ample currentvisibility or intensity of rainfall. This enables
the DCV server 130 to optimize traffic management with
respect to efficiency and safety in different environmental
conditions.

[0076] According to an example embodiment, deter-
mining the navigation control data for the vessel 110 may
be further based on detection capability indicators deter-
mined for one or more other vessels 116. For example,
even if detection capability of the vessel 110 is sufficient,
navigation of the vessel 110 may be more strictly con-
trolled if there are other vessels 116 around that do not
have sufficient detection capabilities.

[0077] At 719, the DCV server 130 may transmit the
navigation control data to the DCV client 112. The DCV
server 130 may further transmit an indication of environ-
mental conditions applicable for the navigation control
data. According to an example embodiment, the DCV
server 130 may transmit multiple instances of the navi-
gation control data, where each instance of the naviga-
tion control data may correspond to differentenvironmen-
tal conditions.

[0078] Accordingtoanexample embodiment,the DCV
client 112 may determine the detection capability indica-
tor, for example based on the ground-truth labels or other
verification information associated with the detected ob-
jects. The DCV client 112 may further determine the nav-
igation control data for the vessel 110, similar to 718.
This enables local verification of detection capabilities at
the vessel 110. The DCV client 112 may store the deter-
mined detection capability indicator or a detection capa-
bility history. The DCV client 112 may further use the
determined detection capability history for determining a
trend of detection capability and/or notifying a user 111
or the DCV server 130 about a change or the trend in the
detection capability, as described above.

[0079] At720,the DCV client 112 may control naviga-
tion of the vessel 110 according to the navigation control
data. Alternatively, the DCV client 112 may provide the
navigation control data to a navigation system of the ves-
sel 110. The navigation system may comprise an auton-
omous or a semi-autonomous navigation system such
as for example an automatic steering control (ASC) sys-
tem. The automatic steering control system may com-
prise an autopilot or other means to automatically control
navigation of the vessel 110. The automatic steering con-
trol system may be configured to control speed and di-
rection of the vessel 110 and have access to various
vessel sub-systems such as for example steering or mo-
tor control.

[0080] Incase of a manual or a semi-autonomous nav-
igation system, the navigation control data may be dis-
played to user 111, for example the captain of the vessel
110, in order to enable the user 111 to monitor the auto-
matic navigation or to manually navigate the vessel 110
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according to the navigation control data. Alternatively, or
additionally, for example in case of a semi-autonomous
or autonomous vessel, the navigation system may con-
figure or reconfigure its automatic steering control system
based on the received navigation control data.

[0081] TheDCV client 112 may determine the instance
of navigation control data to be applied based on the
current environmental context of the vessel 110. For ex-
ample, in case of high illuminance the DCV client 112
may determine to use an instance of navigation control
data associated with high illuminance. This enables the
vessel 110 to be navigated more efficiently in good en-
vironmental conditions.

[0082] FIG. 8 illustrates an example of a visualization
of navigation control data, according to an example em-
bodiment. The navigation control data may for example
indicate borders 801, 802 of an allowed navigation route
for the vessel 110. The navigation control data may fur-
ther indicate at least one location, for example within the
allowed navigation route. The at least one location may
be associated with at least one navigation control param-
eter. The atleast one location may for example comprise
at least one checkpoint 803 to 807 or at least one geo-
graphical zone 808. A checkpoint may comprise a dis-
crete location or a line, for example between the borders
801, 802 of the allowed navigation route.

[0083] The allowed navigation route, and/or parame-
ters thereof, may be determined taking into account the
detection capabilities of the vessel 110, other vessels
116 and/or their detection capabilities, and/or environ-
mental context information such as for example current
weather conditions or weather forecast information. For
example, a width of the allowed navigation route may be
determined based on the detection capability indica-
tor(s). A wider allowed navigation route may be allocated
to a vessel with better detection capabilities. This pro-
vides more freedom for an autonomous or semi-auton-
omous vessel or a captain of amanually navigated vessel
to make navigation decisions.

[0084] The navigation control data enables the DCV
server 130, or alternatively the DCV client 112, to control
navigation of the vessel 110 such that current detection
capability of the vessel 110 is taken into account. In ad-
dition to the above parameters, the at least one naviga-
tion control parameter may comprise at least one of: a
requested entry time at a checkpoint; a requested direc-
tion, a course over ground, and/or speed after crossing
a checkpoint or at a geographical zone; or a maximum
allowed speed after crossing a checkpoint or at a geo-
graphical zone. For example, a vessel with low detection
capabilities may be controlled more strictly by determin-
ing more checkpoints or indicating a lower maximum al-
lowed speed in aregion, for example the zone 808, which
may be close to object 118.

[0085] Eventhoughsome example embodimentshave
been described in context of marine navigation systems,
the example embodiments may be applied also in other
vehicle navigation systems. For example, detection ca-
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pabilities of different types of vehicles, for example cars
or aircrafts, may be verified during operation, mainte-
nance, or inspection. One example application is certifi-
cation or standardization of autonomous vehicles, semi-
autonomous vehicles, smart vehicles, or sensors, devic-
es, or systems associated with such vehicles, for exam-
ple an autonomy engine of a vehicle. For example, a
laptop or other device comprising the DCV server 130
may be connected to the vehicle, and the detection mod-
el(s) 114 of the vehicle may be executed based on cor-
responding verification dataset(s) to verify detection ca-
pability of the vehicle or the sensor(s). The DCV server
130 may provide a certification of the vehicle and/or one
or more sensors, for example in response to determining
that a detection capability of the vehicle and/or the sen-
sor(s) is sufficient. Same approach may be applied also
when determining whether a vehicle imported from
aboard has sufficient detection capabilities for local traf-
fic. Furthermore, updates of the detection model(s) 114
may be performed when local environmental conditions,
such as for example appearance of road signs or other
navigation assets change. In such a scenario, it may be
beneficial to verify detection capabilities of vehicles be-
fore initiating large-scale detection model updates or ve-
hicle recalls, in order to determine which vehicles need
an update. In another example application, a sensor
manufacturer may deploy DCV client 112 in sensor mod-
ules of vehicles. For example, a radar manufacturer may
provide DCV client 112 in its radar modules. ADCV serv-
er 130 may be configured to determine detection capa-
bility indicator(s) for the sensor(s) equipped with the DCV
client 112. Reliability of detections performed based on
corresponding sensor(s) may be estimated based on the
detection capability indicator(s).

[0086] FIG. 9 illustrates an example of a method 900
for determining a detection capability indicator at a serv-
er, according to an example embodiment.

[0087] At 901, the method may comprise receiving,
from a client associated with a vehicle, information as-
sociated with at least one object detected by the vehicle
and/or a location of the vehicle.

[0088] At902,the method maycomprise obtaining ver-
ification information associated with the at least one ob-
ject or the location of the vehicle from at least one data
source.

[0089] At 903, the method may comprise determining
a detection capability indicator for the vehicle based on
the verification information and at least one of: the infor-
mation associated with the at least one object or the lo-
cation of the vehicle.

[0090] According to an example embodiment, the
method may further comprise transmitting the detection
capability indicator to the client. The method may further
comprise determining navigation control data for the ve-
hicle based on the detection capability indicator The
method may further comprise transmitting the navigation
control data to the client.

[0091] According to an example embodiment, the
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method may further comprise receiving, from the client,
environmental context information associated with de-
tection of the atleast one object. The method may further
comprise determining the detection capability indicator
for the vehicle based on the environmental context infor-
mation. The method may further comprise associating
the detection capability indicator with the environmental
context information.

[0092] According to an example embodiment, the
method may further comprise the atleast one data source
may comprise at least one of: at least one other vehicle,
at least one sensor station, or a vehicle traffic system.
[0093] According to an example embodiment, the at
least one sensor station may comprise a camera, aradar,
or a lidar.

[0094] According to an example embodiment, the
method may further comprise transmitting a verification
dataset comprising the at least one object to the client.
[0095] According to an example embodiment, the
method may further comprise transmitting, to the client,
for example in response to determining that a value of
the detection capability indicator is not sufficient, at least
one of: a local detection model; an update to a detection
model of the vehicle; or calibration data for the detection
model of the client.

[0096] According to an example embodiment, the
method may further comprise determining navigation
control data for the vehicle based on the detection capa-
bility indicator and/or a current environmental context of
the vehicle.

[0097] According to an example embodiment, the in-
formation associated with the at least one object may
comprise at least one of: a location of the at least one
object, a heading of the at least one object, a speed of
the atleast one object, a velocity of the at least one object,
a size of the at least one object, or a classification of the
at least one object.

[0098] According to an example embodiment, the at
least one object may comprise at least one of: another
vehicle, a sea mark, or a landmark.

[0099] According to an example embodiment, the ver-
ification dataset may comprise emulated sensor data for
at least one sensor of the vehicle.

[0100] According to an example embodiment, the at
least one sensor of the vehicle may comprise at least
one of: a camera, a lidar, a radar, or a sonar.

[0101] According to an example embodiment, the ver-
ification dataset may comprise one or more ground-truth
labels for the at least one object.

[0102] According to an example embodiment, the de-
tection capability indicator may be associated with the at
least one sensor of the vehicle.

[0103] FIG.10illustrates an example of a method 1000
for receiving a detection capability indicator at a client,
according to an example embodiment.

[0104] At 1001, the method may comprise detecting a
location of a vehicle.

[0105] At 1002, the method may comprise detecting at
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least one object.

[0106] At1003, the method may comprise determining
information associated with the at least one object.
[0107] At 1004, the method may comprise transmitting
the information associated with the at least one object or
the location of the vehicle to a server.

[0108] At 1005, the method may comprise receiving,
from the server, a detection capability indicator associ-
ated with the vehicle.

[0109] According to an example embodiment, the de-
tection capability indicator may be associated with envi-
ronmental context information.

[0110] According to an example embodiment, the
method may further comprise determining navigation
control data for the vehicle based on the detection capa-
bility indicator and/or a current environmental context of
the vehicle.

[0111] According to an example embodiment, the
information associated with the at least one object com-
prises atleast one of: a location of the atleast one object,
a heading of the at least one object, a speed of the at
least one object, a velocity of the at least one object, a
size of the at least one object, or a classification of the
at least one object.

[0112] According to an example embodiment, the at
least one object may comprises at least one of: another
vehicle, a sea mark, or a landmark.

[0113] According to an example embodiment, the
method may further comprise receiving, from the server,
a verification dataset comprising the at least one object.
The method may further comprise executing a detection
model on the verification dataset to detect the at least
one object.

[0114] According to an example embodiment, the ver-
ification dataset may comprise emulated sensor data for
at least one sensor of the vehicle.

[0115] According to an example embodiment, the at
least one sensor of the vehicle may comprise at least
one of: a camera, a lidar, a radar, or a sonar.

[0116] According to an example embodiment, the ver-
ification dataset may comprise one or more ground-truth
labels for the at least one object.

[0117] According to an example embodiment, the
method may further comprise determining the detection
capability indicator based on comparing the information
associated with the at least one object with the one or
more ground-truth labels.

[0118] According to an example embodiment, the de-
tection capability indicator may be associated with the at
least one sensor of the vehicle.

[0119] Further features of the method(s) directly result
for example from functionalities of the DCV client 112,
the vessels 110, 116, the detection model(s) 114, and/or
the DCV server 130, as described throughout the spec-
ification and in the appended claims. Different variations
of the method (s) may be also applied, as described in
connection with the various example embodiments.
[0120] An apparatus, may be configured to perform or
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cause performance of any aspect of the method(s) de-
scribed herein. Further, a computer program may com-
prise instructions for causing, when executed, an appa-
ratus to perform any aspect of the method(s) described
herein. Further, an apparatus may comprise means for
performing any aspect of the method(s) described herein.
According to an example embodiment, the means com-
prises at least one processor, and memory including pro-
gram code, the at least one processor, and program code
configured to, when executed by the at least one proc-
essor, cause performance of any aspect of the meth-
od(s).

[0121] Any range or device value given herein may be
extended or altered without losing the effect sought. Also,
any embodiment may be combined with another embod-
iment unless explicitly disallowed.

[0122] Although the subject matter has been described
in language specific to structural features and/or acts, it
is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific
features or acts described above. Rather, the specific
features and acts described above are disclosed as ex-
amples of implementing the claims and other equivalent
features and acts are intended to be within the scope of
the claims.

[0123] It will be understood that the benefits and ad-
vantages described above may relate to one embodi-
ment or may relate to several embodiments. The embod-
iments are not limited to those that solve any or all of the
stated problems or those that have any or all of the stated
benefits and advantages. It will further be understood
that reference to ’an’ item, ’at least one’ item, and ‘one
or more’ items may refer to one or more of those items
or a plurality of those items.

[0124] The steps or operations of the methods de-
scribed herein may be carried out in any suitable order,
or simultaneously where appropriate. Additionally, indi-
vidual blocks may be deleted from any of the methods
without departing from the scope of the subject matter
described herein. Aspects of any of the embodiments
described above may be combined with aspects of any
of the other embodiments described to form further em-
bodiments without losing the effect sought.

[0125] The term ‘comprising’ is used herein to mean
including the method, blocks, or elements identified, but
that such blocks or elements do not comprise an exclu-
sive list and a method or apparatus may contain addi-
tional blocks or elements.

[0126] Although subjects may be referred to as ‘first’
or 'second’ subjects, this does not necessarily indicate
any order or importance of the subjects. Instead, such
attributes may be used solely for the purpose of making
a difference between subjects.

[0127] It will be understood that the above description
is given by way of example only and that various modi-
fications may be made by those skilled in the art. The
above specification, examples and data provide a com-
plete description of the structure and use of exemplary
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embodiments. Although various embodiments have
been described above with a certain degree of particu-
larity, or with reference to one or more individual embod-
iments, those skilled in the art could make numerous al-
terations to the disclosed embodiments without departing
from scope of this specification.

Claims
1. An apparatus, comprising:

means for receiving, from a client associated
with a vehicle, information associated with at
least one object detected by the vehicle and/or
a location of the vehicle;

means for obtaining verification information as-
sociated with the at least one object or the loca-
tion of the vehicle from at least one data source;
and

means for determining a detection capability in-
dicator for the vehicle based on the verification
information and at least one of: the information
associated with the at least one object or the
location of the vehicle.

2. The apparatus according to claim 1, further compris-
ing:

means for transmitting the detection capability
indicator to the client; or

means for determining navigation control data
for the vehicle based on the detection capability
indicator and means for transmitting the naviga-
tion control data to the client.

3. Theapparatusaccordingtoclaim 1 or claim 2, further
comprising:

means for receiving, from the client, environ-
mental context information associated with de-
tection of the at least one object; and

means for determining the detection capability
indicator for the vehicle based on the environ-
mental context information or means for asso-
ciating the detection capability indicator with the
environmental context information.

4. Theapparatusaccording to any preceding claim, fur-
ther comprising:
means for transmitting a verification dataset com-
prising the at least one object to the client.

5. Theapparatus according to any preceding claim, fur-
ther comprising:
means for transmitting, to the client, in response to
determining that a value of the detection capability
indicator is not sufficient, at least one of:
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6.

10.

1.

12.

a local detection model;

an update to a detection model of the vehicle; or
calibration data for the detection model of the
client.

An apparatus, comprising:

means for detecting a location of a vehicle;
means for detecting at least one object;
means for determining information associated
with the at least one object;

means for transmitting the information associat-
ed with the at least one object or the location of
the vehicle to a server; and

means for receiving, from the server, a detection
capability indicator associated with the vehicle.

The apparatus according to claim 6, wherein the de-
tection capability indicator is associated with envi-
ronmental context information.

The apparatus according to any preceding claim, fur-
ther comprising:

means for determining navigation control data for
the vehicle based on the detection capability indica-
tor and/or a current environmental context of the ve-
hicle.

The apparatus according to any of claims 6 to 8,
further comprising:

means for receiving, from the server, a verifica-
tion dataset comprising the at least one object;
and
means for executing a detection model on the
verification dataset to detect the at least one ob-
ject.

The apparatus according to any of claims 4, 5, 9,
wherein the verification dataset comprises emulated
sensor data for at least one sensor of the vehicle,
and/or wherein the verification dataset comprises
one or more ground-truth labels for the at least one
object.

The apparatus according to any of preceding claim,
wherein the detection capability indicator is associ-
ated with the at least one sensor of the vehicle.

A method comprising:

receiving, from aclientassociated with a vehicle,
information associated with at least one object
detected by the vehicle and/or a location of the
vehicle;

obtaining verification information associated
with the at least one object or the location of the
vehicle from at least one data source; and
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determining a detection capability indicator for
the vehicle based on the verification information
and at least one of: the information associated
with the at least one object or the location of the
vehicle.

13. A method comprising:

detecting a location of a vehicle;

detecting at least one object;

determining information associated with the at
least one object;

transmitting the information associated with the
at least one object or the location of the vehicle
to a server; and

receiving, from the server, a detection capability
indicator associated with the vehicle.

14. A computer program comprising program code con-
figured to cause an apparatus at least to:

receive, from a client associated with a vehicle,
information associated with at least one object
detected by the vehicle and/or a location of the
vehicle;

obtain verification information associated with
the at least one object or the location of the ve-
hicle from at least one data source; and
determine a detection capability indicator for the
vehicle based on the verification information and
at least one of: the information associated with
the at least one object or the location of the ve-
hicle.

15. A computer program comprising program code con-
figured to cause an apparatus at least to:

detect a location of a vehicle;

detect at least one object;

determine information associated with the at
least one object;

transmit the information associated with the at
least one object or the location of the vehicle to
a server; and

receive, from the server, a detection capability
indicator associated with the vehicle.

Amended claims in accordance with Rule 137(2) EPC.

An apparatus (130, 200, 330), comprising:

means for receiving, from a client (112) associ-
ated with a vehicle (110), information associated
with at least one object detected by the vehicle
(110) and/or a location of the vehicle (110);

means for obtaining verification information as-
sociated with the at least one object or the loca-
tion of the vehicle (110) from at least one data
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source; and

means for determining a detection capability in-
dicator for at least one sensor of the vehicle
(110) based on the verification information and
at least one of: the information associated with
the at least one object or the location of the ve-
hicle (110).

2. The apparatus according to claim 1, further compris-
ing:

means for transmitting the detection capability
indicator to the client (112); or

means for determining navigation instructions
or restrictions for the vehicle (110) based on the
detection capability indicator and means for
transmitting the navigation instructions or re-
strictions data to the client (112).

3. Theapparatus according to claim 1 or claim 2, further
comprising:

means for receiving, from the client (112), envi-
ronmental context information associated with
detection of the at least one object; and
means for determining the detection capability
indicator for the vehicle (110) based on the en-
vironmental contextinformation or means for as-
sociating the detection capability indicator with
the environmental context information.

4. Theapparatusaccordingto any preceding claim, fur-
ther comprising:
means for transmitting a verification dataset com-
prising the at least one object to the client (112).

5. The apparatus according to any preceding claim, fur-
ther comprising:
means for transmitting, to the client (112), in re-
sponse to determining that a value of the detection
capability indicator is not sufficient, at least one of:

a local detection model;

an update to a detection model (114) of the ve-
hicle; or

calibration data for the detection model (114) of
the client (112).

6. An apparatus (112, 200), comprising:

means for detecting a location of a vehicle (110);
means for detecting at least one object;
means for determining information associated
with the at least one object;

means for transmitting the information associat-
ed with the at least one object or the location of
the vehicle to a server (130, 330); and

means for receiving, from the server (130, 330),
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a detection capability indicator associated with
at least one sensor of the vehicle (110).

The apparatus according to claim 6, wherein the de-
tection capability indicator is associated with envi-
ronmental context information.

The apparatus according to any preceding claim, fur-
ther comprising:

means for determining navigation instructions or re-
strictions for the vehicle (110) based on the detection
capability indicator and/or a current environmental
context of the vehicle (110).

The apparatus according to any of claims 6 to 8,
further comprising:

means for receiving, from the server (130, 330),
a verification dataset comprising the atleastone
object; and

means for executing a detection model (114) on
the verification dataset to detect the atleast one
object.

The apparatus according to any of claims 4, 5, 9,
wherein the verification dataset comprises emulated
sensor data for at least one sensor of the vehicle
(110), and/or wherein the verification dataset com-
prises one or more ground-truth labels for the atleast
one object.

A method comprising:

receiving, from a client (112) associated with a
vehicle (110), information associated with at
least one object detected by the vehicle (110)
and/or a location of the vehicle (110);
obtaining verification information associated
with the at least one object or the location of the
vehicle (110) from at least one data source; and
determining a detection capability indicator for
at least one sensor of the vehicle (110) based
on the verification information and at least one
of: the information associated with the at least
one object or the location of the vehicle (110).

A method comprising:

detecting a location of a vehicle (110);
detecting at least one object;

determining information associated with the at
least one object;

transmitting the information associated with the
at least one object or the location of the vehicle
(110) to a server (130, 330); and

receiving, from the server (130, 330), adetection
capability indicator for at least one sensor asso-
ciated with at least one sensor of the vehicle
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