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SERVER AND METHOD FOR GENERATING ROAD MAP DATA

TECHNICAL FIELD
[001] Various aspects of this disclosure relate to a server configured for generating road
map data. Various aspects of this disclosure relate to a method for generating road map data.
Various aspects of this disclosure relate to a non-transitory computer-readable medium
storing computer executable code for generating road map data. Various aspects of this

disclosure relate to a computer executable code for generating road map data.

BACKGROUND

[002] The quality of an e-hailing service which enables customers to hail taxis using
their smartphones largely depends on the underlying map data which is for example used
for estimating the time when the driver will be there to pick up the user, a price of the ride
and how long it will take to get to the destination. Machine learning models may be used to
automatically generate map data from images, e.g. to recognize points of interest, street
names, etc. However, for having a machine learning model that may reliably process images
for map data generation, training images are necessary for training the machine learning
models.

[003] Traditional image acquisition for map making use expensive specialized
equipment, where the cameras are in an elevated position and multiple cameras from
different angles are used in order to not miss any map features (e.g. Storefront signs, Traffic
signs, lane markings). The challenge with this traditional approach is that often the high cost
per km in capturing this data.

[004] Another approach is instead to rely on lower end cameras and instead of covering
a road once with super high-end and expensive equipment to use lower cost cameras but
often cover the same road multiple times. The challenge with this approach is that the images
are often captured via non-360 cameras so certain features are missing (e.g. storefront logos
that are important to detect points of interests as map features). The lower vantage of camera
point may also lead to blocked features, leading to potentially missing crucial data for

accurate map generation.
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[005] Therefore, there may be a need to provide a system to accurately generate map
data from training images. There may also be a need for the system to determine if details
that are crucial for mapmaking are potential missing.

[006] Various embodiments may provide a system configured for managing orders is
disclosed. The system may include one or more processor(s) and a memory having
instructions stored therein. The instructions when executed by the one or more processor(s),
may cause the one or more processor(s) to: collect first 2D training image data comprising
first map images of a geographical area acquired by one or more image acquisition
apparatus. The one or more processor(s) may also collect second 2D training image data
comprising second map images of the geographical area acquired by the one or more image
acquisition apparatus. The one or more processor(s) may also construct a 3D map for the
geographical area based on the first training image data and the second training image data.
The one or more processor(s) may also determine a likelihood of a potential missing feature
in the 3D map based on the first 2D training image data and the second 2D training image
data. The one or more processor(s) may also collect third 2D training image data comprising
third map images of the geographical area acquired by the one or more image acquisition
apparatus if the likelihood of the potential missing feature is above a predetermined
threshold. The one or more processor(s) may also generate the road map based on the first
2D training image data, the second 2D training image data and the third 2D training image
data.

[007] According to various embodiments, the one or more image acquisition apparatus
may include a first image acquisition apparatus, a second image acquisition apparatus and a
third image acquisition apparatus. The first map images may be acquired by the first image
acquisition apparatus. The second map images may be acquired by the second image
acquisition apparatus. The third map images may be acquired by the third image acquisition
apparatus.

[008] According to various embodiments, at least one of the first image acquisition
apparatus and the second image acquisition apparatus may acquire images at a lower image
resolution than the third image acquisition apparatus.

[009] According to various embodiments, the third image acquisition apparatus may be
a 3D camera.

[0010] According to various embodiments, the one or more processor(s) may be

configured to use sensor data to identify a first position of the first image acquisition
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apparatus and a second position of the second image acquisition apparatus to determine a
difference between the first position and the second position.

[0011] According to various embodiments, the one or more processor(s) may be
configured to construct the 3D map for the geographical area based on the first 2D training
image data, the second 2D training image data and the difference between the first position
and the second position.

[0012] According to various embodiments, the one or more processor(s) may be
configured to compare the 3D map with a groundtruth map stored in the memory to
determine the likelihood of the potential missing feature.

[0013]  According to various embodiments, the potential missing feature may be one of:
a building, a traffic sign or a traffic light.

[0014] Various embodiments may provide a method for managing orders. The method
may include using one or more processor(s) to: : collect first 2D training image data
comprising first map images of a geographical area acquired by one or more image
acquisition apparatus. The one or more processor(s) may also collect second 2D training
image data comprising second map images of the geographical area acquired by the one or
more image acquisition apparatus. The one or more processor(s) may also construct a 3D
map for the geographical area based on the first training image data and the second training
image data. The one or more processor(s) may also determine a likelihood of a potential
missing feature in the 3D map based on the first 2D training image data and the second 2D
training image data. The one or more processor(s) may also collect third 2D training image
data comprising third map images of the geographical area acquired by the one or more
image acquisition apparatus if the likelihood of the potential missing feature is above a
predetermined threshold. The one or more processor(s) may also generate the road map
based on the first 2D training image data, the second 2D training image data and the third
2D training image data.

[0015]  According to various embodiments, the one or more image acquisition apparatus
may include a first image acquisition apparatus, a second image acquisition apparatus and a
third image acquisition apparatus. The first map images may be acquired by the first image
acquisition apparatus. The second map images may be acquired by the second image
acquisition apparatus. The third map images may be acquired by the third image acquisition

apparatus.
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[0016] According to various embodiments, at least one of the first image acquisition
apparatus and the second image acquisition apparatus may acquire images at a lower image
resolution than the third image acquisition apparatus.

[0017]  According to various embodiments, the third image acquisition apparatus may be
a 3D camera.

[0018]  According to various embodiments, the method may include using the one or
more processor(s) to use sensor data to identify a first position of the first image acquisition
apparatus and a second position of the second image acquisition apparatus to determine a
difference between the first position and the second position.

[0019] According to various embodiments, the method may include using the one or
more processor(s) to construct the 3D map for the geographical area based on the first 2D
training image data, the second 2D training image data and the difference between the first
position and the second position.

[0020]  According to various embodiments, the method may include using the one or
more processor(s) to compare the 3D map with a groundtruth map stored in the memory to
determine the likelihood of the potential missing feature.

[0021]  According to various embodiments, the potential missing feature may be one of:
a building, a traffic sign or a traffic light.

[0022]  Various embodiments may provide a non-transitory computer-readable medium
storing computer executable code including instructions for generating road map data
according to the various embodiments disclosed herein.

[0023] Various embodiments may provide a computer executable code including
instructions for generating road map data according to the various embodiments disclosed
herein.

[0024] To the accomplishment of the foregoing and related ends, the one or more
embodiments include the features hereinafter fully described and particularly pointed out in
the claims. The following description and the associated drawings set forth in detail certain
illustrative features of the one or more aspects. These features are indicative, however, of
but a few of the various ways in which the principles of various aspects may be employed,

and this description is intended to include all such aspects and their equivalents.
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[0025] The invention will be better understood with reference to the detailed description
when considered in conjunction with the non-limiting examples and the accompanying
drawings, in which:

[0026] FIG. 1 shows a flowchart of a method for managing orders according to various
embodiments.

[0027] FIG. 2 shows a schematic diagram of a system for generating road map data
according to various embodiments.

[0028] FIG. 3 shows an exemplary diagram of an image acquisition apparatus for

generating road map data according to various embodiments.

DETAILED DESCRIPTION
[0029] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention may
be practiced. These embodiments are described in sufficient detail to enable those skilled
in the art to practice the invention. Other embodiments may be utilized and structural, and
logical changes may be made without departing from the scope of the invention. The various
embodiments are not necessarily mutually exclusive, as some embodiments can be
combined with one or more other embodiments to form new embodiments.
[0030] Embodiments described in the context of one of the systems or server or methods
or computer program are analogously valid for the other systems or server or methods or
computer program and vice-versa.
[0031] Features that are described in the context of an embodiment may correspondingly
be applicable to the same or similar features in the other embodiments. Features that are
described in the context of an embodiment may correspondingly be applicable to the other
embodiments, even if not explicitly described in these other embodiments. Furthermore,
additions and/or combinations and/or alternatives as described for a feature in the context of
an embodiment may correspondingly be applicable to the same or similar feature in the other
embodiments.
[0032] The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment or design described herein as ‘“exemplary” is not

necessarily to be construed as preferred or advantageous over other embodiments or designs
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[0033] In the context of various embodiments, the articles an”, and “the” as used
with regard to a feature or element include a reference to one or more of the features or
elements.

[0034] As used herein, the term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0035] The terms “at least one” and “one or more” may be understood to include a
numerical quantity greater than or equal to one (e.g., one, two, three, four, [...], etc.). The
term “a plurality” may be understood to include a numerical quantity greater than or equal
to two (e.g., two, three, four, five, [...], etc.).

[0036] The words “plural” and “multiple” in the description and the claims expressly
refer to a quantity greater than one. Accordingly, any phrases explicitly invoking the
aforementioned words (e.g. “a plurality of [objects]”, “multiple [objects]”) referring to a
quantity of objects expressly refers more than one of the said objects. The terms “group
(of)”, “set [of]”, “collection (of)”, “series (of)”, “sequence (of)”, “grouping (of)”, etc., and
the like in the description and in the claims, if any, refer to a quantity equal to or greater than
one, i.e. one or more. The terms “proper subset”, “reduced subset”, and “lesser subset” refer
to a subset of a set that is not equal to the set, i.e. a subset of a set that contains less elements
than the set.

[0037] The term “data” as used herein may be understood to include information in any
suitable analog or digital form, e.g., provided as a file, a portion of a file, a set of files, a
signal or stream, a portion of a signal or stream, a set of signals or streams, and the like.
Further, the term “data” may also be used to mean a reference to information, e.g., in form
of a pointer. The term data, however, is not limited to the aforementioned examples and
may take various forms and represent any information as understood in the art.

[0038] The term “processor” or “controller” as, for example, used herein may be
understood as any kind of entity that allows handling data, signals, etc. The data, signals,
etc. may be handled according to one or more specific functions executed by the processor
or controller.

[0039] A processor or a controller may thus be or include an analog circuit, digital circuit,
mixed-signal circuit, logic circuit, processor, microprocessor, Central Processing Unit
(CPU), Graphics Processing Unit (GPU), Digital Signal Processor (DSP), Field
Programmable Gate Array (FPGA), integrated circuit, Application Specific Integrated

Circuit (ASIC), etc., or any combination thereof. Any other kind of implementation of the
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respective functions, which will be described below in further detail, may also be understood
as a processor, controller, or logic circuit. It is understood that any two (or more) of the
processors, controllers, or logic circuits detailed herein may be realized as a single entity
with equivalent functionality or the like, and conversely that any single processor, controller,
or logic circuit detailed herein may be realized as two (or more) separate entities with
equivalent functionality or the like.

[0040] The term “system” (e.g., a drive system, a position detection system, etc.) detailed
herein may be understood as a set of interacting elements, the elements may be, by way of
example and not of limitation, one or more mechanical components, one or more electrical
components, one or more instructions (e.g., encoded in storage media), one or more
controllers, etc.

[0041] A “circuit” as user herein is understood as any kind of logic-implementing entity,
which may include special-purpose hardware or a processor executing software. A circuit
may thus be an analog circuit, digital circuit, mixed-signal circuit, logic circuit, processor,
microprocessor, Central Processing Unit (“CPU”), Graphics Processing Unit (“GPU”),
Digital Signal Processor (“DSP”), Field Programmable Gate Array (“FPGA”), integrated
circuit, Application Specific Integrated Circuit (“ASIC”), etc., or any combination thereof.
Any other kind of implementation of the respective functions which will be described below
in further detail may also be understood as a “circuit.” It is understood that any two (or more)
of the circuits detailed herein may be realized as a single circuit with substantially equivalent
functionality, and conversely that any single circuit detailed herein may be realized as two
(or more) separate circuits with substantially equivalent functionality. Additionally,
references to a “circuit” may refer to two or more circuits that collectively form a single
circuit.

[0042] As used herein, “memory” may be understood as a non-transitory computer-
readable medium in which data or information can be stored for retrieval. References to
“memory” included herein may thus be understood as referring to volatile or non-volatile
memory, including random access memory (“RAM?”), read-only memory (“ROM”), flash
memory, solid-state storage, magnetic tape, hard disk drive, optical drive, etc., or any
combination thereof. Furthermore, it is appreciated that registers, shift registers, processor
registers, data buffers, etc., are also embraced herein by the term memory. It is appreciated
that a single component referred to as “memory” or “a memory” may be composed of more

than one different type of memory, and thus may refer to a collective component including
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one or more types of memory. It is readily understood that any single memory component
may be separated into multiple collectively equivalent memory components, and vice versa.
Furthermore, while memory may be depicted as separate from one or more other
components (such as in the drawings), it is understood that memory may be integrated within
another component, such as on a common integrated chip.

[0043] FIG. 1 shows a flowchart of a method for generating road map data according to
various embodiments.

[0044]  According to various embodiments, the method 100 of generating road map data
may be provided. In some embodiments, the method 100 may include a step 102 of using
one or more processor(s) of a system to collect first 2D training image data comprising first
map images of a geographical area acquired by one or more image acquisition apparatus.
The method 100 may include a step 104 of using the one or more processor(s) to collect
second 2D training image data comprising second map images of the geographical area
acquired by the one or more image acquisition apparatus.

[0045] In some embodiments, the method 100 may include a step 106 of using the one
or more processor(s) to construct a 3D map for the geographical area based on the first
training image data and the second training image data. The method 100 may include a step
108 of using the one or more processor(s) to determine a likelihood of a potential missing
feature in the 3D map based on the first 2D training image data and the second 2D training
image data.

[0046] In some embodiments, the method 100 may include a step 110 of using the one
or more processor(s) to collect third 2D training image data comprising third map images of
the geographical area acquired by the one or more image acquisition apparatus if the
likelihood of the potential missing feature is above a predetermined threshold. The method
100 may include a step 112 of using the one or more processor(s) to generate the road map
based on the first 2D training image data, the second 2D training image data and the third
2D training image data.

[0047]  Steps 102 to 112 are shown in a specific order, however other arrangements are
possible. Steps may also be combined in some cases. Any suitable order of steps 102 to 112
may be used.

[0048] FIG. 2 shows a schematic diagram of a system configured for generating road

map data according to various embodiments.
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[0049]  According to various embodiments, the communication system 200 may include
a server 210, and/or one or more image acquisition apparatus 220 (e.g., 220A, 220B,220C).
[0050] In some embodiments, the server 210 and the one or more image acquisition
apparatus 220 may be in communication with each other through communication network
230. Even though FIG. 2 shows lines connecting the server 210, and the one or more image
acquisition apparatus 220, to the communication network 230, in some embodiments, the
server 210, and the one or more image acquisition apparatus 220, may not be physically
connected to each other, for example through a cable. Instead, the server 210, and the one
or more image acquisition apparatus 220 may be able to communicate wirelessly through
communication network 230 by internet communication protocols or through a mobile
cellular communication network.

[0051] In various embodiments, the server 210 may be a single server as illustrated
schematically in FIG. 2, or have the functionality performed by the server 210 distributed
across multiple server components. The server 210 may include one or more server
processor(s) 212. The various functions performed by the server 210 may be carried out by
the one or more server processor(s) 212. In some embodiments, the various functions
performed by the server 210 may be carried out across the one or more server processor(s).
In other embodiments, each specific function of the various functions performed by the
server 210 may be carried out by specific server processor(s) of the one or more server
processor(s).

[0052] In some embodiments, the server 210 may include a database 214. The server 210
may also include a memory 216. The database 214 may be in or may be the memory 216.
The memory 216 and the database 214 may be one component or may be separate
components. The memory 216 of the server may include computer executable code defining
the functionality that the server 210 carries out under control of the one or more server
processor 212. The database 214 and/or memory 216 may include image training data, map
images, generated map data, 2D and 3D map related data or images. The memory 216 may
include or may be a computer program product such as a non-transitory computer-readable
medium.

[0053] In some embodiments, the memory 216 may be part of the one or more server
processor(s) 212. In some embodiments, the one or more server processor(s) 212 may also
include a neural network processor 215, a decision-making processor 217 and a map

generation processor 218.



10

[0054] According to various embodiments, a computer program product may store the
computer executable code including instructions for generating road map data according to
the various embodiments. The computer executable code may be a computer program. The
computer program product may be a non-transitory computer-readable medium. The
computer program product may be in the communication system 100 and/or the server 210.
[0055] In some embodiments, the server 210 may also include an input and/or output
module allowing the server 210 to communicate over the communication network 230. The
server 210 may also include a user interface for user control of the server 210. The user
interface may include, for example, computing peripheral devices such as display monitors,
user input devices, for example, touchscreen devices and computer keyboards.

[0056] In various embodiments, the one or more image acquisition apparatus 220 may
include a one or more image acquisition apparatus memory 222 and one or more image
acquisition apparatus processor 224. The one or more image acquisition apparatus memory
222 may include computer executable code defining the functionality the one or more image
acquisition apparatus 220 carries out under control of the one or more image acquisition
apparatus processor 224. The one or more image acquisition apparatus memory 222 may
include or may be a computer program product such as a non-transitory computer-readable
medium. The one or more image acquisition apparatus 220 may also include an input and/or
output module allowing the one or more image acquisition apparatus 220 to communicate
over the communication network 230. The one or more image acquisition apparatus 220
may also include a user interface for the user to control the one or more image acquisition
apparatus 220. The user interface may include a display monitor, and/or buttons.

[0057] In various embodiments, the communication system 200 may include one or more
image acquisition apparatus 220. For the sake of brevity, duplicate descriptions of features
and properties are omitted.

[0058] In various embodiments, the one or more image acquisition apparatus 220, for
example a first image acquisition apparatus 220, a second image acquisition apparatus 220B
and a third image acquisition apparatus 220C may be the same camera or from the same
manufacturer. Advantageously, by having the same or similar properties may make it easier
for the system 100 to construct 3D images from 2D images.

[0059] In various embodiments, the server 210 may be configured for generating road

map data.
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[0060] In various embodiments, the neural network processor 215 may determine first
2D training image data using one or more neural networks. The input for the neural network
may be first map images of a geographical area acquired by one or more image acquisition
apparatus 220. In various embodiments, the neural network processor 215 may determine
second 2D training image data using one or more neural networks. The input for the neural
network may be second map images of a geographical area acquired by one or more image
acquisition apparatus 220.

[0061] In various embodiments, the map generation processor 218 may construct a 3D
map for the geographical area based on the first training image data and the second training
image data.

[0062] In various embodiments, the map generation processor 218 may construct a 3D
map by applying Structure from Motion (SfM) algorithms on the 2D images to recreate 3D
understanding of the roads. In various embodiments, if two images are too far apart, the
processor 218 may split one recording of 2D images in multiple trips to have better
reconstruction of 2D images into 3D.

[0063] In various embodiments, the decision-making processor 217 may determine a
likelihood of a potential missing feature in the 3D map based on the first 2D training image
data and the second 2D training image data.

[0064] In various embodiments, the map generation processor 218 may generate the road
map based on the first 2D training image data, the second 2D training image data and the
third 2D training image data.

[0065] In various embodiments, based on the 3D reconstruction, the system 100 may
calculate “completeness” and “blind spots” (e.g. if something is obstructing the view or
outside of the field of view of the camera).

[0066] In various embodiments, the system 100 may calculate a map quality score per
road .segment

[0067] In various embodiments, the images may be aggregated across multiple trips on
the same road segment to see whether a “blind spot” in one recording is captured in another
recording by the one or more image acquisition apparatus 220. In various embodiments, the
data in the same area (i.e. not only across trips but by geo-proximity) may be aggregated
before construction of the 3D map. In various embodiments, visual positioning, (i.e. image

proximity) may be used when constructing the 3D map.
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[0068] In various embodiments, the system 100 may use an algorithm to decide the
probability of signs or important map features based on location based on probability of sign
positioning in real world. The system may give more important to blind spots at intersections
compared a blindspot in the middle of a road segment.

[0069] In various embodiments, the system 100 may output an overlay of the road-
network where information such as locations with good coverage / high quality (i.e. low
blindspots) and locations with potential gaps (i.e., missing features) in the 3D map is known.
[0070] In various embodiments, if the likelihood of the potential missing feature is above
a predetermined threshold, the neural network processor 215 may determine third 2D
training image data using one or more neural networks. The input for the neural network
may be third map images of a geographical area acquired by one or more image acquisition
apparatus 220.

[0071]  In various embodiments, based on the likelihood of the potential missing feature,
the system 100 may target specific sections for re-recording (e.g., if they are high importance
areas). The re-recording may be done using at least one of: using higher end equipment, or
get more recordings of using the same equipment for higher coverage or send human
surveyors for fill in the missing details.

[0072]  In various embodiments, the system 100 may wait until more data is uploaded by
other vehicles with cameras passing by before reconstructing the 3D map. In some
embodiment, the system 100 may accept the quality risks (if e.g. low importance area).
[0073] In various embodiments, the system 100 may recollect areas with low coverage
scores. The system may recalculate the scores upon recollection. The system 100 may have
an automated process decide whether to recollect with low quality cameras or to assign a
segment for high-quality / manual collection.

[0074] Advantageously, the system disclosed herein allows for a more 90% map
coverage with low cost / lower quality cameras (or possibly using multiple iterations on the
same segment) and only in some areas using manual surveying or high-end equipment to
cover gaps in coverage, which increases the accuracy of the map generation and lowers the
cost of map generation.

[0075] In some embodiments, the one or more image acquisition apparatus 220 may
include at least one of a first image acquisition apparatus 220A, a second image acquisition
apparatus 220B and a third image acquisition apparatus 220C. In some embodiments, the

first map images may be acquired by the first image acquisition apparatus 220A. In some
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embodiments, the second map images may be acquired by the second image acquisition
apparatus 220B. In some embodiments, the third map images may be acquired by the third
image acquisition apparatus 220C.

[0076] In some embodiments, at least one of the first image acquisition apparatus 220A
and the second image acquisition apparatus 220B may acquire images at a lower image
resolution than the third image acquisition apparatus 220C. In some embodiments, the third
image acquisition apparatus may be a 3D camera.

[0077] In some embodiments, the one or more server processor(s) 212 may use sensor
data to identify a first position of the first image acquisition apparatus 220A and/or a second
position of the second image acquisition apparatus 220B. The sensor data may include a first
sensor data for the first image acquisition apparatus 220A and/or a second sensor data for
the second image acquisition apparatus 220B. In some embodiments, the one or more server
processor(s) 212 may determine a difference between the first position and the second
position.

[0078] In some embodiments, the one or more server processor(s) 212 may review the
positions of the pictures and may and use sensor data and image data identify the camera
position in the real 3D space and establish “ground control points”.

[0079] In some embodiments, the map generation processor 218 may construct the 3D
map for the geographical area based on the first 2D training image data, the second 2D
training image data and the difference between the first position and the second position.
[0080] In some embodiments, the decision-making processor 217 may compare the 3D
map with a groundtruth map to determine the likelihood of the potential missing feature.
The groundtruth map may be stored in the memory 216. The 3D map may be compared with
the groundtruth (e.g. to understand if there should be a building at a certain point or not). In
some embodiments, this may also identify areas that are not covered or obstructed.

[0081] In some embodiments, the groundtruth map may be e.g. OpenStreetMap or any
previously generated map. This groundtruth map may not be fully accurate, however, some
features like e.g. existing roads have high level of accuracy, which may serve as an accurate
point of comparison.

[0082] In some embodiments, the potential missing feature may be one of: a building, a

traffic sign or a traffic light.
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[0083] In some embodiments, the one or more image acquisition apparatus 220 may be
mounted onto one or more vehicles or one or more drivers of the one or more vehicles, e.g.,
on a helmet worn by the one or more drivers.

[0084] FIG. 3 shows an exemplary diagram 300 of an image acquisition apparatus for
generating road map data according to various embodiments.

[0085] In the exemplary diagram 300, an image acquisition apparatus 320 is mounted on
a vehicle 301.

[0086] In various embodiments, the image acquisition apparatus 320 may send map
images of a geographical area to the server 310 for the server processor 312 to process as
training image data as well as to generate road maps. The road maps may be stored in a
memory 314 of the server 310.

[0087] In various embodiments, the image acquisition apparatus 320 may communicate
with the server 310 through a communication network 330.

[0088] In various embodiments the server processor 312 may determine first 2D training
image data using one or more neural networks. The input for the neural network may be first
map images of a geographical area. In various embodiments, the neural network processor
215 may determine second 2D training image data using one or more neural networks. The
input for the neural network may be second map images of a geographical area. In various
embodiments, the the server processor 312 may construct a 3D map for the geographical
area based on the first training image data and the second training image data. In various
embodiments, the server processor 312 may determine a likelihood of a potential missing
feature in the 3D map based on the first 2D training image data and the second 2D training
image data. In various embodiments, if the likelihood of the potential missing feature is
above a predetermined threshold, the server processor 312 may determine third 2D training
image data using one or more neural networks. The input for the neural network may be
third map images of a geographical area. In various embodiments, the server processor 312
may generate the road map based on the first 2D training image data, the second 2D training
image data and the third 2D training image data.

[0089] In some embodiments, there may be one or more vehicles 301. There may be one
or more image acquisition apparatus 320 mounted on the one or more vehicles 301.

[0090] In various embodiments, the first map images, the second map images and the
third map images may be obtained by the same image acquisition apparatus 320 or different

image acquisition apparatus 320.
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[0091] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various changes
in form and detail may be made therein without departing from the scope of the invention
as defined by the appended claims. The scope of the invention is thus indicated by the
appended claims and all changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced.
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CLAIMS

1. A system for generating road map data, the system comprising:

one or more processor(s); and

a memory having instructions stored therein, the instructions, when executed by the
one or more processor(s), cause the one or more processor(s) to:

collect first 2D training image data comprising first map images of a geographical
area acquired by one or more image acquisition apparatus;

collect second 2D training image data comprising second map images of the
geographical area acquired by the one or more image acquisition apparatus;

construct a 3D map for the geographical area based on the first training image data
and the second training image data;

determine a likelihood of a potential missing feature in the 3D map based on the first
2D training image data and the second 2D training image data;

collect third 2D training image data comprising third map images of the geographical
area acquired by the one or more image acquisition apparatus if the likelihood of the
potential missing feature is above a predetermined threshold; and

generate the road map based on the first 2D training image data, the second 2D

training image data and the third 2D training image data.

2. The system of claim 1, wherein the one or more image acquisition apparatus
comprises a first image acquisition apparatus, a second image acquisition apparatus and a

third image acquisition apparatus; and
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wherein the first map images are acquired by the first image acquisition apparatus,
the second map images are acquired by the second image acquisition apparatus and the third

map images are acquired by the third image acquisition apparatus.

3. The system of claim 2, wherein at least one of the first image acquisition apparatus
and the second image acquisition apparatus acquires images at a lower image resolution than

the third image acquisition apparatus.

4. The system of claim 2 or claim 3, wherein the third image acquisition apparatus is a
3D camera.
5. The system of claims 2-4, wherein the one or more processor(s) is configured to:

use sensor data to identify a first position of the first image acquisition apparatus and
a second position of the second image acquisition apparatus to determine a difference

between the first position and the second position.

6. The system of claim 5, wherein the one or more processor(s) is configured to:
construct the 3D map for the geographical area based on the first 2D training image
data, the second 2D training image data and the difference between the first position and the

second position.

7. The system of claims 1-6, wherein the one or more processor(s) is configured to:
compare the 3D map with a groundtruth map stored in the memory to determine the

likelihood of the potential missing feature.
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8. The system of claims 1-7, wherein the potential missing feature is one of: a building,

a traffic sign or a traffic light.

0. The system of claims 1-8, wherein the one or more image acquisition apparatus is

mounted onto one or more vehicles or one or more drivers of the one or more vehicles.

10. A method for generating road map data, the method comprising using one or more
processor(s) to:

collect first 2D training image data comprising first map images of a geographical
area acquired by one or more image acquisition apparatus;

collect second 2D training image data comprising second map images of the
geographical area acquired by the one or more image acquisition apparatus;

construct a 3D map for the geographical area based on the first training image data
and the second training image data;

determine a likelihood of a potential missing feature in the 3D map based on the first
2D training image data and the second 2D training image data;

collect third 2D training image data comprising third map images of the geographical
area acquired by the one or more image acquisition apparatus if the likelihood of the
potential missing feature is above a predetermined threshold; and

generate the road map based on the first 2D training image data, the second 2D

training image data and the third 2D training image data.

11. The method of claim 10,
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wherein the one or more image acquisition apparatus comprises a first image acquisition
apparatus, a second image acquisition apparatus and a third image acquisition apparatus;
and

wherein the first map images are acquired by the first image acquisition apparatus, the
second map images are acquired by the second image acquisition apparatus and the third

map images are acquired by the third image acquisition apparatus.

12. The method of claim 11, wherein at least one of the first image acquisition apparatus
and the second image acquisition apparatus acquires images at a lower image resolution than

the third image acquisition apparatus.

13. The method of claim 11 or claim 12, wherein the third image acquisition apparatus

is a 3D camera.

14. The method of claims 11-13, wherein the one or more processor(s) is configured to:
use sensor data to identify a first position of the first image acquisition apparatus and
a second position of the second image acquisition apparatus to determine a difference

between the first position and the second position.

15. The method of claim 14, wherein the one or more processor(s) is configured to:
construct the 3D map for the geographical area based on the first 2D training image
data, the second 2D training image data and the difference between the first position and the

second position.

16. The method of claims 10-15, wherein the one or more processor(s) is configured to:



20

compare the 3D map with a groundtruth map stored in the memory to determine the

likelihood of the potential missing feature.

17. The method of claims 10-16, wherein the potential missing feature is one of: a

building, a traffic sign or a traffic light.

18. The method of claims 9-15, wherein the one or more image acquisition apparatus is

mounted onto one or more vehicles or one or more drivers of the one or more vehicles.

19. A non-transitory computer-readable medium storing computer executable code

comprising instructions for generating a road map data according to any one of claims 1 to

18.

20. A computer executable code comprising instructions for generating a road map data

according to any one of claims 1 to 20.



